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Executive Summary

Executive Summary

Proposed Vehicle Sandards

Today’ s notice proposes new federal emission standards (“ Tier 2 standards') for passenger
cars and light trucks. The program is designed to reduce vehicle emissions of nitrogen oxides
(NOx) and non-methane organic gases (NMOG) (which consist primarily of hydrocarbons (HC)
and volatile organic compounds (VOCs)); NOx and NMOG contribute to the formation of ozone
and particulate matter (PM) which are harmful air pollutants. The program would also, for the
first time, apply the same federal standards to passenger cars and al light trucks (“light LDTS’
and “heavy LDTS").

The proposed Tier 2 standards would reduce new vehicle NOx levels to an average of 0.07
grams per mile (g/mi). For new passenger cars and light LDTS, these standards would phasein
beginning in 2004, with the standards to be fully phased in by 2007. For heavy LDTs, the
proposed Tier 2 standards would be phased in beginning in 2008, with full compliance in 2009.
During the phase-in period from 2004-2007, all passenger cars and light LDTs not certified to
Tier 2 standards would have to meet an interim average standard of 0.30 g/mi NOX, equivalent to
the current NLEV standards for LDV's. During the period 2004-2008, heavy LDTs not certified
to Tier 2 standards would phase in an average standard of 0.20 g/mi NOx, with an emissions cap
of 0.60 g/mi NOx

Manufacturers would be allowed to comply with the very stringent proposed new standards
in aflexible way, assuring that the average emissions of a company’s production met the target
emission levels while allowing the manufacturer to choose from several more- and |ess-stringent
emission categories for certification. The proposed requirements al so include more stringent PM
standards, which primarily affect diesel vehicles, and more stringent hydrocarbon controls
(exhaust NMOG and evaporative emissions standards).

Proposed Gasoline Sulfur Requirements

The other magjor part of today’ s proposal would significantly reduce average gasoline sulfur
levels nationwide beginning in 2004, and likely earlier due to the proposed incentive program to
encourage early sulfur reductions. Refiners would generally install advanced refining equipment
to remove sulfur in their refining processes. Importers of gasoline would be required to import
and market only gasoline meeting the proposed sulfur limits. Temporary, less stringent
standards would apply to certain small refiners.

EPA is proposing that gasoline produced by refiners and sold by gasoline importers
generally meet an average sulfur standard of 30 ppm and a cap of 80 ppm. The proposed
program builds upon the existing regulations covering gasoline content as it relates to emissions
performance. It includes provisions for trading of sulfur credits, increasing the flexibility
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available to refiners for complying with the new requirements. The proposed credit program is
intended to ease compliance uncertainties by providing refiners the flexibility to phase in early
controlsin 2000-03 and use credits generated in these years to delay some control to 2006. As
proposed, the program would achieve expected environmental benefits while providing
substantial flexibility to refiners. The effect of the credit program is that those refiners that
participate would have the opportunity for more overall lead-time to attain the final sulfur levels.

Cost-Effectiveness of the Proposed Tier2/Sulfur Program

A comparison of the costs of our proposed program with the emission reductionsit is
estimated to achieve leads us to conclude that it is a cost-effective means of reducing pollution.
The cost-effectiveness of the Tier 2/gasoline sulfur proposal, considering only the NOx and
hydrocarbon reductions which it will yield, ranges from $1,800 to $2,180 per ton. Thisrange
compares favorably with other mobile and stationary source controls. For example, both the Tier
1 and NLEV vehicle standards had similar cost-effectiveness to the standards we are proposing
today. For stationary sources, similar levels of reductions in NOx and hydrocarbon emissions
could cost up to $10,000 per ton. We believe that the program we are proposing today will be an
efficient and significant step towards reaching attainment and maintenance of the NAAQS.

Highlights of the Benefit-Cost Analysis

We also made an assessment of the monetary value of the health and general welfare
benefits that would result from our proposed standards. This assessment made use of many of
the same data sets, models, and assumptions already used in previous EPA rulemakings. Asa
result, our benefits assessment included methods which have already received review by the
public, other Federal agencies, and/or the independent Science Advisory Board.

In our benefits assessment, we estimated that our proposed standards would, in the long
term, result in the yearly avoidance approximately 800 to 2400 premature deaths, approximately
4700 to 8000 cases of bronchitis, and significant numbers of hospital visits, lost work days, and
an assortment of respiratory ailments. Our proposed standards will also produce welfare benefits
relating to agricultural crop damage, visibility, and nitrogen deposition in rivers and lakes. The
results indicate that, based on the particular assumptions, models, and data used in this
preliminary benefit-cost analysis, the range of monetary benefits realized after full turnover of
the fleet to Tier 2 vehicles would be approximately 3.3 billion to 19.5 billion dollars per year.
Comparing this estimate of the economic benefits with the adjusted cost estimate indicates that
the net economic benefit of the proposed standards to society could be from a net cost of 0.2
billion to a net benefit of 16.0 billion dollars per year. Our benefit-cost analysis should be
considered preliminary due to limitations in the data and models available for analysisin
advance of today’s proposal. Additional, more refined analysis will be conducted prior to
issuance of final standards.
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Chapter I: Introduction

Chapter I: Introduction

The U.S. Environmental Protection Agency (EPA, the Agency) prepared this Regulatory

Impact Analysis (RIA) for its proposed rule on Tier 2 Motor Vehicle Emissions Standards and
Gasoline Sulfur Control Requirements. The purpose of thisRIA isto present EPA’s estimates of
the likely costs, benefits, and industry impacts associated with the implementation of both the
Tier 2 vehicle standards and the gasoline sulfur requirements.

The remainder of this chapter summarizes the background information and provisions of the

proposed rulemaking. Subsequent chaptersin this RIA present the following information:

Chapter Il presents the health and welfare concerns of motor vehicle emissions including,
ozone (and ozone precursors), particulate matter, and carbon monoxide.

Chapter 11 summarizes our analysis of the impact of the Tier 2/Sulfur proposal on
emission inventories, ozone and visibility levels, and air toxics emissions and exposures.

Chapter IV examines the technological feasibility of the proposed Tier 2 exhaust emissions
standards for light-duty vehicles (LDVs) and light-duty trucks (LDTs), aswell asthe
feasibility of removing sulfur from gasoline.

Chapter V talks about the economic impact of the proposed rule, including the impact of
the proposed Tier 2 standards on vehicle costs, the impact of the gasoline sulfur
requirements on gasoline desulfurization costs, and the combined vehicle and fuel costs per
vehicle and nationwide.

Chapter VI discusses the cost-effectiveness of the proposed vehicle and fuel standards.
The analysisin this chapter focuses on the costs and emission reductions associated with a
single vehicle meeting the Tier 2 emissions standards while operating on low sulfur fuel.

Chapter VII analyzes and estimates the economic impact of the proposed standards by
defining and quantifying the various expected consequences and representing those
consequences in terms of dollars. Thisanalysis provides a means for comparing the
expected benefits of the proposed standards to the expected costs.

Chapter VIII concludes this RIA with a presentation of the Initial Regulatory Flexibility
Analysisfor the proposed rule. This anaysis evaluates the impacts of the proposed Tier 2
motor vehicle and gasoline sulfur standards on small businesses.

A. Background

On July 31, 1998, EPA submitted its Tier 2 Report to Congress, aformal report which
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contained the results of its draft Tier 2 Study.? The purpose of the Tier 2 Study was to examine
the appropriateness of requiring more stringent emission standards for new passenger cars and
light-duty trucks. More specifically, EPA was directed by Congress to assessthe air quality
need, technical feasibility, and cost-effectiveness of more stringent motor vehicle emission
standards—emission standards more stringent than federal “Tier 1" standards.

The results of the study indicated that, beginning in 2004, emission reductions will be
necessary to meet and maintain the National Ambient Air Quality Standards (NAAQS) for both
ozone and particulate matter (PM). Air quality modeling showed that during 2007-10, when Tier
2 standards would be fully implemented, several areas in the U.S. would still be in nonattainment
for ozone and PM, even after the implementation of existing emission controls. EPA also found
ample evidence that technologies would be available to meet more stringent Tier 2 standards. In
addition, the Tier 2 Study provided evidence that such standards could be implemented at a cost
(per ton of reduced pollutants) comparable to the costs of other programs designed for similar air
quality problems. Finally, the study identified several additional issuesin need of further
examination, including the relative stringency of car and light truck emission standards, the
appropriateness of identical versus different standards for gasoline and diesel vehicles, and the
effects of sulfur in gasoline on vehicle catalyst efficiency.

On May 1, 1998, EPA released its Staff Paper on Gasoline Sulfur 1ssues which presented its
understanding of the impact of gasoline sulfur on emissions from motor vehicles and explored
what gasoline producers and automobile manufacturers could do to reduce sulfur’ simpact on
emissions. The staff paper noted that gasoline sulfur is a catalyst poison and that high sulfur
levelsin commercial gasoline could affect the ability of future automobiles to meet more
stringent standards in use. It also pointed out that sulfur control would provide additional
benefits by lowering emissions from the current fleet of vehicles.

Based on the statutory requirements described above and the evidence provided in the Tier 2
Study, as updated in the Preamble, EPA is proposing its determination that new, more stringent
emission standards are indeed needed, technologically feasible, and cost effective.

B. Overview of the Proposal

Although the nation’ s air quality isimproving, tens of millions of Americanswill continue
to be exposed to unhealthy air pollution levelsin the future if new emission controls are not
imposed on motor vehicles. EPA istherefore proposing a major, comprehensive program
designed to significantly reduce emissions from passenger cars and light trucks (including sport-
utility vehicles, minivans, and pickup trucks). Under the proposed program, automakers would
produce vehicles designed to have very low emissions when operated on low-sulfur gasoline,

& 0n April 28, 1998, EPA published a notice of availability announcing the release of a draft of the Tier 2
study and requesting comments on the draft. The final report to Congress included a summary and analysis of the
comments EPA received.
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and oil refiners would provide that cleaner gasoline nationwide. In the proposed rule, EPA
refers to this comprehensive program as the “ Tier 2/Gasoline Sulfur Control Program” or simply
asthe “Tier 2/Sulfur Program.”

1. Vehicle Emission Standards

Today’ s notice proposes new federal emission standards (“ Tier 2 standards") for passenger
cars and light trucks. The program is designed to reduce vehicle emissions of nitrogen oxides
(NOx) and non-methane organic gases (NMOG) (which consist primarily of hydrocarbons (HC)
and volatile organic compounds (VOCs)); NOx and NMOG contribute to the formation of ozone
and particulate matter (PM) which are harmful air pollutants. The program would also, for the
first time, apply the same federal standards to passenger cars and al light trucks (“light LDTS’
and “heavy LDTS").

The proposed Tier 2 standards would reduce new vehicle NOx levels to an average of 0.07
grams per mile (g/mi). For new passenger cars and light LDTSs, these standards would phasein
beginning in 2004, with the standards to be fully phased in by 2007.° For heavy LDTS, the
proposed Tier 2 standards would be phased in beginning in 2008, with full compliance in 2009.
During the phase-in period from 2004-2007, all passenger cars and light LDTs not certified to
Tier 2 standards would have to meet an interim average standard of 0.30 g/mi NOX, equivalent to
the current NLEV standardsfor LDVs.® During the period 2004-2008, heavy LDTs not certified
to Tier 2 standards would phase in an average standard of 0.20 g/mi NOx, with an emissions cap
of 0.60 g/mi NOx.

Manufacturers would be allowed to comply with the very stringent proposed new standards
in aflexible way, assuring that the average emissions of a company’s production met the target
emission levels while allowing the manufacturer to choose from several more- and less-stringent
emission categories for certification. The proposed requirements al so include more stringent PM
standards, which primarily affect diesel vehicles, and more stringent hydrocarbon controls
(exhaust NMOG and evaporative emissions standards).

2. Gasoline Sulfur Standards

The other magjor part of today’ s proposal would significantly reduce average gasoline sulfur
levels nationwide beginning in 2004, and likely earlier due to the proposed incentive program to

bBy comparison, the NOx standards for the National Low Emission Vehicle (NLEV) program, which will
bein place nationally in 2001, range from 0.30 g/mi for passenger carsto 0.50 g/mi for medium-sized light trucks.
For further comparison, the standards met by today’s Tier 1 vehicles range from 0.60 g/mi to 1.53 g/mi.

“There are a'so NMOG standards associated with both the interim and Tier 2 standards. The NMOG

standards vary depending on which of various individual sets of emission standards manufacturers choose to usein
complying with the average NOx standard. This“bin” approach is described more fully in section IV.B.
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encourage early sulfur reductions. Refiners would generally install advanced refining equipment
to remove sulfur in their refining processes. Importers of gasoline would be required to import
and market only gasoline meeting the proposed sulfur limits. Temporary, |ess stringent
standards would apply to certain small refiners.

EPA is proposing that gasoline produced by refiners and sold by gasoline importers
generally meet an average sulfur standard of 30 ppm and a cap of 80 ppm. The proposed
program builds upon the existing regulations covering gasoline content as it relates to emissions
performance. It includes provisions for trading of sulfur credits, increasing the flexibility
available to refiners for complying with the new requirements. The proposed credit program is
intended to ease compliance uncertainties by providing refiners the flexibility to phase in early
controls in 2000-03 and use credits generated in these years to delay some control to 2006. As
proposed, the program would achieve expected environmental benefits while providing
substantial flexibility to refiners. The effect of the credit program is that those refiners that
participate would have the opportunity for more overall lead-time to attain the final sulfur levels.
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Chapter I1: Health and Welfare Concerns

This chapter describes the public health and welfare concerns associated with the pollutants
impacted by this rulemaking, including ozone, particulate matter, carbon monoxide, air toxics,
and regional haze.

A. Ozone

Ground-level ozone, the main ingredient in smog, is formed by complex chemical reactions
of volatile organic compounds (VOC) and nitrogen oxides (NOx) in the presence of heat and
sunlight. Ozone formsreadily in the lower atmosphere, usually during hot summer wesather.
VOCs are emitted from a variety of sources, including motor vehicles, chemical plants,
refineries, factories, consumer and commercial products, and other industrial sources. VOCs
also are emitted by natural sources such as vegetation. NOx is emitted largely from motor
vehicles, nonroad equipment, power plants, and other sources of combustion.

The science of ozone formation, transport, and accumulation is complex. Ground-level
ozone is produced and destroyed in a cyclical set of chemical reactions involving NOx, VOC,
heat, and sunlight. Asaresult, differencesin NOx and VOC emissions and weather patterns
contribute to daily, seasonal, and yearly differences in ozone concentrations and differences from
city to city. Many of the chemical reactions that are part of the ozone-forming cycle are
sensitive to temperature and sunlight. When ambient temperatures and sunlight levels remain
high for several days and the air isrelatively stagnant, ozone and its precursors can build up and
produce more ozone than typically would occur on a single high temperature day. Further
complicating matters, ozone also can be transported into an area from pollution sources found
hundreds of miles upwind, resulting in elevated ozone levels even in areas with low VOC or
NOx emissions.

Emissions of NOx and VOC are necessary for the formation of ozone in the lower
atmosphere. For example, small amounts of NOx enable ozone to form rapidly when VOC
levels are high, but ozone production is quickly limited by removal of the NOx. Under these
conditions, NOx reductions are highly effective in reducing ozone while VOC reductions have
little effect. Such conditions are called “NOx limited.” Because the contribution of VOC
emissions from biogenic (natural) sourcesto local ambient ozone concentrations can be
significant, even some areas where man-made VOC emissions are low can be NOx limited.

When NOx levels are high and VOC levels relatively low, NOx forms inorganic nitrates but
little ozone. Such conditions are called “VOC limited.” Under these conditions, VOC

4 Carbon monoxide also participates in the production of ozone, albeit at a much slower rate than most
VOC and NOx compounds.
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reductions are effective in reducing ozone, but NOx reductions can actually increase local ozone.
The highest levels of ozone are produced when both VOC and NOx emissions are present in
significant quantities.

Rural areas are almost always NOx limited, due to the relatively large amounts of biogenic
VOC emissionsin such areas. Urban areas can be either VOC or NOx limited, or a mixture of
both, in which ozone levels exhibit moderate sensitivity to changesin either pollutant.

Ozone concentrations in an area also can be lowered by the reaction of nitric oxide with
ozone, forming nitrogen dioxide (NO,); as the air moves downwind and the cycle continues, the
NO, forms additional ozone. The importance of this reaction depends, in part, on the relative
concentrations of NOx, VOC, and ozone, all of which change with time and location.

1. Health and Welfar e Effects of Ozone

Based on alarge number of recent studies, EPA hasidentified several key heath effects
caused when people are exposed to levels of ozone found today in many areas of the country.™ 2
Short-term exposures (1-3 hours) to high ambient ozone concentrations have been linked to
increased hospital admissions and emergency room visits for respiratory problems. For example,
studies conducted in the northeastern U.S. and Canada show that ozone air pollution is
associated with 10-20 percent of all of the summertime respiratory-related hospital admissions.
Repeated exposure to ozone can make people more susceptible to respiratory infection and lung
inflammation and can aggravate preexisting respiratory diseases, such as asthma. Prolonged
exposure to ozone can cause repeated inflammation of the lung, impairment of lung defense
mechanisms, and irreversible changes in lung structure, which could lead to premature aging of
the lungs and/or chronic respiratory illnesses such as emphysema and chronic bronchitis.

Children are most at risk from ozone exposure because they typically are active outside,
playing and exercising, during the summer when ozone levels are highest. For example, summer
camp studiesin the eastern U.S. and southeastern Canada have reported significant reductionsin
lung function in children who are active outdoors. Further, children are more at risk than adults
to ozone exposure because their respiratory systems are still developing. Adults who are
outdoors and moderately active during the summer months, such as construction workers and
other outdoor workers, also are among those most at risk. These individuals, as well as people
with respiratory illnesses such as asthma, especially asthmatic children, can experience reduced
lung function and increased respiratory symptoms, such as chest pain and cough, when exposed
to relatively low ozone levels during periods of moderate exertion.

Several recent studies have shown a possible relationship between exposure to ambient
ozone and premature mortality. This literature has been evolving rapidly. Of the 28 time-series
epidemiology studies identified in the literature that report results on a possible association
between daily ozone concentrations and daily mortality®, 21 were published or presented since
1995. In particular, aseries of studies published in 1995 through 1997 (after closure on the
current ozone NAAQS Criteria Document) from multiple cities in western Europe has increased
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significantly the body of studies finding a positive association. Fifteen of the 28 studies report a
statistically significant relationship between ozone and mortality; the more recent studies tended
to find statistical significance more often than the earlier studies. The ozone-mortality datasets
also have tended to become larger in more recent studies, aslonger series of air quality
monitoring data have become available over time. This suggests that it may take many years of
data before the ozone effect can be separated from the daily weather and seasonal patterns with
which it tends to be correlated.

In 1997, as a part of the Regulatory Impact Analysis (RIA) for the ozone NAAQS
promulgation, EPA staff reviewed this recent literature. They identified nine studies that met a
defined set of selection criteria, and conducted a meta-analysis of the results of the nine studies.
(U.S. EPA, 1997). See Chapter VI1.C.3.a. for afurther discussion of this meta-analysis.

In addition to human health effects, ozone adversely affects crop yield, vegetation and forest
growth, and the durability of materials. Because ground-level ozone interferes with the ability of
aplant to produce and store food, plants become more susceptible to disease, insect attack, harsh
weather and other environmental stresses. Ozone causes noticeable foliar damage in many
crops, trees, and ornamental plants (i.e., grass, flowers, shrubs, and trees) and causes reduced
growth in plants. Studiesindicate that current ambient levels of ozone are responsible for
damage to forests and ecosystems (including habitat for native animal species). Ozone
chemically attacks elastomers (natural rubber and certain synthetic polymers), textile fibers and
dyes, and, to alesser extent, paints. For example, elastomers become brittle and crack, and dyes
fade after exposure to ozone.

VOC emissions are detrimental not only for their role in forming ozone, but aso for their
roleasair toxics. Some VOCs emitted from motor vehicles are toxic compounds. At elevated
concentrations and exposures, human health effects from air toxics can range from respiratory
effects to cancer. Other health impacts include neurological, developmental and reproductive
effects. Chapter 111 contains more information about air toxics.

Besides their role as an ozone precursor, NOx emissions produce awide variety of health
and welfare effects.® These problems are caused in part by emissions of nitrogen from motor
vehicles. Nitrogen dioxide can irritate the lungs and lower resistance to respiratory infection
(such asinfluenza). NOx emissions are an important precursor to acid rain and may affect both
terrestrial and aquatic ecosystems. Atmospheric deposition of nitrogen leads to excess nutrient
enrichment problems (“eutrophication”) in the Chesapeake Bay and several nationally important
estuaries along the East and Gulf Coasts. Eutrophication can produce multiple adverse effects
on water quality and the aguatic environment, including increased algal blooms, excessive
phytoplankton growth, and low or no dissolved oxygen in bottom waters. Eutrophication also
reduces sunlight, causing losses in submerged aquatic vegetation critical for healthy estuarine
ecosystems. Deposition of nitrogen-containing compounds also affects terrestrial ecosystems.
Nitrogen fertilization can alter growth patterns and change the balance of speciesin an
ecosystem. In extreme cases, this process can result in nitrogen saturation when additions of
nitrogen to soil over time exceed the capacity of plants and microorganisms to utilize and retain
the nitrogen.
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Elevated levels of nitratesin drinking water pose significant health risks, especially to
infants. Studies have shown that a substantial rise in nitrogen levelsin surface waters are highly
correlated with human-generated inputs of nitrogen in those watersheds.® These nitrogen inputs
are dominated by fertilizers and atmospheric deposition.

Nitrogen dioxide and airborne nitrate also contribute to pollutant haze, which impairs
visibility and can reduce residential property values and tourism revenues. Section 11.D. further
describes information about visibility impairment and regional haze.

B. Particulate Matter

Particulate matter (PM) is the general term for the mixture of solid particles and liquid
dropletsfound in the air. Particulate matter includes dust, dirt, soot, smoke, and liquid droplets
that are directly emitted into the air from natural sources (such as windblown dust and fires) and
manmade sources (such as motor vehicles, construction sites, factories, and driving on unpaved
roads). Secondary PM isformed in the atmosphere through a number of physical and chemical
processes that transform gases such as sulfur dioxide, NOx, and VOC into particles.

Particulate matter is distinguished between larger or "coarse” particles (larger than 2.5
micrometers) and smaller or "fine" particles (smaller than 2.5 micrometers). The characteristics,
sources, and potential health effects of coarse and fine particles are very different. Coarse
particles primarily come from natural sources, such as windblown dust and sea salt. They
remain in the atmosphere arelatively short period of time. Fine particles primarily consist of
secondary particles formed by gaseous emissions and often come from human sources, such as
industrial and residential combustion, vehicle exhaust, and agriculture (including silvicultural
prescribed burning). Fine PM consists primarily of sulfate-based particles (produced from sulfur
oxides (SOx)), nitrate-based particles (produced from NOX), and carbon-based particles emitted
directly from combustion processes and created through transformation of VOC emissions.
Particles directly emitted from motor vehicles, and those formed by the transformation of motor
vehicle gaseous emissions, tend to be in the fine particle range.

The formation and fate of secondary PM involves complex processes which are sensitive to
sunlight, temperature, humidity, and other reactants. SOx, NOx, and VOC emissions are
photochemically oxidized and react with water vapor to form sulfuric and nitric acids.® Sulfuric
acid reacts with ammoniato form mostly ammonium sulfate and some ammonium bisulfate,
while nitric acid reacts with ammonia to form ammonium nitrate. Ammoniagasis emitted from
biogenic sources and biomass burning, both natural and anthropogenic. If anmoniaisin limited
supply, it will react to form sulfate rather than nitrate since sulfuric acid has a higher chemical
affinity for ammonia than does nitric acid. Furthermore, ammonium nitrate reacts with ammonia
and nitric acid in an equilibrium reaction, so nitric acid removal processes such as dry deposition
will also lower the concentration of nitrate PM.

®Sulfuric acid is a particulate, while nitric acid is a gas at ambient conditions.
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Asaresult, amuch higher fraction of SOx is converted to PM than is the case for NOx.
Conversion rates vary depending on local meteorology and the amount of ammonia, NOx, and
SOx in the local atmosphere. However, mobile sources reasonably can be estimated to
contribute to ambient secondary sulfate and nitrate in proportion to their contribution to total
NOx and SOx emissions in a given area geographically.

Mobile sources are significant producers of carbonaceous PM, which consists largely of
elemental carbon directly emitted by diesal vehicles and poorly maintained gasoline vehicles.
Secondary carbonaceous PM results when VOCs or their photochemical reaction products
adsorb to existing particles.

In the eastern U.S., based on limited monitoring data, sulfate is the largest single component
of fine PM, closely followed by carbonaceous PM. Nitrate is the third-largest component of fine
PM, accounting for roughly 10 percent of the total. Most of therest is soil dust. In the West,
again based on limited monitoring data, carbonaceous PM is generally the largest fraction of fine
PM. Sulfate forms asmaller fraction of fine PM than in the East, probably because SOx
emissions are lower. Sulfate still comprises alarger fraction of the total than nitrate, however,
except in parts of California. Soil dust is a more important component of fine PM in the West
than in the East, but is still smaller than nitrate in most places. Throughout the U.S,, rural areas
have lower fine PM levels than urban aress.

1. Health and Welfare Effects of Particulate M atter

Scientific studies have linked particulate matter (alone or in combination with other air
pollutants) with a series of health effects.” Coarse particles can accumulate in the respiratory
system and aggravate health problems such as asthma. Fine particles penetrate deeply into the
lungs and are more likely than coarse particles to contribute to a number of the health effects.
These health effects include premature death and increased hospital admissions and emergency
room visits, increased respiratory symptoms and disease, decreased lung function, and aterations
in lung tissue and structure and in respiratory tract defense mechanisms. Children, the elderly,
and people with cardiopulmonary disease, such as asthma, are most at risk from these health
effects. Chapter 11 contains a discussion of the toxic health effects from particulate matter in
diesel fuel exhaust.

Particul ate matter also causes a number of adverse effects on the environment. Fine
particulate matter is the major cause of reduced visibility in parts of the U.S., including many of
our national parks and wilderness areas. (Section I1.D. further describes visibility impairment
and regional haze). Other environmental impacts occur when particles deposit onto soil, plants,
water, or materials. For example, particles containing nitrogen and sulfur that deposit onto land
or water bodies may change the nutrient balance and acidity of those environments, leading to
changes in species composition and buffering capacity.

Particles that are deposited directly onto leaves of plants can, depending on their chemical
composition, corrode leaf surfaces or interfere with plant metabolism. When deposited in
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sufficient quantities, such as near unpaved roads, tilled fields, or quarries, particles block
sunlight from reaching the leaves, stressing or killing the plant. Finally, particul ate matter
causes soiling and erosion damage to materials, including culturally important objects, such as
carved monuments and statues.

C. Carbon Monoxide

Carbon monoxide (CO) is a colorless, odorless gas produced though the incomplete
combustion of carbon-based fuels. Carbon monoxide enters the bloodstream through the lungs
and reduces the delivery of oxygen to the body’ s organs and tissues. The health threat from CO
ismost serious for those who suffer from cardiovascular disease, particularly those with angina
or peripheral vascular disease. Healthy individuals also are affected, but only at higher CO
levels. Exposure to elevated CO levelsis associated with impairment of visual perception, work
capacity, manual dexterity, learning ability and performance of complex tasks.

Several recent epidemiological studies have shown alink between CO and premature
mortality and morbidity (including angina, congestive heart failure, and other cardiovascular
diseases). EPA currently isin the process of reviewing these studies as part of the CO Criteria
Document process.

Since 1979, the number of areas in the nation violating the CO NAAQS has decreased by a
factor of almost ten, from 48 areasin 1979 to five areas (covering seven counties) in 1995 and
1996. In 1997, three counties, with atotal population of nine million people, failed to meet the
CO standard.

In addition to the substantial decrease in the number of areas wherethe NAAQS is
exceeded, the severity of the exceedances also has decreased significantly. Nationally, CO
concentrations decreased 38 percent during the past 10 years." From 1979 to 1996, the measured
atmospheric concentrations of CO during an exceedance decreased from 20-25 ppm at the
beginning of the period to 10-12 ppm at the end of the period. Expressed as a multiple of the
standard, atmospheric concentration of CO during an exceedance was two to almost three times
the standard in 1979. By 1996, the CO levels present during an exceedance decreased to 10-30
percent over the nine ppm standard.

Unlike the case with ozone and PM, EPA has not made any recent comprehensive
projections of future ambient CO levels and attainment and maintenance of the CO NAAQS.
However, section 202(j) of the CAA requires a separate study of the need for more stringent cold
CO standards. EPA is currently conducting this study.

"This value of the CO concentration decrease is measured by the composite average of the annual second
highest 8-hour concentration.
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D. Visbility and Regional Haze

Visibility impairment is the haze that obscures what we see, and is caused by the presence
of tiny particlesin the air. These particles cause light to be scattered or absorbed, thereby
reducing visibility. Visibility impairment, also called regional haze, isacomplex problem that
relates to several pollutants. Visibility in our national parks and monuments, and many urban
areas of the country, continues to be obscured by regiona and local haze.

The principle cause of visibility impairment is fine particles, primarily sulfates, but also
nitrates, organics, and elemental carbon and crustal matter. Particles between 0.1 and one
micrometersin size are most effective at scattering light, in addition to being of greatest concern
for human health. Of the pollutant gases, only NO, absorbs significant amounts of light; itis
partly responsible for the brownish cast of polluted skies. However, it isresponsible for less
than ten percent of visibility reduction.

In the eastern U.S., reduced visibility is mainly attributable to secondary particles,
particularly those less than afew micrometers in diameter. Based on data collected by the
Interagency Monitoring of Protected Visua Environments (IMPROVE) network for visibility
monitoring, sulfate particles account for about 50-70 percent of annual average light extinction
in eastern locations. Sulfate plays a particularly significant role in the humid summer months,
most notably in the Appalachian, northeast, and mid-south regions. Nitrates, organic carbon, and
elemental carbon each account for between 10-15 percent of total light extinction in most
eastern locations. Rural areasin the eastern U.S. generally have higher levels of impairment
than most remote sites in the western U.S., generally due to the eastern U.S.’ s higher levels of
man-made pollution, higher estimated background levels of fine particles, and higher average
relative humidity levels.

The relative contribution of individual pollutants to visibility impairment vary
geographically. While secondary particles still dominate in the West, direct particulate emissions
from sources such as woodsmoke contribute alarger percentage of the total particulate load than
inthe East. Inthe rural western U.S., sulfates also play a significant role, accounting for about
2540 percent of total light extinction in most regions. In some areas, such as the Cascades
region of Oregon, sulfates account for over 50 percent of annual average light extinction.
Organic carbon typically is responsible for 15-35 percent of total light extinction in the rural
western U.S. and elemental carbon (absorption) accounts for about 15-25 percent, so the total
carbonaceous contribution is between 30 and 60 percent. Soil dust (coarse PM) accounts for
about 10-20 percent. Nitrates typically account for less than 10 percent of visibility
impairment.?

The CAA requires EPA to protect visibility, or visual air quality, through a number of
programs. These programs include the national visibility program under sections 169a and 169b
of the Act, the Prevention of Significant Deterioration program for the review of potential
impacts from new and modified sources, and the secondary NAAQS for PM,, and PM,.. The
national visibility program established in 1980 requires the protection of visibility in 156
mandatory Federal Class | areas across the country (primarily national parks and wilderness
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areas). The CAA established as a national visibility goal, “the prevention of any future, and the
remedying of any existing, impairment of visibility in mandatory Federal class| areasin which
impairment results from manmade air pollution.” The Act also callsfor state programs to make
“reasonable progress’ toward the national goal. 1n July 1997, EPA proposed a program to
address regional haze in the nation’s most treasured national parks and wilderness areas (see 62
FR 41137, July 31, 1997).

Since mobile sources contribute to visibility-reducing PM, control programs that reduce the
mobile source emissions of direct and indirect PM will have the effect of improving visibility.
Western Governors, in commenting on the Regional Haze Rule and on protecting the 16 Class |
areas on the Colorado Plateau, stated that, “...the federal government must do its part in
regulating emissions from mobile sources that contribute to regional haze in these areas...” and
called on EPA to make a “binding commitment to fully consider the Commission’s
recommendations related to the ... federal national mobile source emissions control strategies’,
including Tier 2 vehicle emissions standards.” The Grand Canyon Visibility Transport
Commission’s report found that reducing total mobile source emissionsis an essential part of
any program to protect visibility in the Western U.S.*° The Commission identifies mobile source
pollutants of concern as VOC, NO,, and elemental and organic carbon.
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Chapter I11: Environmental | mpact

A. Inventory Impactsof Tier 2/Sulfur

Today’ s proposal, if adopted, would reduce NOx, VOC, particulate, SOx, carbon
monoxide, and hazardous air pollutant emissions from cars and light trucks by lowering the
VOC, NOx, and PM emission standards for these vehicles and requiring that gasoline sulfur
levels be reduced. Over time, the projected benefits of today’ s proposal would grow as vehicles
meeting the new standards replace older, higher-emitting vehicles and as total VMT continues to
grow. The results of our analysis of light-duty inventory levels with and without today’ s action
are presented and discussed for each pollutant in the following sections. In all cases, “without
Tier 2/Sulfur” refersto continuation of National LEV on in-use fuel as currently specified; sulfur
levels for Conventional Gasoline are estimated at 330 ppm, summertime Phase 2 RFG levels are
estimated at 150 ppm (i.e., baseline case). “With Tier 2/Sulfur” refers to implementation of a 30
ppm sulfur standard nationwide in 2004 and the phase-in of NOx, VOC, and PM standards
proposed under today’ s action (i.e., control case).?

For this proposal, EPA developed new inventory projections for the United States excluding
California, Alaska, and Hawaii." These inventory projections can be divided into three major
types of sources for the purpose of describing the methodol ogies used: stationary and area
sources, nonroad mobile sources, and highway motor vehicles. To assess air quality need and
the impact of today’ s proposal on urban areas, separate inventory analyses were also performed
on four high ozone cities. New Y ork, Chicago, Atlanta and Charlotte. Inventory estimates for
each city were developed using the same data sources as the 47-state inventory discussed below,
except where noted. Comprehensive inventories (47-state and four city) are presented in
Appendix A with and without Tier 2/sulfur control, in 2005 (47-state only), 2007, 2010, 2015,
2020 and 2030.

These 47-state inventory projections are described more fully in this section. These
projections differ in some respects from the inventory projections used for the ozone analyses
described in Section B.1. and the inventory projections used for the benefit/cost analyses

9Today’ s proposal includes a provision for the averaging, banking and trading (ABT) of sulfur levels which
would allow average sulfur levels to be higher than 30 ppm in 2004/2005 in exchange for sulfur control prior to
2004 (See Section 1V.C.3.c.i of the preamble for adetailed discussion of this program). We expect that overall
emission reductions from the ABT program between 2001 and 2005 would be consistent with implementation of 30
ppm in 2004 without prior sulfur reduction, and hence assumed the latter schedule for the control case results
presented here.

"The 47-state region comprised of the U.S. minus California, Alaskaand Hawaii is interchangesbly referred
to as “nationwide” throughout this section. Although excluded from this analysis, emission reductions will be
realized in each of these states. Today’s action applies fully to Alaska, Hawaii, and U.S. territories; California,
although subject to a separate vehicle and fuel control program, will benefit from lower-emitting Federal vehicles
migrating to and/or traveling within the state, as well as California vehicles operating on cleaner non-California fuel.
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described in Chapter VII. The methods used to devel op the inventory projections presented in
this section are described below. Subsequently, the differences between those methods and the
methods used to develop the inventories used for the ozone analyses and benefit/cost analyses
are described.

The 47-state inventory projections include updated emission estimates for the stationary,
area, nonroad, and highway mobile source sectors.! For stationary and area sources, we relied on
aset of 47-state projection inventories developed for this analysis by E.H. Pechan and
Associates. Pechan used state inventories developed for the Regional Ozone Transport Rule
(ROTR, 63 FR 57356, October 27, 1998) and Trends inventories for the non-OTAG states to
develop abase year stationary and area source inventory. For sources not covered by emissions
caps, the total emissions were grown using BEA-based growth factors. Emissionsfor large
electric utilities were held constant at projected 2005 levels, consistent with emissions cap
requirementsin OTAG states and projections of shiftsin types of fuel used in other states.

For nonroad mobile sources (except locomotives, aircraft, and commercial marine), we
developed 47-state emission inventories using EPA’s Draft NONROAD emissions model. This
model is asignificant update in data sources and methodol ogies compared to the NEVES
inventories which have been the basis for nonroad emission estimates since 1992. Although
NONROAD has only been released in draft form, the emissions estimation data and methods
incorporated in it represent our most recent analysis of nonroad emission levels. For this reason,
we chose to use the draft NONROAD model to develop our nonroad mobile source emission
estimates used to evaluate the impact of the Tier 2/Sulfur proposal on emission inventories. The
methods and data used in NONROAD are also consistent with the methods and data used in
recent EPA proposed and final rules on nonroad engine standards and the nonroad emissions
projections used here reflect al final and proposed standards for nonroad engines and equipment.
Growth estimatesin NONROAD are based on alinear projection of historical populations of
nonroad equi pment.

Because NONROAD does not yet include locomotives, aircraft, or commercial marine
vessels, we had to use different sources to project emission inventories for these sources.
Estimates of projected locomotive emissions were based on estimatesin EPA’s Final Rule on
locomotive standards, adjusted to reflect the 47-state basis of the inventory described above.
Commercial marine emissions were based on estimatesin EPA’s proposed commercial marine
rule. Aircraft emissions estimates were based on Trends estimates adjusted to reflect a 47-state
basis and grown using FAA growth estimates.

The most critical piece of our 47-state inventory analysisis the light-duty on-highway
vehicleinventory. We are in the process of updating the on-highway mobile source emission
factor models MOBILE (NOx, VOC and CO) and PART (PM and SOx), and the latest versions
of these models (MOBILE6 and PART6) are not yet available. However, many of the modified
inputs and assumptions which will be used in these models have at |east been developed in draft
form; thus, we were able to develop an up-to-date assessment of light-duty vehicle and truck
emission inventory for today’s proposal using a model which incorporated available elements
which have or will be proposed as part of the MOBILE6 and PART6 models. This model,
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referred to asthe Tier 2 Model', reflects updated assessments of in-use emission deterioration
and off-cycle emissions, fuel sulfur impacts, and the increase in truck sales relativeto cars. The
model also reflects existing national and local motor vehicle control programs including National
LEV (NLEV), Supplemental Federal Test Procedure (SFTP), On-Board Diagnostics (OBD),
reformulated gasoline (RFG) and Inspection/Maintenance (I/M) programs. We used this model
to develop baseline emission estimates assuming that NLEV program continued in perpetuity
(.e., that there would be no Tier 2/Sulfur standards implemented) and to develop emission
estimates for various control scenarios.?

The 47-state nonexhaust VOC emission inventory was developed using MOBILESb, since
MOBILES estimates of evaporative emissions were not available at the time of the analysis.
However, we incorporated available elements of MOBILEG where possible, including mileage
accumulation, VMT mix, and age distribution.®> A modified version of MOBILE5b was also
devel oped to estimate the benefits of today’ s proposed evaporative standards.*

47-state inventory estimates for heavy-duty gasoline, heavy-duty diesel and motorcycles
also incorporated available aspects of MOBILE6 and PART®6, including new base emission
rates, defeat device emissions for heavy-duty diesel vehicles, off-cycle emissions, mileage
accumulation and age distribution. New standards recently finalized for heavy-duty diesel
vehicles were accounted for in these inventories, as were standards expected to be proposed for
heavy-duty gasoline vehicles.>®

To generate inventory projections, we needed to combine the on-highway emission factors
generated using the Tier 2 Model or other means described above with estimates of on-highway
vehicle milestraveled (VMT). For our 47-state inventory analysis, VMT estimates through 2010
were based on EPA’ s Trends Report through 2010. Beyond 2010, we developed VMT estimates
for light-duty cars and trucks based on current trendsin VMT growth as reported by NHTSA.
From 2010 through 2015, we project that 47-state light-duty VMT will grow at arate of 2.1
percent per year compounded; beyond 2015, we estimate VMT growth will be reduced to a
linear 2.1 percent per year (i.e, 2.1 percent of 2015 VMT added incrementally in successive
years). Projected 47-state VMT levels for heavy-duty gasoline and diesel vehicles were
developed based on data from EPA’ s Trends Report.

Consistent with EPA’s Trends Report, the 47-state inventory estimates were devel oped on
the basis of annual tons emitted. Annual VMT estimates were used in conjunction with emission
factors which reflected seasonal fuel control (i.e., low sulfur RFG in the summer only). Because
of limitationsin the Tier 2 Model, however, seasonal temperature adjustments were not made.

' The Tier 2 Model isthe next generation of Modified MOBILESb (T2AT), the inventory model used in the
Tier 2 Study. Since the study, the model has been transferred to a Microsoft Excel platform, updated extensively
and expanded to include SOx and PM emissions. The development of this model and generation of light-duty
inventory results presented in this section are outlined in the technical report “Development of Light-Duty
Emissions Inventory Estimates in the Notice of Proposed Rulemaking for Tier 2 and Sulfur Standards’ contained in
Docket No. A-97-10. The Tier 2 Model is being made available in concurrence with the publication of today’s
proposal.
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Thus, the annual tonnages developed for the 47-state inventories are annual tonnages assuming
summertime temperatures year-round. The effect of using summertime conditions to estimate
year-round emissions is to understate annual NOx emissions by about seven percent. Estimates
of NOx emission reductions from changes in standards will be similarly underestimated. EPA
does not consider this small error to be material.

The urban (four-city) analysis was performed on the basis of summertime (May through
September) emissions. Stationary and area source inventories were provided by E.H. Pechan
and Associates and were based on state inventories devel oped for the Regional Ozone Transport
Rule (ROTR). Emissions from nonroad equipment were estimated using the NONROAD model,
which includes the capability to allocate emissions to the county level. For nonroad equipment
not included in the NONROAD model (locomotives, aircraft, and commercial marine) we did
not have enough information to directly allocate the 47 inventories described above down to the
county level for these urban areas. However, E.H. Pechan has calculated national and local
inventories for these categories and areas using older assumptions about future emissions
standards. We used those older inventories to calculate the proportion of national emissions
from locomotives, aircraft, and commercial marine enginesin the four urban areas. We then
applied those proportions to the our newer national inventories for the three categories to
estimate emissions for locomotives, aircraft, and commercial marine engines in the four urban
areas using our latest assumptions about the effects of new standards.

Summertime VMT estimates for each area used in generation of OTAG inventories were
provided by Pechan for 1995 and 2007; in order to more closely match localized VMT growth
trends, the values were linearly interpolated between these years, and extrapolated linearly
beyond 2007. Emission factors for highway vehicles were derived using the same methods
described above for the 47-state inventories, but with local specific inputs, such as /M programs
or reformulated gasoline, where applicable.

The emission inventories used for the ozone analyses described in Section B. 1. of this
chapter and the benefit/cost analyses described in Chapter V11 were developed prior to the 47-
state inventory described in this section. The ozone analysis and benefit/cost analysis
inventories differ from one another and from the 47-state inventoriesin several respects. It
should be noted, however, that we used the emission inventory analyses described in this section
to determine the change in emissions from the proposed Tier 2/Sulfur standards for both of these
analyses.

The inventories used for the ozone modeling are described more fully in Section B.1. To
develop the car and light truck baseline inventories (the inventories that would result if the Tier
2/Sulfur proposal were not adopted), we used the car and light truck inventories developed for
the ROTR; these inventories were based on MOBILES inputs and emission factors. To estimate
the change in emissions from cars and light trucks that would occur if the proposed Tier 2/Sulfur
standards were implemented, we used the same methods used to devel op the 47-state emission
inventories (as described in this section). Theinventories for highway heavy-duty engine
emissions and nonroad emissions were based on the emission modeling tools that were available
to the Ozone Transport Assessment Group (OTAG) and were used during that process and the
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subsequent rulemaking process that resulted in promulgation of the ROTR. The highway heavy-
duty engine emissions were based on MOBILES inputs and emission factors; the nonroad
emissions were based on NEVES inputs.

The benefit/cost analyses described in Chapter VII used an even earlier set of estimates for
highway, nonroad, and stationary and area source emissions that was devel oped before the
ROTR was proposed or promulgated. These estimates were developed using the emission
modeling tools available at the time the Regulatory Impact Analyses for the revised ozone and
PM NAAQS rules were developed.” The inventories used in the benefit/cost analyses are
described more fully in Chapter VII.

1. NOx
a. Light-Duty NOx TrendsWithout Tier 2/Sulfur

Total NOx emissions produced annually in the 47 states by cars and trucks without Tier
2/Sulfur controls are shown in Table I11-1 and Figure 111-1, broken down by relative contribution
of cars (light-duty vehicles, or LDVs), LDT1sand 2s (light pickup trucks, minivans and most
gport utility vehicles), and LDT3s and 4s (heavier pickup trucks and sport utility vehicles). As
shown, total light-duty emissions decline from approximately 3.9 million tons to 3.0 million tons
between 2000 and 2010 due to turnover of Tier 1 and NLEV vehicles and the phase in of off-
cycle standards (SFTP). By 2014, however, the effect of these control programs beginsto be
offset by increasesin overal VMT, in conjunction with the shift of VMT from cars to trucks.
Light-duty emissions increase to 3.2 million tons by 2020 and 3.8 million tons by 2030, such that
the gainsfrom the Tier 1, NLEV and SFTP control programs are amost completely eradicated
by VMT growth.
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demonstrated in the preceding figure. 1n 2000, we project that trucks will produce 50 percent of
overall NOx emissions. Over the next 30 years, trucks will grow to dominate light-duty NOx
emissions due to the combined effects of sales migration, higher mileage accumulation rates,
longer lifespan, and more relaxed emission standards relativeto LDVs. By 2010, we project
trucks will make up two-thirds of light-duty NOx emissions; by 2020, nearly three-quarters of all
light-duty NOx emissions will be produced by trucks. Asshown in FigureIll-1, the decreasein
overall light-duty emission levelsis due solely to reductionsin LDV emissions. The benefits
from Tier 1, NLEV and SFTP are not as pronounced for trucks, and are offset almost
immediately by growth intruck VMT. Asaresult, truck emissions are stable through 2010 and
begin increasing steadily beyond thisas VMT growth overtakes the gains from existing control
programs.

The emission trends for the four urban areas we analyzed show similar behavior.
Although the presence of localized control programs (I/M and in some cases, RFG) do serveto
delay the upturn in light-duty emissions, they are not sufficient to counteract the effects of VMT
growth. Asshownin Tablelll-2, light-duty emissions decrease steadily in each city through
2010. Emission trends beyond 2010 depend on the rate of VMT growth in each city. In New
Y ork, which is projected to have relatively low VMT growth, emissions continue to decrease
steadily through 2015 before leveling off and then turning upwards by 2017. In Chicago,
Atlanta, and Charlotte, emissions begin to level off by 2010. Emissions start to increasein 2017
in Chicago, 2015 in Atlanta, and 2013 in Charlotte. For the latter two cities, emissions increase
at arapid rate beyond these years. We project that Atlanta’s emission reductions achieved from
programs currently in place will be amost fully offset by rapid VMT growth by 2030, while we
project Charlotte’ srapid VMT growth to cause emissions in 2030 to be over 10 percent higher
than in 2000.

Tablell1-2. Four-City Light-Duty NOx Emissions Without Tier 2/Sulfur (Summer Tons)

Year New York Chicago Atlanta Charlotte
2000 78,287 37,037 33,267 4,714
2004 66,857 32,314 30,912 4,526
2007 57,753 28,399 28,313 4,230
2010 51,811 25,958 26,846 4,081
2015 47,634 24,440 26,384 4,109
2020 48,033 25,080 27,721 4,402
2030 52,280 28,165 32,018 5,239

Figures111-2 and 111-3 show our projections of the contribution of light-duty vehicles and
trucks to the total NOx inventory (i.e., NOx emission from all sources, including stationary, area,
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nonroad) in the 47 states and in Atlanta, in 2020. Table 111-3 shows this same contribution
across the 47 states and all four cities from 2007 through 2030. Across the 47 states, cars and
trucks produce nearly one-fifth of total NOx emissions across all years. In urban areas, however,
this contribution can be significantly higher. Atlanta provides the most striking example of this;
we project that roughly 40 percent of all NOx emissions will be produced by cars and trucks
through 2030. While less than Atlanta, the light-duty contribution in New Y ork is significantly
higher than the national estimates; from 2007 through 2030, we project that 27 to 29 percent of
al emissionsin thisareawill be produced by light-duty cars and trucks. We estimate the
contribution in Chicago and Charlotte to be slightly higher but comparable to the 47-state
estimate of one-fifth of the total NOx inventory.

Light-duty NOx contribution in urban areas is generally higher than the 47-state region
because of the increased concentration of VMT, in conjunction with the decreased preval ence of
significant NOx contributors which are largely in non-urban areas (primarily utilities and
agricultural nonroad sources). We expect that this trend will be consistent across many high-
0zone urban aress.
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Figurelll-2: Breakdown of Total 2020 47 State NOx Inventory Without Tier 2
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Figurelll-3. Breakdown of Total 2020 Atlanta NOx Inventory Without Tier 2
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Tablelll-3. Light-Duty Contribution to Total NOx Inventory Without Tier 2/Sulfur

Year

47-state

New York

Chicago

Atlanta

Charlotte

2007

17%

29%

19%

38%

18%

2010

17%

28%

18%

38%

19%

2015

17%

27%

18%

39%

19%

2020

18%

27%

19%

40%

21%

2030

20%

28%

19%

42%

22%

b.

NOx ReductionsDue To Tier 2/Sulfur

Today’ s proposal would provide substantial reductions in NOx emissions from cars and
trucks. The implementation of low sulfur fuel in 2004 would afford an immediate drop in NOx
emissions, while the phase-in of tighter vehicle standards would continue to reduce emissions
over time, serving to mitigate through at least 2030 the projected upward trend in light-duty
NOx emissions that would occur with no control. Table I11-4 contains annual tons of NOx we
project would be reduced by today’ s proposal, encompassing benefits of low sulfur fuel and the
introduction of Tier 2 light-duty vehicle and light-duty truck standards. Figure I11-4 shows
annual 47-state light-duty NOx emissions with implementation of the Tier 2/Sulfur program,
broken down by LDV, LDT1/2 and LDT3/4 categories.

Tablelll-4. 47-State Light-Duty NOx Reductions Due To Tier 2/Sulfur (Annual Tons)

Light-Duty Light-Duty Emissions Pga(;?t R?ductlton n

Year | EmissionsWithout | EmissionsWith Ihe Inventory
Tier 2/Sulfur Tier 2sulfur | Reduced -
Light-Duty All Sources*

2004 3,539,655 3,037,144 502,511 14%
2007 3,218,530 2,422,796 795,734 25% 4%
2010 3,041,639 1,859,316 1,182,323 39% 7%
2015 3,020,806 1,241,925 1,778,881 59% 10%
2020 3,221,151 1,023,038 2,198,113 68% 12%
2030 3,790,840 1,004,495 2,786,345 74% 15%

* |ncludes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control
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Figurelll-4. 47-State Light-Duty NOx Emissions With Tier 2/Sulfur (Annual Tons)

As shown, the implementation of reduced sulfur levelsin 2004 would result in an
immediate benefit of over one-half million tons, a 14 percent drop in uncontrolled 2004 light-
duty emissions; thisis the equivalent of emissions produced by over 26 million pre-Tier 2 cars
and trucks.*® In 2004, nearly all of the benefits would be due to reduced emissions from Tier O,
Tier 1 and NLEV vehicles.

After 2004, emission are reduced further as the fleet turns over to predominantly Tier 2
vehicles operating on low sulfur fuel, versus NLEVs and Tier 1 trucks operating on current in-
use sulfur levels. By 2020, the projected benefit represents a two-thirds reduction in 2020 light-
duty emissions without Tier 2/Sulfur, equivalent to the emissions from over 166 million pre-Tier
2 cars and trucks. NOx emissions from all sources would be reduced by 12 percent.

We project that light-duty emissions would continue to decrease beyond 2020, reversing
the upward emissions trend in the baseline case brought on by VMT growth. By 2030,
essentially the entire fleet would consist of Tier 2 vehicles. The projected benefit of 2.8 million
tonsin this year represents a nearly three-quarters reduction in 2030 light-duty emissions without
Tier 2/Sulfur, equivalent to the emissions from 213 million pre-Tier 2 cars and trucks. These
emission reductions would amount to 15 percent of total man-made NOx emissionsin that year

4 .e., vehicles that would be on the road in the absence of Tier 2/Sulfur control.
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in the absence of today’ s proposal.

The estimated percentage reductions in total inventory presented in Table I11-4 include
benefits that would be realized on heavy-duty gasoline vehicles due to sulfur control. We
estimate these heavy-duty emission reductions to be on the order of approximately 30,000 tons

per year for every year starting in 2004, as shown in Appendix A.

NOXx reductions due to today’ s proposal would be of asimilar scope in urban areas.
Table 111-5 shows NOx emissions reduced due to Tier 2/Sulfur control, and light-duty highway
vehicle emissions remaining, for each of the four cities. Table 111-6 presents these reductionsin

terms of the percentage of baseline light-duty and total inventory reduced.

Tablelll-5. Four-City Light-Duty NOx Emissions With Tier 2/Sulfur (Summer Tons)

New York Chicago Atlanta Charlotte

Year

Reduced Remain Reduced Remain Reduced Remain Reduced Remain
2004 7,368 59,489 3,062 29,252 4,550 26,362 666 3,860
2007 12,139 45,614 5,546 22,853 7,346 20,967 1,098 3,133
2010 18,432 33,380 8,915 17,043 10,975 15,871 1,668 2,413
2015 27,544 20,089 14,020 10,421 16,483 9,901 2,567 1,542
2020 33,177 14,857 17,296 7,784 20,188 7,534 3,206 1,196
2030 39,488 12,792 21,259 6,906 25,160 6,857 4,117 1,122
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Tablelll-6. Percent Reduction From Light-Duty and

Total Baseline NOx Emissionsin Four Cities

New York Chicago Atlanta Charlotte
Year Light- All Light- All Light- All Light- Al
Duty Sources* Duty Sources* Duty Sources* Duty Sources*

2004 11% - 9% - 15% - 15%

2007 21% 6% 20% 4% 26% 10% 26% 5%
2010 36% 10% 34% 6% 41% 16% 41% 8%
2015 58% 16% 57% 10% 62% 25% 62% 12%
2020 69% 19% 69% 13% 73% 30% 73% 15%
2030 76% 21% 75% 15% 79% 33% 79% 18%

* |ncludes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control

The magnitude of reductionsin urban areas reflect those nationally. Animmediate
reduction in light-duty emission would result from sulfur control, even in RFG areas (New Y ork
and Chicago). Over one-third of baseline light-duty emissions would be reduced by 2010 in
each city. Light-duty emissions would be reduced by roughly 70 percent in 2020 and over 75
percent in 2030. Reductions in Atlanta and Charlotte are consistently larger in percentage
terms than in New Y ork and Chicago because they are not RFG areas; emission reductionsin
non-RFG urban areas would be particularly large since these areas would tend to have higher-
sulfur fuel than RFG areas in the absence of today’ s proposal. We project that emissions would
continue to decrease through at least 2028 in all four cities, indicating that today’s program
would be successful in reducing light-duty NOx emissions in the face of high VMT growth rates.

The impact on total inventory would also be significant, particularly in New Y ork and
Atlanta. By 2020, we project that the total NOx inventory would be reduced by nearly one-fifth
in New Y ork and one-third in Atlanta due to Tier 2/Sulfur control.

Concurrently, we project that the light-duty contribution to total NOx emissions would
drop significantly. Figures!Il-5and I11-6 show our 2020 projections of this contribution in the
47 states and in Atlantawith Tier 2/Sulfur control. Table I11-7 shows this same contribution
across the 47 states and all four cities from 2007 through 2030. 1n 2020, we project that the
light-duty contribution would drop to seven percent nationally, from 18 percent without Tier
2/Sulfur control. Thistrend issimilar across the four cities, depending on the level of
contribution without Tier 2/Sulfur control. We project that with Tier 2/Sulfur control, car and
truck emissions would contribute 10 percent of total emissionsin New Y ork (down from 27
percent), seven percent in Chicago and Charlotte (down from 19 percent and 21 percent), and 16
percent in Atlanta (down from 40 percent) in 2020.
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Figurelll-5. Breakdown of Total 2020 47-State NOx I nventory With Tier 2/Sulfur
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Figurelll-6. Breakdown of Total 2020 Atlanta NOx Inventory With Tier 2/Sulfur
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Tablelll-7. Light-Duty Contribution to Total NOx Inventory With Tier 2/Sulfur

Year 47 Sate New York Chicago Atlanta Charlotte
2007 14% 24% 16% 31% 14%
2010 11% 20% 13% 27% 12%
2015 8% 14% 9% 20% 8%
2020 7% 10% 7% 16% 7%
2030 6% 9% 6% 13% 6%

C. NOx Emission Reductions From Other Options

We developed 47-state light-duty emission inventory projections for three alternative
vehicle/fuel control options to alow comparison with the emission reductions projected to result
from today’ s action. These alternative options are:

1) Car and truck emission standards and implementation schedule as proposed in today’s
action in conjunction with sulfur control proposed to EPA by the American Petroleum
Institute (API) and National Petroleum Refiners Association (NPRA). Under this plan,
sulfur would be reduced in 2004 to 150 ppm in the eastern half of the U.S,, referred to as
the “APlI NOx Control Region”, and 300 ppm in the remainder of the 49-state region.®

2) Option (1) above with implementation of a“rebuttable” element of the API/NPRA
proposal in which sulfur would be reduced to 30 ppm in 2010 in the APl NOx Control
Region, while the remainder of the country remains at 300 ppm.

3) Sulfur control as proposed in today’ s action in conjunction with the default Tier 2 car
and truck emission standards contained in the Clean Air Act. Under this alternative,
LDVsand LDT1swould be required to meet full useful life emission standards of 0.125
o/mi NMHC and 0.20 g/mi NOx, assumed for this analysisto follow the implementation
schedule for Tier 2 standards contained in today’ s proposal. LDT2swould be subject to
California’ s applicable LEV | standardsin 2004, while LDT3sand LDT4swould remain
at Tier 1levels.

For Options 1 and 2, the effects of sulfur irreversibility were accounted for using the
methodology described in detail in Appendix B. In short, al cars and trucks complying with the
Supplemental Federal Test Procedure (SFTP) were assigned an irreversibility effect of 50

®The API/NPRA fuel proposal is discussed in detail in the Preamble, Section IV.C.1
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percent, meaning that vehicles within the APl NOx Control Region exposed to higher sulfur
levels outside the region would experience a permanent degradation in emissions performance
equivalent to the average of emissions generated on fuel in and outside of the APl Region. It
was assumed that at any given time 25 percent of cars and trucks in the API NOx Control Region
fleet would have traveled outside of the region, and hence been exposed to higher sulfur fuel.f

47-state light-duty NOx emissions projected for these options are shown in Tables I11-8,
in comparison with today’ s proposal. Table 111-9 provide a direct comparison to today’s
proposal in terms of shortfal (i.e., emission reductions “lost” by the three options compared to
today’ s proposal) and total benefits relative to the Tier 2/Sulfur proposal.

Tablell1-8. 47-State Light-Duty NOx Reductions From Alter native Control Options
(Annual Tons)®

. Today's
Option: 1 2 3
P Proposal
Vehicle Program: Proposed Tier 2 Proposed Tier 2 Proposed Tier 2 Clegr;f,;\:]rl tACt
AP API
Fuel Program: Proposed Tier 2 30 ppm API Region Proposed Tier 2
No 30 ppm
2010

2007 795,733 397,886 397,886 611,020
2010 1,182,323 750,100 1,020,812 740,258
2020 2,198,113 1,713,531 2,000,129 1,026,690

"The baseline emission inventory estimates presented here do not account for sulfur irreversibility effectsin
RFG areas. Although vehiclesin these areas will likely experience irreversibility effects due to exposure to higher
sulfur levels during winter months, the overall impact on baseline emissions are expected to be small because @)
LDT2/3/4s are less sensitive to sulfur under NLEV than expected under the standards proposed in today’ s action,
and b) vehicles operating on summertime RFG make up arelatively small portion (less than 15%) of annual VMT in
the 47-state region. Accounting for this effect would serve to increase the estimated benefits of today’ s proposal.

9Although not shown, Options 1 and 2 will also increase emissions from heavy-duty gasoline vehicles
relative to today’ s action due to higher sulfur levels.
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Tablell1-9. NOx Reduction Shortfall From Alternative Control
Options Relative to Today’ s Proposal

Option: 1 2 3
Vehicle Program: Proposed Tier 2 Proposed Tier 2 Clean Air Act Default
! API API )
Fuel Program No 30 ppm 30 ppm API Region 2010 Proposed Tier 2
Benefit Benefit Benefit
Year ?A(r)]rntzzlll Relative to ?;\?ELZ” Relative to ?;\?ELZ” Relative to
Tons) Tier 2/Qulfur Tons) Tier 2/Sulfur Tons) Tier 2/Sulfur
Proposal Proposal Proposal
2007 397,848 50% 397,848 50% 184,713 77%
2010 432,223 63% 162,012 86% 442,066 63%
2020 484,582 78% 197,984 91% 1,171,423 47%
2. VOC

a. Light-Duty VOC Trends Without Tier 2/Sulfur

Total VOC emissions produced nationwide by cars and trucks without Tier 2/Sulfur
control are shown in Table 111-10 and Figure 111-7, broken down by relative contribution of
evaporative emissions (across all cars and trucks), and exhaust emissions for LDV's, LDT1/2s
and LDT3/4s. We project VOC emissions from light-duty vehicles will decline from
approximately 3.8 million tonsto 2.0 million tons between 2000 and 2015 as the fleet becomes
increasingly dominated by cars and trucks complying with NLEV, Enhanced Evaporative control
and SFTP requirements. Beginning in 2016, however, light-duty VOC emissions are projected
to begin an upward trend due to VMT and vehicle fleet growth, increasing to 2.1 million tons by
2020 and 2.5 million tons by 2030.
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Tablell1-10. 47-State Light-Duty VOC Emissions Without Tier 2/Sulfur (Annual Tons)

Contribution by Emission Source/ Vehicle Class
Year II_Elght-puty Evaporative Exhaust
missions
(AIl LDV/LDT) LDV LDTL/2 LDT3/4
2000 3,771,569 44.3% 22.6% 20.1% 13.0%
2004 2,969,912 46.8% 18.3% 21.1% 13.7%
2007 2,503,855 50.4% 15.3% 20.4% 14.0%
2010 2,227,593 52.1% 12.6% 19.8% 15.5%
2015 2,080,284 54.1% 9.9% 18.2% 17.8%
2020 2,132,070 54.7% 9.1% 18.0% 18.2%
2030 2,475,783 54.8% 8.8% 18.1% 18.2%
4,000,000
3,000,000 -
2,000,000
1,000,000
0
2000 2005 2010 2015 2025 2030
\ El Evap (All LD) m LDV Exhaust M LDT1/2 Exhaust [1LDT3/4 Exhaust\
Figurelll-7. 47-StateLight-Duty VOC Emissions Without Tier 2/Sulfur (Annual Tons)
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Although evaporative emissions are projected to grow to over half of the light-duty
inventory, exhaust emissions from trucks play an increasingly significant role in shaping the
overall VOC trend. In 2000, we project that trucks will produce approximately 60 percent of
exhaust VOC emissions; by 2020, trucks account for 80 percent of these emissions, while overall
emissions produced by trucks increase steadily. The benefitsfrom Tier 1, NLEV and SFTP are
not as pronounced for trucks relative to cars, and are offset amost immediately by growth in
truck VMT. Asaresult, exhaust VOC emissions from trucks see only modest initial reductions
due to these programs before being offset by VMT growth.

The emission trends for the four urban areas we analyzed show similar behavior to the
national trends. Asshownin TableIl1-11, light-duty emissions decrease steadily in each city
through 2010. In all cities, the decline in emissions due to existing vehicle standards essentially
ends by 2020, after which VOC emissions are projected to increase if today’ s proposal is not
adopted.

Tablell1-11. Four-City Light-Duty VOC Emissions Without Tier 2/Sulfur (Summer Tons)

Year New York Chicago Atlanta Charlotte
2000 56,782 27,145 28,791 4,080
2004 40,063 19,768 22,166 3,245
2007 30,609 15,404 18,139 2,710
2010 25,732 13,151 15,869 2,412
2015 22,062 11,386 14,239 2,217
2020 21,124 11,061 14,195 2,254
2030 22,744 12,264 16,149 2,642

Figures 111-8 and 111-9 show our projections of the contribution of light-duty vehicles and
trucks to the total anthropogenic (i.e., human-caused) 2020 VOC inventory in the 47 states and
in Atlanta. Table I11-12 shows this same contribution across the 47 states and al four cities from
2007 through 2030. Nationally, cars and trucks produce nearly one-fifth of total VOC emissions
in 2007; this percentage declines subsequent years before stabilizing at 14 percent by 2015 and
increasing after 2020. The light-duty contribution in New Y ork, Chicago, and Charlotte are
dlightly lower than the national average, but significantly higher in Atlanta, where we project
that one-fourth of all VOC emissions will be produced by cars and trucks in 2020.
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Figurelll-8. Breakdown of Total 2020 47-State VOC Inventory Without Tier 2/Sulfur
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Figurelll-9. Breakdown of Total 2020 Atlanta VOC Inventory Without Tier 2/Sulfur
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Tablelll-12.

Light-Duty Contribution to Total VOC Inventory Without Tier 2/Sulfur

Year

47 Sate

New York

Chicago

Atlanta

Charlotte

2007

18%

15%

12%

33%

15%

2010

16%

13%

11%

31%

14%

2015

14%

11%

10%

28%

12%

2020

14%

10%

9%

26%

12%

2030

15%

10%

9%

26%

12%

b.

VOC ReductionsDue To Tier 2/Sulfur

Table 111-13 contains annual nationwide tons of VOC we project would be reduced due to
today’ s proposal, encompassing the effects of low sulfur fuel and the introduction of Tier 2
light-duty vehicle and light-duty truck standards for both exhaust and evaporative emissions.
Figure 111-10 shows projected 47-state emissions with Tier 2/Sulfur control, broken down by
light-duty evaporative emissions and exhaust emissions from LDV's, LDT1/2sand LDT3/4s.

Tablelll1-13. 47-State Light-Duty VOC Reductions Dueto Tier 2/Sulfur (Annual Tons)

Percent Reduction in
Light-Dut Light-Dut . i
Lg Yy 1gr Yy Emissions Baseline Inventory
Year Emissions Without | Emissions With Reduced
Tier 2/Sulfur Tier 2/Sulfur Light-Duty | . A
Sour ces*
2004 2,969,912 2,865,843 104,069 4% -
2007 2,503,855 2,372,427 131,428 5% 1.0%
2010 2,227,593 2,050,465 177,128 8% 1.3%
2015 2,080,284 1,821,904 258,380 12% 1.8%
2020 2,132,070 1,800,394 331,676 16% 2.3%
2030 2,475,783 2,039,802 435,981 18% 2.7%

* Includes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control
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Figurelll-10. 47-State Light-Duty VOC Emissions With Tier 2/Sulfur (Annual Tons)

We project that lower sulfur levelsin 2004 would reduce light-duty emissions four
percent, due ailmost entirely to reduced emission from Tier O, Tier 1 and NLEV vehicles; thisis
the equivalent of emissions produced by 6.5 million pre-Tier 2 cars and trucks. After 2004, the
introduction of LDT2s, LDT3s, and LDT4s complying with the Tier 2 NMOG standard and
operating on low sulfur fuel reduce emission further. By 2020, baseline light-duty VOC
emissions are reduced 16 percent due to Tier 2/Sulfur control, the equivalent of emissions from
38 million pre-Tier 2 cars and trucks. This represents a 2.3 percent reduction of the total
anthropogenic VOC inventory. With Tier 2/Sulfur, we project that the upturn in light-duty VOC
emissions will begin in 2021, five years later than the baseline case.

In addition to emission benefits on light-duty vehicles and trucks, we project that heavy-
duty gasoline vehicles would decrease emissions by approximately 7,000 tons per year
beginning in 2004, growing to 12,000 tonsin 2030. These reductions are shown in Appendix A,
and are included in the estimates of mobile source and all source percent reduction contained in
Tablel11-13.

Tables111-14 and 111-15 show VOC reductions in the four cities in both tonnage and
percentage terms; the percentage reductions are expressed relative to light-duty emissions and
total anthropogenic emissions if today’ s proposal were not adopted. VOC reductions would be
larger in these areas in percentage terms than is the average throughout the 47 states. 1n 2020,
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we project that 23 percent of light-duty VOC emissions would be reduced in these cities, versus
16 percent for the 47-state region. This difference is driven by the presence of I/M in each area
and RFG in some of these areas. As modeled, vehicles with malfunctioning emission control
systems do not realize the full benefit of the proposed Tier 2 vehicle standards. With I/M, itis
assumed that a good portion of these vehicles are identified and repaired, thus increasing the
relative benefit of the Tier 2/Sulfur program." The reductionsin total anthropogenic VOC
inventory are generally consistent with the 47-state results, although in Atlanta the reductions are
larger; by 2020, we project that 6.1 percent of Atlanta’s total VOC emission would be reduced
by today’ s action, versus 2.3 percent nationally.

Tablelll1-14. Four-City Light-Duty VOC Reductions Due To Tier 2/Sulfur (Summer Tons)

New York Chicago Atlanta Charlotte

Year

Reduced Remain Reduced Remain Reduced Remain Reduced Remain
2004 1,282 38,781 611 19,157 1,110 21,056 163 3,083
2007 1,870 28,739 913 14,490 1,462 16,677 218 2,492
2010 2,675 23,057 1,333 11,818 1,860 14,009 283 2,130
2015 3,919 18,143 2,007 9,380 2,592 11,648 404 1,814
2020 4,919 16,205 2,568 8,493 3,240 10,955 515 1,740
2030 6,031 16,713 3,247 9,017 4,184 11,965 685 1,958

Mhe approach used for developing I/M benefits for Tier 2 vehiclesis discussed in detail in the technical
report “ Development of Light-Duty Emission Inventory Estimatesin the Notice of Proposed Rulemaking for Tier 2
and Sulfur Standards”
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Tablell1-15. Percent Reduction From Light-Duty and
Total Baseline VOC Emissionsin Four Cities

New York Chicago Atlanta Charlotte
Year Light- All Light- All Light- All Light- All
Duty Sources* Duty Sources* Duty Sources* Duty Sources*

2004 3% - 3% - 5% - 5%

2007 6% 0.9 % 6% 0.8% 8% 2.8% 8% 1.3%
2010 10% 1.4% 10% 1.1% 12% 3.7% 12% 1.7%
2015 18% 2.0% 18% 1.7% 18% 5.1% 18% 2.3%
2020 23% 2.4% 23% 2.1% 23% 6.1% 23% 2.8%
2030 27% 2.8% 26% 2.4% 26% 6.9% 26% 3.3%

* Includes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control

Figures111-11 and 111-12 show the contribution of light-duty cars and trucks to total 2020
VOC inventory in the 47 states and in Atlantawith Tier 2/Sulfur control. Table I11-16 showsthis
same contribution across the 47 states and al four cities from 2007 through 2030. 1n 2020, the
light-duty contribution would drop to 12 percent nationally, from 14 percent without Tier
2/Sulfur control. Thistrend would be similar across the four cities, depending on the level of
light-duty contribution without Tier 2/Sulfur control. We project that with Tier 2/Sulfur control,
car and truck emissions would contribute eight percent of total emissionsin New Y ork (down
from 10 percent), seven percent in Chicago (down from nine percent), ten percent in Charlotte
(down from 12 percent), and 22 percent in Atlanta (down from 26 percent).
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Figurelll-11. Breakdown of Total 2020 47 State VOC Inventory With Tier 2/Sulfur
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Figurelll-12. Breakdown of Total 2020 Atlanta VOC Inventory With Tier 2/Sulfur
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Tablelll-16. Light-Duty Contribution to Total VOC Inventory With Tier 2/Sulfur

Year 47 Sate New York Chicago Atlanta Charlotte
2007 17% 14% 12% 32% 14%
2010 15% 12% 10% 28% 12%
2015 13% 9% 8% 24% 10%
2020 12% 8% 7% 22% 10%
2030 13% 8% 7% 21% 10%

C. VOC Emission Reductions From Other Options

VOC reductions for the three aternative options discussed under Section 111.A.1.c above
areshown in Tables [11-17 and 111-18, in comparison to reductions projected from today’s
proposal. It it assumed for this analysis that the evaporative controls contained in today’ s action
would be included in each option.

Tablelll-17. 47-State Light-Duty VOC Reductions From Alter native Control Options
(Annual Tons)

Option: FTr %dpig 1 2 3
Vehicle Program: Proposed Tier 2 Proposed Tier 2 Proposed Tier 2 Clegr;f,;trl tACt
Fuel Program: Proposed Tier 2 API 30 ppm':IF;ll Region Proposed Tier 2
No 30 ppm 2010
2007 131,428 74,331 74,331 101,706
2010 177,128 118,809 155,750 107,955
2020 331,676 264,220 305,361 131,552
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Tablell1-18. VOC Reduction Shortfall From Alter native

Control Options Relativeto Today’s Action

Scenario: 1 2 3
Vehicle Program: Proposed Tier 2 Proposed Tier 2 Clean Air Act Default
! API API .
Fuel Program No 30 ppm 30 ppm API Region 2010 Proposed Tier 2
Benefit Benefit Benefit
Year ?A(r)]rntzzlll Relative to ?;\?ELZ” Relative to ?;\?ELZ” Relative to
Tons) Tier 2/ulfur Tons) Tier 2/ulfur Tons) Tier 2/ulfur
Proposal Proposal Proposal
2007 57,097 57% 57,097 57% 29,722 77%
2010 58,319 67% 21,378 88% 69,173 61%
2020 67,456 80% 26,315 92% 200,123 40%
3. SOx

a. Light-Duty SOx Trends Without Sulfur Control

Gaseous SOx emissions are formed by the combustion of fuel sulfur, and hence depend
entirely on the level of sulfur in the fuel. SOx emissions without sulfur control are shown in
Table111-19 and Figure I11-13, broken down by LDV, LDT1/2 and LDT3/4. Asshown, we
project that SOx emission levels will increase unabated through 2030 in conjunction with VMT
growth in the absence of any action to reduce fuel sulfur levels. In 2000, we project light-duty

vehicles and trucks will emit 194,000 tons of SOx; by 2020, thislevel is projected to be nearly
300,000 tons, an increase of 55 percent.
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Tablell1-19. 47-State SOx Emissions Without Sulfur Control (Annual Tons)

Emissions | . Light-Duty Contribution by Vehicle Class
Light-Duty | Contribution
Year From All .
Emissions to All
Sources Sources LDV LDT1/2 LDT3/4
2000 - 193,467 - 48% 39% 13%
2004 - 211,072 - 41% 44% 15%
2005 18,045,277 215,659 1.2% 40% 45% 15%
2010 18,350,974 240,694 1.3% 33% 50% 17%
2015 18,773,428 270,174 1.4% 29% 53% 18%
2020 19,161,564 299,959 1.6% 28% 54% 18%
2030 20,099,769 357,611 1.8% 27% 55% 18%

400,000

300,000

200,000 +

100,000 ¢

2000 2005 2010 2015 2020 2025 2030

WDV  {OLDT1/2  [ILDT3/4 |
Figurelll-13. 47-State Light-Duty SOx Emissions Without Sulfur Control (Annual Tons)

Trucks, primarily LDT1sand LDT2s, are responsible for the steady increase in light-duty
SOx emissions. While LDV SOx emissions are relatively stable, SOx emissions from trucks
(and hence the contribution to light-duty inventory produced by trucks) are projected to increase
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steadily. In 2000, trucks account for roughly half of light-duty SOx emissions, growing to over
70 percent by 2020.

b. SOx Reductions Due To Sulfur Control

We project that today’ s proposal would immediately and substantially reduce SOx
emissions from cars and trucks once its fuel sulfur provisions take effect. Table 111-20 contains
annual nationwide tons of gaseous SOx we project will be reduced from light-duty vehicles and
trucks due to sulfur control. Figure 111-14 shows SOx emissions after sulfur control, broken
down by LDV, LDT1/2 and LDT3/4.

Tablell1-20. 47-State Light-Duty SOx Reductions Due To Sulfur Control (Annual Tons)

Light-Duty Light-Duty Percent Reduction in

Vear Emissions Emissions Emissions Baseline Inventory
Without Sulfur | With Sulfur Reduced _
Control Control Light-Duty | All Sources*

2004 211,072 21,426 189,646 90% -
2005 215,659 21,899 193,760 90% 1.3%
2010 240,694 24,257 216,437 90% 1.4%
2015 270,174 27,210 242,964 90% 1.5%
2020 299,959 30,203 269,756 90% 1.6%
2030 357,611 36,002 321,609 90% 1.8%

* |ncludes reductions from Heavy-Duty Gasoline Vehicles, Motorcycles and Nonroad Sources
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Figurelll-14. 47-State Light-Duty SOx Emissions With Tier 2/Sulfur (Annual Tons)

As shown, a 90 percent reduction in light-duty SOx emissions would be realized
beginning in 2004. This relative reduction remains constant beyond 2004, since SOx emissions
are not reduced further as new Tier 2 VOC, NOx, and PM standards are phased in. The absolute
level of emission reductions would become larger with time, however, dueto VMT growth.

SOx emission reductions will al'so occur from heavy-duty gasoline vehicles and
motorcycles due to sulfur control; we estimate this reduction to be approximately 10,000 tonsin
2005, growing to 14,000 tons by 2020. In addition, emissions from al gasoline-powered
nonroad equipment would be reduced due to sulfur control. Based on our NONROAD model,
we estimate this benefit would be approximately 25,000 tons per year on average between 2005
and 2020. These reductions, shown in Appendix A, are included in the percent reductions from
all sourcesin TableI11-20.

4. Particulate M atter

Trends in particul ate matter emissions will depend very strongly on the prevalence of
diesel vehiclesin the light-duty fleet. Currently, diesels make up avery small portion (less than
one percent) of overall car and truck sales. However, sharp increasesin diesel salesare a
reasonable possibility given the focus on diesel technology for improving fuel economy under
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the Partnership for a New Generation of Vehicles (PNGV). Thus, we assessed PM emissions
under two sales scenarios: a“no growth” scenario, for which current diesel sales trends were
assumed to continue, and an “increased growth” scenario, for which diesels grow to 50 percent
of light-duty truck sales by 2010. The effects of Tier 2/Sulfur control were assessed for both
scenarios. The results presented here are for direct exhaust PM, comprising carbonaceous PM
and sulfate emitted directly from the tailpipe and a subset of Total PM (which also includes
direct non-exhaust PM from tire and brake wear, and indirect PM caused by secondary reactions
to emitted NOx and SOx in the atmosphere). Direct PM, and PM , emissions are presented
separately for the “no growth” scenario.

a. “No Growth” Diesel Sales Scenario
i Light-Duty Direct Exhaust PM, . Trends Without Tier 2/Sulfur

In general, gasoline vehicles emit PM at rates much lower than their diesel counterparts.
Under the no growth scenario, direct PM emissions are driven largely by sulfate emissions from
gasoline vehicles, which depend primarily on gasoline fuel sulfur level. Without Tier 2/Sulfur
control, these emissionsincrease at asteady rate in conjunction with VMT, as shown in Tables
[11-21 and Figure 111-15. 1n 2005, we project that approximately 35,000 tons will be emitted
annually by light-duty cars and trucks. Thislevel is projected to exceed 47,000 tonsin 2020 and
56,000 tons in 2030.

Tablell1-21. 47 State Light-Duty Direct Exhaust PM , . Emissions Without Tier 2/Sulfur
No Growth in Diesel Sales
(Annual Tons)

Emissions | S9Nt | Light-Duty | Contribution by Fuel Type/ Vehicle Class
Duty Contribution
Year From All ,
Sourcest | _EXhaust to All Diesel Gas Gas Gas
Emissions Sources LDV/LDT | LDV | LDT1/2 | LDT3/4
2000 - 34,072 - 5% 45% 34% 17%
2004 - 34,612 - 3% 42% 41% 14%
2005 2,071,897 35,051 1.7% 3% 40% 42% 15%
2010 2,108,058 38,409 1.8% 2% 34% 48% 16%
2015 2,217,074 42,724 1.9% 2% 30% 51% 17%
2020 2,318,805 47,397 2.0% 2% 28% 53% 17%
2030 2,544,434 56,505 2.2% 2% 28% 53% 17%

* Excludes natural and miscellaneous sources (e.g., fugitive dust), but includes indirect sources such astire and
brake wear.
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Figurelll-15. 47-State Light-Duty Direct Exhaust PM,; Emissions Without Tier 2/Sulfur
-No Diesel Growth (Annual Tons)

As expected, the diesel contribution to overall emissions in the no growth scenario is
relatively small. Rather, gasoline trucks (primarily LDT1sand LDT2s) are responsible for the
steady increase in PM emissions. Under this scenario, we project the contribution of gasoline
trucksto light-duty PM, ; inventory to grow to 70 percent by 2020.

ii. Direct Exhaust PM, . Reductions Due To Tier 2/Sulfur Control

Under the no growth scenario, today’ s proposal would provide an immediate and
substantive reduction in direct PM emissions from cars and trucks, due primary to sulfur control.
Table 111-22 contains annual nationwide tons of direct exhaust PM, . we project would be
reduced from light-duty vehicles and trucks due to Tier 2/Sulfur control. Figurel111-16 shows
PM, ¢ emissions after Tier 2/Sulfur control broken down by diesel (al light-duty cars and trucks)
and gasoline LDV, LDT1/2 and LDT3/4.
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Tablell1-22. 47-State Light-Duty Direct Exhaust PM, ¢ ReductionsDue To Tier 2/Sulfur
No Growth in Diesel Sales
(Annual Tons)

Light-Duty Light-Duty Emissions Pga(;(;ln't ReldUCt':)n n

Year Emissions Without | Emissions With Ine Inventory
Tier 2/Sulfur Tier 2Sulfur | Reduced T
Light-Duty All Sources*

2004 34,612 14,703 19,909 58% -
2005 35,051 14,509 20,542 59% 1.0%
2010 38,409 14,999 23,410 61% 1.1%
2015 42,724 16,129 26,595 62% 1.2%
2020 47,397 17,690 29,707 63% 1.3%
2030 56,505 20,956 35,549 63% 1.4%

* |ncludes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control

60,000

50,000 - WITHOUT TIER 2/SULFUR CONTROLS

40,000
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2000 2005 2010 2015 2020 2025 2030
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Figurelll-16. 47-StateLight-Duty Direct Exhaust PM,; Emissions With Tier 2/Sulfur -
No Diesel Growth (Annual Tons)
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Reductions from gasoline vehicles would result almost entirely from sulfur control, rather
than the proposed PM,, . exhaust standards. PM, ;. emissions on current technology gasoline
vehicles are much lower than diesel vehicles, and gasoline vehicle emissions are not expected to
be reduced in response to the PM, ; standards contained in today’ s proposal. As such, we project
that an immediate emission reduction of 58 percent from baseline levels would be realized due to
sulfur control, increasing to 63 percent by 2020.

In addition to light-duty PM benefits, sulfur control would reduce PM,, . emissions from
heavy-duty gasoline vehicles. We estimate these benefits would be approximately 700 tons per
year beginning in 2004, increasing to 1,000 tons by 2020. Across all sources, we project Tier
2/Sulfur control would reduce direct PM, . from all non-natural sources by about one percent.

iii. Direct Exhaust PM,, Reductions Due To Tier 2/Sulfur Control

Direct exhaust PM,, emissions exhibit similar trends to PM, ., and are thus shown here
only for the no growth diesel case; PM,, emissions with and without Tier 2/Sulfur control are
shownin Tablell11-23.

Tablell1-23. 47-State Light-Duty PM ,, Emissions With and Without Tier 2/Sulfur Control
No Growth in Diesel Sales
(Annual Tons)

. . . Percent Reduction
Emissions Light-Duty —— Light-Duty . -
From All Exhaust Light-Duty Exhaust . in Baseline
o Contribution - Emissions Inventory
Year Sources Emissions to All Emissions Reduced
Without Without SOUrces With Light- Al
Tier 2/Sulfur** Tier 2/ulfur Tier 2/ulfur Duty Sources®
2004 - 37,323 - 15,861 21,462 58% -
2005 2,985,623 37,794 1.3% 15,649 22,145 59% 0.8%
2010 3,060,154 41,412 1.4% 16,173 25,239 61% 0.9%
2015 3,207,687 46,064 1.4% 17,390 28,674 62% 0.9%
2020 3,345,810 51,102 1.5% 19,071 32,031 63% 1.0%
2030 3,659,928 60,922 1.7% 22,591 38,331 63% 1.1%

* |ncludes emission reductions from Heavy-Duty Gasoline Vehicles due to sulfur control
** Excludes natural and miscellaneous sources (e.g., fugitive dust), but includes indirect sources such astire and

brake wear.

b. “Increased Growth” Sales Scenario

The “increased growth” scenario was developed with the intent of analyzing an upper
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bound for diesel growth. We developed this scenario by assuming that the percent of diesels
making up total light-duty truck sales increase to five percent in 2001, adding five percentage
points per subsequent year until diesels represent 50 percent of light-duty truck sales in 2010;
beyond 2010, the diesel engine share of the light truck market was assumed to stay at 50 percent.
Within the period of diesel sales growth, we assumed that light duty truck classes were
“converted” to dieselsin asequential manner starting with the heaviest trucks; i.e., LDT4s
became dieselsfirst, then LDT3s, etc. This methodology resulted in the diesel sales penetrations
shownin Table 111-24.

Tablelll-24. Diesal LDT Sales Penetration Under Increased Growth Scenario

Diesel Sales Penetration

Model Year All LDT LDT2 LDT3 LDT4
2001 5% 0% 0% 63%
2002 10% 0% 12% 100%
2003 15% 0% 41% 100%
2004 20% 0% 71% 100%
2005 25% 0% 100% 100%
2006 30% 9% 100% 100%
2007 35% 18% 100% 100%
2008 40% 26% 100% 100%
2009 45% 35% 100% 100%

2010 and later 50% 44% 100% 100%

i Light-Duty Direct Exhaust PM, . Trends Without Tier 2/Sulfur

Our projections for light-duty direct exhaust PM, ¢ under the increased diesel sales
scenario are down in Table I11-25 and Figure I11-17. As expected, this scenario is projected to
result in dramatic increasesin light-duty PM, . emissions. 2005 baseline emissions are
approximately 43,000 tons, 23 percent higher than the 35,000 tons projected in the no growth
diesel case from Table 111-21. However, by 2020, we project this scenario would result in direct
PM emissions of 138,000 tons, nearly three times the emissions projected for the no growth
scenario in the same year.
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Tablel11-25. 47 State Light-Duty Direct Exhaust PM , . Emissions Without Tier 2/Sulfur
Increased Diesel Growth Scenario
(Annual Tons)

Light-Duty Contribution by Fuel Type
Year Emi§sions Without _ .
Tier 2/ulfur Diesel LDV/ILDT Gasoline LDV/LDT

2000 34,072 5% 95%
2004 39,932 19% 81%
2005 43,439 25% 75%
2010 72,626 56% 44%
2015 109,622 72% 28%
2020 138,177 7% 23%
2030 175,068 80% 20%
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Figurelll-17. 47-State Light-Duty Direct Exhaust PM,; Without Tier 2/Sulfur -
Increased Diesel Sales (Annual Tons)
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As shown, the rapid growth of dieselsin conjunction with high per-vehicle PM emissions
from diesels drive overall direct PM emissions under this scenario. In 2005, we project diesels
would already account for 25 percent of all light-duty emissions. Diesel contribution growsto
over 50 percent by 2010 and over 75 percent by 2020.

ii. Direct Exhaust PM, . Reductions Due To Tier 2/Sulfur

Tier 2/Sulfur control would effectively neutralize excess PM emissions generated under
our increased diesel penetration scenario. Table I11-26 contains reductions in direct exhaust
PM, ¢ emissions due to Tier 2/Sulfur standards for the increased diesel sales penetration case.
Figure 111-18 shows these emissions with Tier 2/Sulfur control, broken down by diesel and
gasoline.

Tablell1-26. 47-State Light-Duty Direct Exhaust PM, . ReductionsDue To Tier 2/Sulfur
Increased Diesel Growth Scenario
(Annual Tons)

Light-Duty Light-Duty Ermissions Pga(;zln,t Relducu:)n n

Year | Emissions Without | Emissions With Ihe Inventory
Tier 2ulfur | Tier 2/suifur | Fedueed o
Light-Duty | All Sources*

2004 39,932 19,700 20,232 51%
2005 43,439 20,696 22,743 52% 1.1%
2010 72,626 22,542 50,084 69% 2.4%
2015 109,622 23,275 86,347 79% 3.8%
2020 138,177 24,754 113,423 82% 4.7%
2030 175,068 28,393 146,675 84% 5.6%
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Figurelll-18. 47-State Light-Duty Direct Exhaust PM,; Emissions With Tier 2/Sulfur
Increased Diesel Growth (Annual Tons)

In 2005, the fleet would still be comprised primarily of gasoline vehicles under this
scenario; thus, significant benefits from gasoline sulfur control would be realized immediately,
as with the no growth case. The rapid growth of diesel market penetration in conjunction with
implementation of the proposed Tier 2 PM standards would result in adiesel fleet comprised
almost exclusively of vehicles compliant with Tier 2. Thus, alarge share of the baseline
inventory would be reduced very soon after implementation of the Tier 2/Sulfur standards. In
2010, nearly 70 percent of baseline light-duty exhaust PM, . inventory is reduced; by 2020, we
project 82 percent of baseline emissions would be reduced. Today’s proposal would serve to
mitigate the large increases in direct PM emissions which would occur without control due to
increased growth in diesel penetration, effectively stabilizing these emissions through at least
2030.

B. Air Quality Measures

This section describes the analyses performed to evaluate the impact of the Tier 2/Sulfur
proposal on ozone and visibility levels, as discussed in Section 111 of the preamble. These
analyses were performed using different emission inventories, control assumptions, ozone and
visibility models, and analysis years than the air quality modeling we conducted for the
benefit/cost analysis described in Chapter VII. Asaresult, the ozone and visibility modeling
results presented in Section I11 of the preamble and described more fully in this section are not
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directly comparable to the ozone and visibility modeling results used for the benefit/cost
analysis.

This section does not discuss the impact of the Tier 2/Sulfur proposal on PM levels, since
the PM air quality modeling we performed was conducted for the benefit/cost analysis described
in Chapter VII. This section also does not discuss the impact of the Tier 2/Sulfur proposal on
CO levels since we have not quantified the proposal’ s impact on CO emission levels at thistime.

1. Ozone

Current air quality with respect to ozone can be expressed in terms of formal designation
of attainment or nonattainment of the 1-hour standard (there is as yet no such designation for the
8-hour standard) and in terms of measured ambient design values (defined below) for both the 1-
hour and 8-hour standards. Estimates of the ozone impact of today’ s proposal and the expected
future ozone concentrations after its implementation can be obtained by modeling a base case
(before control measures) and a control case (after control measures). The outputs of these and
other model runs are used in combination with measured design values to project future design
values. Other metrics described in this section are also used to compare one model run to
another. The structure of this section is as follows:

- Subsection B.1.a. presents the data supporting the discussion in the preamble of
current nonattainment status, including an explanation of design values.

- Subsection B.1.b. describes in general terms the ozone modeling that we used to
estimate the effects of Tier 2/Sulfur controls and the way we used that modeling
to estimate the resulting design values.

- Subsection B.1.c. explains the “rollback method,” used to estimate future design
values based on measured historical ozone levels and ozone modeling results.

- Subsection B.1.d. describes the 0zone modeling simulations used to evaluate the
impact of Tier 2/Sulfur controls on future ozone levels.

- Subsection B.1.e. presents the results of two ozone simulations that were used to
explore the relative effects of NOy and VOC controls on ozone levels.

- Subsection B.1.f. describes two ozone simulations that were used to estimate the
effects of today’ s proposal on ozone levels.

a. M easur es of Current Attainment and Non-attainment

Measures of attainment and non-attainment consist of both the formal attainment and
nonattainment designations and the most recent set of ambient design values, which are based on
measurements from 1995 to 1997. Formal attainment/nonattainment status applies only to the 1-
hour standard, since such designations have not yet been made for the 8-hour standard.

Outside of California, the 1990 census showed 72 million people living in areas that were
formally designated as non-attainment for the 1-hour standard as of August 10, 1998. The
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individual areas, their populations, and their nonattainment classifications are listed in Table C-1
in Appendix C.

Design values

An ozone design value is the concentration or average of concentrations that determines
whether a monitoring site meets the NAAQS for ozone. Because of the way they are defined,
design values can only be determined for three-year monitoring periods. We estimate the design
values, and therefore the attainment effects, resulting from control programs by using a
combination of modeling results and measured design values. Air quality model runsfor a base
year and a future year are used to determine the relative change in ozone levels produced by the
controls that would be implemented between the base and future years. Thisrelative changeis
used to adjust the measured historical design valuesin the region being analyzed, as described in
detail below.'

A 1-hour design valueis the fourth highest daily maximum 1-hour average ozone
concentration measured over athree-year period at a given monitor. An 8-hour design valueis
the three-year average of the annual fourth highest daily maximum 8-hour average ozone
concentration at a given monitor. The full details of these determinations (including accounting
for missing values and other complexities) are given in Appendices H and | of 40 CFR Part 50.
As discussed in these appendices, design values are truncated to whole ppb. Dueto the precision
with which the standards are expressed (0.12 ppm for the 1-hour, 0.08 ppm for the 8-hour),
nonattainment of the 1-hour standard is defined as a design value greater than or equal to 125
ppb and nonattainment of the 8-hour standard is defined as a design value greater than or equal
to 85 ppb.

For the 1-hour standard, the design value for a county is the highest design value of the
monitors within that county. Typically, thereisone or zero monitors per county. If a county
does not contain an ozone monitor, it cannot have a design value. For most of our analyses,
county design values are consolidated where possible into design values for metropolitan areas.
The design value for a metropolitan areais the highest design value among the included
counties. Counties that are not in metropolitan areas are listed separately. For the purposes of
the analyses described in this section, we have assumed that the definition of county and
metropolitan area design values for the 8-hour standard will be the same as for the 1-hour
standard. It should be noted, however, that we have not yet determined how county and
metropolitan area design values will be defined for the 8-hour standard.

To simulate the air quality effects of today’ s proposal, design values are estimated or
projected from measured 1995-1997 county design values by the method described in Subsection

' The procedure described in this paragraph can also be used to isolate the effects of a particular control
program on design values. To do so, one needs to apply the procedure twice: once for afuture year without
applying the control program of interest, and once for afuture year with the control program of interest applied. The
impact of the control program on ozone design valuesis given by the difference between the design values
calculated for the two different cases.
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B.1.c. Projected design values are determined only for counties that have measured design
values. The measured 1995-1997 design values that exceeded the 1-hour standard in
metropolitan areas and rural countiesin the 37 states that participated in OTAG are shown in
Table C-2 in Appendix C. Similar measured design values for the 8-hour standard are shown in
Table C-3.

b. General Description of Ozone M odeling in the OTAG Domain to Estimate
the Effect of Tier 2/Sulfur Controls

We used the considerable development work done for the ROTR as a foundation to
estimate the impact of the proposed Tier 2/Sulfur controls on ozone levelsin the OTAG domain.
A method for estimating the design values that result from a given control scenario was also
developed for the ROTR and has been extended to estimate the effects of Tier 2/Sulfur controls.
Further details of the modeling work are presented below and in atechnical memorandum to
Docket A-97-10, “Photochemical Air Quality Simulations in Support of Tier 2/Sulfur,” by
Harvey Michaels.

The basic method of using modeling

The modeling methodology requires running two simulations, a base case (without Tier
2/Sulfur controls) and a control case (with Tier 2/Sulfur controls). The effects of the control
program are then evaluated by comparing the modeling results of the control case with those of
the base case. The base case for our Tier 2/Sulfur ozone analysis is the 2007 post-ROTR
scenario. We used two versions of this base case; the first was published with the ROTR’s
Supplemental Notice of Proposed Rulemaking (SNPR) and used the SNPR emission inventories,
while the second used the ROTR Final Inventory (September 1998), which was updated based
on public comments. Table 111-27 indicates which of our Tier 2/Sulfur simulations correspond to
which base case.

Emissions inventories and meteorology were developed for four historical ozone
episodes, each about 10 days long, from 1988, 1991, 1993, and 1995. When the photochemical
grid model was judged to satisfactorily reproduce the historical episodes, the meteorology was
retained and emission inventories for the base and control cases were substituted for the
historical emission inventories. The base and control cases were then run for all four episodes.

The model output is hourly average ozone concentrationsin all grid cells of the modeling
domain for all hours of the ssimulation. A large number of different metrics have been devel oped
to compare the ozone concentrations in the base case with those in the control case. One of the
most useful of these, because of its relationship to measured design values used to determine
attainment and nonattainment, is projected design values. Design values were projected using
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the modeling results from three episodes: 1991, 1993, and 1995, The calculation of projected
design valuesis described in the next section.

To facilitate the ozone modeling, the emission reduction due to Tier 2/Sulfur controls
was expressed as a percentage reduction from the 2007 post-ROTR emission inventory for all
highway mobile sources. The procedure used to do thisis described in atechnical memo to
Docket No. A-97-10 (“Methodology for Developing Inventory Reductions Used in Ozone
Modeling,” by John Koupal). These percentage reductions were applied everywhere in the
modeling domain to all on-highway emissionsin the base case. The proposed Tier 2/Sulfur
program would achieve amost all of its emission reductions from cars and light trucks, but
converting these reductions to a percentage of all on-highway emissions greatly streamlined the
process of modeling the proposed Tier 2/Sulfur controls.

The standard ozone metrics applied to the modeling results are relatively simple and self-
explanatory. For example, “Grid Cell Days Above the Standard” is a count of al the grid cells
on al simulation days (except for 2 or 3 startup days in each episode) that the daily maximum
ozone concentration (either 1- or 8-hour average, depending on the specific metric) exceeded the
standard. The “rollback method” of projecting design valuesis considerably more complicated,
because it uses both measured design values and simulations. This method is described below.

C. The“Rollback Method” for Estimating Design Values Resulting from
Control Measures

Because of the way they are defined, design values can only be determined for three-year
monitoring periods. We estimate the design values resulting from a given control program by
beginning with the measured design values and then using two model runsto determine the
relative change produced by the control program. The first model run is the base year case and
uses an emissions inventory that corresponds to the measured design values. For 1995-1997
design values, we used the 1995/96 Base Y ear emissions inventory. The second model run isthe
control case and employs the inventories for which we are projecting resulting design values.
We projected design values for three control cases: 2007 ROTR, 2007 Tier 2/Sulfur (OM$4) and
2020 Tier 2/Sulfur (OMS3). The relative change between the base year case and control caseis
used to adjust the measured design values, as described in this section. This process, called the
“rollback method,” was used in the ROTR rulemaking and is more fully described in the
document: “Procedures for Estimating the Impact of OTAG Strategy Run 5 on Attainment of the

! This method, and the reasons why 1991, 1993, and 1995 were used, are discussed in “ Procedures for
Estimating the Impact of the OTAG Strategy Run 5 on Attainment of the 8-Hr Ozone NAAQS.” Draft: October
1997. Staff Report, Air Quality Modeling Group, Emissions, Monitoring and Analysis Division, Office of Air
Quality Planning and Standards, U.S. EPA. EPA Air Docket A-96-56, 11-A-24.
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8-Hr Ozone NAAQS’, Staff Report, Draft October 1997, (EPA Air Docket A-96-56, |1-A-24) X

There are three ozone episodes that are used in the modeling. Each corresponds to the
meteorological conditions of a historical air pollution episode and is approximately 10 days long.
The actual episodes occurred in 1991, 1993, and 1995. When we refer to running those three
episodes for the ROTR in 2007, for example, we mean using the meteorology of those three
episode with the emissions inventory we expect in 2007 following the ROTR.

The following procedure, referred to as the rollback method, was used to estimate the
effects of control strategies on 1-hr and 8-hr ozone design values. Note that, except for Step
1(a), the procedures for treating 1-hr and the 8-hr design values are the same. The base year case
refers to the 1995/96 Base Y ear inventory, which corresponds to the 1995-1997 period used to
determine measured design values. The control case refersto one of the three cases for which
we are projecting design values: either the 2007 post-ROTR scenario or the 2007 Tier 2/Sulfur
case or the 2020 Tier 2/Sulfur case.

Step 1: Calculate ambient design values

@ For each monitor in a county determine the monitor-specific 1-hr design values
by taking the 4th highest daily maximum value from ozone data collected at the
monitoring site for the period 1995-1997. For determining an 8-hr design value,
calculate the 3-year average of the 4th highest daily maximum 8-hr value in each
year at the monitor.

(b) Select the highest design value from all monitors within the county as the
county-specific design value.

Step 2: Generate model predictions for three OTAG episodes (July 1991, 1993 and 1995) for the
base year case and for the control case.

@ The base year case model predictions reflect emissions levelsin the 1995-1997
time period.

(b) The control case model predictions reflect afuture year control scenario.
Step 3: Calculate an adjustment factor for each grid cell
Notes:

(2) The adjustment factor is based on the percent difference in ozone predictions
between the base year case and the control case. These factorswill be used in

KIn keeping with Appendices H and | of 40 CFR Part 50, projected design values are truncated to whole
ppb. Nonattainment of the 1-hour standard is defined as a design value greater than or equal to 125 ppb.
Nonattainment of the 8-hour standard is defined as a design value greater than or equal to 85 ppb.
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Step 5 to "rollback™ ambient design values to reflect the impacts of the control
case.
(2) Step 3 must be followed separately for the base year case and the control case.

For each grid cell:

(@)

(b)
(©)

(d)

(e)

Calculate daily maximum ozone concentrations for every day simulated
(excluding the ramp up days for each episode) for the three OTAG episodes
identified in Step 2. The ramp up days are one and two for the 1993 episode and
one, two, and three for the other episodes.

For each episode select the 1st, 2nd, and 3rd highest daily maximum values.

For each of these "ranks’ (i.e., 1st, 2nd, and 3rd ranked values), average the
concentrations across the episodes (e.g., sum all 1st ranked values and divide by
number of episodes). Thisyields an average value for each rank (i.e., the average
of the highest, the average of the 2nd highest, and the average of the 3rd highest
concentrations).

For each of the average ranks, calculate the ratio of the control case to the base
year case. Thisyieldsaset of threeratios, one for each rank.

Average these three ratios to get the Adjustment Factor, which is multiplied times
the 1995-1997 design value for a given grid cell to get the new design value for
that grid cell.

Step 4: Assign aunique grid cell adjustment factor to each individual county

(@

(b)

The cell with the largest portion of its areain the county is assigned to that
county. If more than one cell is completely contained in the county, the cell with
the highest base year case value is assigned to the county. The 1990 Base Y ear
OTAG model predictions were used in those cases where it was necessary to
chose among multiple grid cells for assigning a grid cell to a county.

The step of assigning a unique grid cell to each county yields the county-specific
adjustment factor. Note that only one grid cell isassigned to a county. Thus,
there is no spatial averaging or spatial weighting of adjustment factors using
multiple grid cells in determining the county-specific factors.

Step 5: Calculate the rollback ambient design value

(@

(b)

This step adjusts the ambient design values in each county to reflect the ozone
reductions estimated to result from the control case.

Multiply the county-specific ambient design value from Step 1 times the
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county-specific adjustment factor from Step 4.

d. Specific Simulations Used to Evaluate Tier 2/Sulfur

Four simulations were performed in support of the Tier 2/Sulfur rulemaking. They are
listed in the following table with the percentage reduction in highway vehicle emissions that
were modeled for each run.

Tablell1-27. Percent Reductionsfor Tier 2/Sulfur Ozone M odeling Runs

% Reduction from Base Case
Run Base Case
NO, VOC
OMS1 0% 30.3% 2007 Post-ROTR published
with SNPR
OMS2 54.2% 0%
OMS3 50.2% 10.5% 2007 Post-ROTR Final
Inventory, September 1998
OMHA 18.5% 4.3%

OMSL1 and OM S2 were intended to explore the relative effect on ozone of VOC and NO,
reductions. OMS3 was intended to model the effect of Tier 2/Sulfur in 2020, when it would
affect alarge portion of the fleet. OM$4 was intended to model Tier 2/Sulfur in 2007, which is
an important year for ozone attainment and is also ayear for which alarge body of ROTR-
related modeling results are available.

As mentioned previously, the percentage reductionsin Table 111-27 are those that when
applied to the whole highway mobile source fleet will reproduce the reductions expected to
result from Tier 2/Sulfur controls. The emissions modeling used to obtain the percent reductions
from the base case are described in atechnical memo to the Docket A-97-10 from John Koupal,
titled “Methodology for Developing Inventory Reductions Used in Ozone Modeling.”

e Results of the NO,-only and VOC-only Runs (OM S1 and OM S2)

While today’ s proposal decreases both NOx and VOC, NOXx is decreased preferentially
because it has afar greater effect on ozone. Most areas are NOy-limited—their ozone
concentrations respond more to decreases in NO, than to decreasesin VOCs. Only afew, highly
localized areas are VOC-limited. For this reason, the Ozone Transport Assessment Group
reached a broad consensus that regional ozone reductionsin the eastern U.S. are best
accomplished by reducing NO,.. This consensusis reflected in the ROTR, which only reduces
NOy.
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We have demonstrated that this conclusion is still valid even after the large NOx
reductions resulting from the ROTR are taken into account. The demonstration used two
OTAG-domain modeling runs that simulated the separate effects of mobile source VOC and
NO, reductions. OMS2 simulated a 54 percent reduction in highway mobile source NO, and
OMS1 a 30 percent reduction in highway mobile source VOC.

The results of the OMS1 and OM S2 runs demonstrate that mobile source NO, reductions
are much more effective at reducing ozone than are mobile source VOC reductions. The number
of grid cell days on which the daily maximum 1-hour average ozone concentration exceeded 124
ppb fell 46% for the NO, reductions but only 2% for the VOC reductions. The number of grid
cell days on which the daily maximum 8-hour average ozone concentration exceeded 84 ppb fell
40% for the NO, reductions but only 1% for the VOC reductions.

f. Detailsof the Tier 2/Sulfur Ozone Modeling Runs (OM S3 and OM $4)

The results of our modeling of Tier 2/Sulfur have been summarized in the preamble. In
this section, we discuss the detailed methods and results that were not covered there. The
design-value results for all counties are listed in Appendix C.

As stated above, OM S3 and OM $4 were intended to model Tier 2/Sulfur in 2020 and
2007, respectively. For these two runs, the emission inventory for the base case, to which they
are compared, isthe ROTR budget case. This base case inventory uses the OTAG nonroad,
highway heavy-duty, and highway light-duty emission estimates, as updated for the ROTR final
rule based on public comment as of September 1998. Thisinventory is anewer version than the
base case inventory used for the OMS1 and OMS2 runs. For both base case inventories, the
nonroad inventories are based on the NEVES study, and the highway mobile source inventories
are based on MOBILE5 emission factors, vehicle distributions, and mileage accumulation
patterns. The fact that these inventories do not reflect the more recent information incorporated
in the emission inventory analyses presented in Section A. of this chapter creates some
uncertainty as to the absolute values of design values and which counties are in attainment or
nonattainment under the base case.

Emissions and ozone levels were modeled for 2007 and 2020. The 2007 caseis
straightforward because we produced a full emission inventory for 2007 for the ROTR. For
2020, we assumed that total emissions (under ROTR plus current vehicle standards and fleet
turnover) would be the same asin 2007, i.e., that emission reductions from fleet turnover and
emission increases from growth in all sectors balance each other. This assumption is not exactly
correct, but is close. Our best estimate is that without Tier 2/Sulfur NOx emissions from al
human sources actually would be about 3% lower in 2020, and VOC emissions would be about
5% higher. The details of these estimates are in Section A of this chapter, “Inventory Impacts of

' For comparison, we estimate that today’ s proposal will actually reduce mobile source NO,, 50.0 percent
and VOC 10.2 percent in 2020.
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Tier 2/Sulfur.”

A relatively minor caveat isthat the Tier 2/Sulfur NO, and VOC reductions were
distributed evenly over al highway mobile sources, which have a different spatial distribution
from light-duty vehicles.

After OMS3 and OM 4 had been run and design values calculated by the rollback
method, our proposal was refined, resulting in slightly different percent reductions from the base
case. Thesetwo sets of percent reductions are shown in Table 111-28.

Tablell11-28. Percentage Reductionsfrom the 2007 Post-ROTR Inventory of NO, and
NMHC for OM S3 (2020), OM $4 (2007), and for Today’s Proposal in 2007, 2010, and 2020.

Year OMS3 and OM3A Today’ s Proposal
NMHC NOy NMHC NOy
2007 4.3% 18.5% 4.0% 18.1%
2010 - - 5.4% 26.9%
2020 10.5% 50.2% 10.2% 50.0%

Because OM S3 and OM $4 were so close to today’ s proposal, we obtained the design
values for today’s proposal by linearly interpolating or extrapolating slightly based on the
differencesin NO, aone. Interpolations and extrapolations were also used to determine design
valuesin 2010, which was not modeled, and to estimate design values in 2010 without Tier
2/Sulfur. The percentage reduction in total highway NO, emissions between the 2007 baseline
and 2010 without Tier 2/Sulfur was 4.3%.

For discussing the effects of today’ s proposal on one- and eight-hour design values, we
projected county design values using the rollback method for three modeling runs. 2007 post
ROTR, OMS3, and OM34. All other projected design values have been linearly interpolated
based on NO,.. Aswe have discussed previously, the primary effect on ozone has been produced
by NO,.

All measured and projected county design values are in Appendix C. In addition, the
preambl e indicates counts of metropolitan areas and rural counties whose measured or projected
design values meet various criteria with respect to the one and eight-hour standards. Appendix C
contains the lists of these metropolitan areas and counties together with their design values and
populations.

2. Visibility/Regional Haze
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The Northern Front Range Air Quality Study (NFRAQS) report collected numerous
ambient PM,, ; samplesin various areas around Denver, including urban areas such as Welby and
rural areas such as Brighton, during the winter of 1997. The samples were analyzed for their
composition, including the contribution of carbon-based, sulfate, nitrate, and crustal matter
particles to each sample. The results of that analysis are summarized in Table I11-29.

Tablel11-29. NFRAQS Compositional Analysis of PM,; Samples

Ste Carbon-based Sulfate-based Nitrate-based Crustal Matter
PM, ¢ PM, ¢ PM, ¢ PM,s |

Welby 49% 10% 25% 16%

Brighton 42% 15% 32% 11%

The study used a variety of techniques to determine how much of the carbon-based,
sulfate, and nitrate PM found in the PM,, . samples came from gasoline vehicles. Organic tracer
compounds were used to determine how much of the carbonaceous PM, ; came from gasoline
vehicles and to separate the contribution of normal emitting vehicles and higher emitting
vehicles. A combination of inventory analysis, dispersion modeling, atmospheric chemistry, and
analysis of compositional variation over time were used to determine the contribution of gasoline
vehicles to sulfate and nitrate PM, .. The study reported the following average percentages of
sulfates and nitrates coming from gasoline vehicles. The proportion of each type of PM, ¢
determined to come from gasoline vehiclesis shown in Table 111-30.

Tablel11-30. Percentage of PM,. Coming from Gasoline Vehicles

Ste Carbon-Based Sulfate-Based Nitrate-Based
Welby 57% 20% 36%
Brighton 62% 14% 38%

From these two sets of numbers, one can cal cul ate the contribution of each type of PM,
from gasoline vehiclesto total PM, ., as shown in the middle three columns of Table 111-34. The
results can be summed to derive the contribution of gasoline vehicles to total PM, ., as shown in

the last column in Table 111-31.

Tablell1-31. Percentage of Total PM,; From Gasoline Vehicles

Ste Carbon-Based Qulfate-Based Nitrate-Based Total
Welby 28% 2% 9% 39%
Brighton 26% 2% 12% 40%
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This section presents the analytic basis for the preamble discussion of the impact of
mobile sources on visibility impairment in the U.S. In this context, “visibility impairment”
refersto the reduction in the distance that one can see as the result of air pollution. As discussed
in the preamble, fine particles suspended in the atmosphere are the primary cause of visibility
impairment.

As discussed in the preamble, the Grand Canyon Visibility Transport Commission
examined visibility impairment on the Colorado Plateau. Figuresli-4 and I1-5in the
Commission’s June 10, 1996 report titled “Recommendations for Improving Western Vistas’
contain estimates for the contribution of 11 different sources to the man-made visibility
impairment at Hopi Point. Figure Il-4 isfor annual average light extinction™ and Figure I1-5 for
the worst days. Each figure gives estimates for 1990, 2000, 2010, and 2040. In 2000, for both
annual average and worst days, the contribution from “Mobile” to light extinction is about 10
percent. EPA understands this category to consist of highway vehicles only, sincethereisa
separate category for “Non Road Diesel.” Furthermore, the “Mobile” category must exclude
dust caused by highway vehicle travel since thereis a separate category for “Road Dust.” The
road dust category is estimated to be responsible for about 30 percent of light extinction at Hopi
Point.

It is generally recognized that the traditionally-used emission factors and transport
assumptions for road dust have considerable uncertainty. Therefore, the contribution of road
dust may be overstated in these figures. If light extinction from highway vehiclesis expressed as
a percentage of all light extinction not attributable to road dust, the highway vehicle contribution
is 14 percent. Hence efforts to reduce highway vehicle emissions that cause light extinction can
contribute significantly to improved visibility on the Colorado Plateau.

The benefit/cost analysisin Chapter V11 includes the visibility-related economic benefits
that would result from implementation of the Tier 2/Sulfur proposal.

C. Air Toxics

This section summarizes our analysis of the impact of the proposed Tier 2/Sulfur
standards on emissions of and exposure to air toxics. Section C.1. reviews the effects of selected
air toxics emissions on human health. Section C.2. describes our analysis of air toxics emissions
and exposure and the effect that the proposed Tier 2/Sulfur standards may have on air toxics
emissions and exposure.

1. Health Effects

Our assessment of motor vehicle toxics focused on the following compounds with cancer

™ Light extinction is ameasure of visibility impairment.
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potency estimates that have or could have significant emissions from cars and light trucks:
benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and diesel PM. It should be noted,
however, that the EPA does not have an official quantitative estimate of diesel emissions
potency at present. The current estimate is still draft, as discussed below. A brief summary of
health effects information on these compounds follows. The information in this section is based
on our preliminary study of motor vehicle toxics emissions. The study will be peer reviewed in
the near future. We anticipate updating our estimates once the study completes peer review.

a Benzene

Benzene is an aromatic hydrocarbon which is present as a gas in both exhaust and
evaporative emissions from motor vehicles. Benzene in the exhaust, expressed as a percentage
of total organic gases (TOG), varies depending on control technology (e.g., type of catalyst) and
the levels of benzene and aromaticsin the fuel, but is generally about three to five percent. The
benzene fraction of evaporative emissions depends on control technology (i.e., fuel injector or
carburetor) and fuel composition (e.g., benzene level and Reid Vapor Pressure, or RVP) and is
generally about one percent.

The EPA has recently reconfirmed that benzene is a known human carcinogen by all
routes of exposure.” Respiration isthe major source of human exposure. At least half of this
exposure is by way of gasoline vapors and automotive emissions (EPA 1998a). Long-term
exposure to high levels of benzene in air has been shown to cause cancer of the tissues that form
white blood cells. Among these are acute nonlymphocytic” leukemia, chronic lymphocytic
leukemia and possibly multiple myeloma (primary malignant tumors in the bone marrow),
although the evidence for the latter has decreased with more recent studies.’®** Leukemias,
lymphomas, and other tumor types have been observed in experimental animals that have been
exposed to benzene by inhalation or oral administration (EPA 1985, Clement 1991). Exposure
to benzene and/or its metabolites has al so been linked with genetic changes in humans and
animals™ and increased proliferation of mouse bone marrow cells.*®* Furthermore, the occurrence
of certain chromosomal changes in individuals with known exposure to benzene may serve as a
marker for those at risk for contracting leukemia.'*

"Leukemiais ablood disease in which the white blood cells are abnormal in type or number. Leukemia
may be divided into nonlymphocytic (granulocytic) leukemias and lymphocytic leukemias. Nonlymphocytic
leukemia generally involves the types of white blood cells (leukocytes) that are involved in engulfing, killing, and
digesting bacteria and other parasites (phagocytosis) as well as releasing chemicasinvolved in allergic and immune
responses. Thistype of leukemia may also involve erythroblastic cell types (immature red blood cells).
Lymphocytic leukemiainvolves the lymphocyte type of white bloods cell that are responsible for the immune
responses. Both nonlymphocytic and lymphocytic leukemia may, in turn, be separated into acute (rapid and fatal)
and chronic (lingering, lasting) forms. For example; in acute myeloid leukemia (AML) there is diminished
production of normal red blood cells (erythrocytes), granulocytes, and platelets (control clotting) which leads to
death by anemia, infection, or hemorrhage. These events can be rapid. In chronic myeloid leukemia (CML) the
leukemic cells retain the ability to differentiate (i.e., be responsive to stimulatory factors) and perform function; later
thereisaloss of the ability to respond.
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The latest assessment by EPA places the excess risk of developing acute nonlymphocytic
leukemiaat 2.2 x 10° to 7.7 x 10®%ug/m®. In other words, thereisarisk of two to eight excess
acute nonlymphocytic leukemia cases in one million people exposed to 1ug/m? benzene over a
lifetime (70 years). These numbers represent the maximum likelihood (MLE) estimate of risk,
not an upper confidence limit (UCL).

A number of adverse noncancer health effects, blood disorders such as preleukemia and
aplastic anemia, have aso been associated with low-dose, long-term exposure to benzene (EPA
1985, Clement 1991, *°). People with long-term exposure to benzene may experience harmful
effects on the blood-forming tissues, especially the bone marrow. These effects can disrupt
normal blood production and cause a decrease in important blood components, such as red blood
cells and blood platelets, leading to anemia (a reduction in the number of red blood cells),
leukopenia (a reduction in the number of white blood cells), or thrombocytopenia (areduction in
the number of blood platelets, thus reducing the ability for blood to clot). Chronic inhalation
exposure to benzene in humans and animals results in pancytopenia®,a condition characterized by
decreased numbers of circulating erythrocytes (red blood cells), leukocytes (white blood cells),
and thrombocytes (blood platelets).’®!” Individuals that develop pancytopenia and have
continued exposure to benzene may develop aplastic anemia,” whereas others exhibit both
pancytopenia and bone marrow hyperplasia (excessive cell formation), a condition that may
indicate a preleukemic state.’®*** The most sensitive noncancer effect observed in humansiis the
depression of absolute lymphocyte counts in the circulating blood.*® A draft reference
concentration (RfC) has been developed for benzene. The reference concentration (RfC) isan
estimate of a continuous inhal ation exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious noncancer effects during
alifetime; these estimates frequently have uncertainty levels that span perhaps an order of
magnitude. The benzene RfC is 9 pg/m?, which means that long-term exposures to benzene
should be kept below 9 ug/m?® to avoid appreciable risks of these non-cancer effects.?

b. 1,3-Butadiene

1,3-Butadiene is formed in vehicle exhaust by the incomplete combustion of the fuel. It
is not present in vehicle evaporative and refueling emissions, because it is not present in any
appreciable amount in gasoline. 1,3-Butadiene accounts for 0.4 to 1.0 percent of total exhaust

°Pancytopeniais the reduction in the number of all three major types of blood cells (erythrocytes, or red blood
cells, thrombocytes, or platelets, and leukocytes, or white blood cells). 1n adults, all three major types of blood cells are
produced in the bone marrow of the vertebra, sternum, ribs, and pelvis. The bone marrow contains immature cells,
known as multipotent myeloid stem cells, that later differentiate into the various mature blood cells. Pancytopenia results
from areduction in the ability of the red bone marrow to produce adequate numbers of these mature blood cells.

P Aplastic anemiais a more severe blood disease and occurs when the bone marrow ceases to function, i.e.,
these stem cells never reach maturity. The depression in bone marrow function occurs in two stages - hyperplasia, or
increased synthesis of blood cell elements, followed by hypoplasia, or decreased synthesis. As the disease progresses, the
bone marrow decreases functioning. This myeloplastic dysplasia (formation of abnormal tissue) without acute leukemia
isknown as preleukemia. The aplastic anemia can progressto AML (acute mylogenous leukemia).
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TOG, depending on control technology and fuel composition.

EPA recently prepared a draft assessment that would determine sufficient evidence exists
to consider 1,3-butadiene a known human carcinogen.?? However, the Environmental Health
Committee of EPA’s Scientific Advisory Board (SAB), in reviewing the draft document, issued
amajority opinion that 1,3-butadiene should instead be classified as a probable human
carcinogen.® In the draft EPA assessment, the MLE estimate of alifetime extra cancer risk from
continuous 1,3-butadiene exposure is about 3.9 x 10%ug/m®. In other words, it is estimated that
approximately 4 persons in one million exposed to 1 pg/m? 1,3-butadiene continuously for their
lifetime (85 yearsin this case) would develop cancer as aresult of their exposure. Lower
exposures are expected to result in risks that are lower.

1,3-Butadiene also causes a variety of reproductive and developmental effectsin mice
and rats (no human data) when exposed to long-term, low doses of butadiene (EPA 1998c). The
most sensitive effect was reduced litter size at birth and at weaning. These effects were observed
in studies in which male mice exposed to 1,3-butadiene were mated with unexposed females. In
humans, such an effect might manifest itself as an increased risk of spontaneous abortions,
miscarriages, still births, or very early deaths. Long-term exposures to 1,3-butadiene should be
kept below its reference concentration of 0.33 wg/m? to avoid appreciable risks of these
reproductive and developmental effects (EPA 1998c).

C. Formaldehyde

Formaldehyde is the most prevalent aldehyde in vehicle exhaust. It isformed from
incomplete combustion of both gasoline and diesel fuel and accounts for one to four percent of
total exhaust TOG emissions, depending on control technology and fuel composition. It is not
found in evaporative emissions.

Formal dehyde exhibits extremely complex atmospheric behavior.®* It is present in emis-
sions and is also formed by the atmospheric oxidation of virtually all organic species, including
biogenic (produced by aliving organism) hydrocarbons. Mobile sources contribute both primary
formaldehyde (emitted directly from motor vehicles) and secondary formaldehyde (formed from
photooxidation of other VOCs emitted from vehicles). The mobile source contribution is
difficult to quantify, but it appears that at least 30 percent of formaldehyde in the ambient air
may be attributable to motor vehicles (EPA 1993a).

EPA has classified formal dehyde as a probable human carcinogen® based on limited
evidence for carcinogenicity in humans and sufficient evidence of carcinogenicity in animal
studies, rats, mice, hamsters, and monkeys. Epidemiological studiesin occupationally exposed
workers suggest that long-term inhalation of formaldehyde may be associated with tumors of the
nasopharyngeal cavity (generally the area at the back of the mouth near the nose), nasal cavity,
and sinus (Clement 1991, EPA 1993a). Studiesin experimental animals provide sufficient
evidence that long-term inhalation exposure to formal dehyde causes an increase in the incidence
of squamous (epithelial) cell carcinomas (tumors) of the nasal cavity (Clement 1991, EPA
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1993a, EPA 1987). Thedistribution of nasal tumorsin rats suggests that not only regional
exposure but also local tissue susceptibility may be important for the distribution of
formaldehyde-induced tumors (Clement 1991, EPA 1993a). Research has demonstrated that
formaldehyde produces mutagenic activity in cell cultures.

The MLE estimate of alifetime extra cancer risk from continuous formaldehyde
exposureis about 1.3 x 10%/pg/m2. In other words, it is estimated that approximately 1 personin
one million exposed to 1 pg/m? formaldehyde continuously for their lifetime (70 years) would
develop cancer as aresult of their exposure. Lower exposures are expected to result in risks that
are lower.

Formal dehyde exposure also causes a range of noncancer health effects. Atlow
concentrations (0.05-2.0 ppm), irritation of the eyes (tearing of the eyes and increased blinking)
and mucous membranesis the principal effect observed in humans. At exposureto 1-11 ppm,
other human upper respiratory effects associated with acute formaldehyde exposure include adry
or sore throat, and a tingling sensation of the nose. Sensitive individuals may experience these
effects at lower concentrations. Forty percent of formaldehyde-producing factory workers
reported nasal symptoms such as rhinitis (inflammation of the nasal membrane), nasal
obstruction, and nasal discharge following chronic exposure.?® In persons with bronchial
asthma, the upper respiratory irritation caused by formaldehyde can precipitate an acute
asthmatic attack, sometimes at concentrations below 5 ppm;?” formal dehyde exposure may also
cause bronchial asthmarlike symptoms in nonasthmatics.?*% However, it is unclear whether
asthmatics are more sensitive than nonasthmatics to formal dehyde's effects.®

Immune stimulation may occur following formaldehyde exposure, although conclusive
evidenceis not available. Also, little is known about formaldehyde's effect on the central
nervous system. Several animal inhalation studies have been conducted to assess the
developmental toxicity of formaldehyde: The only exposure-related effect noted was decreased
maternal body weight gain at the high-exposure level but no adverse effects on reproductive
outcome of the fetuses that could be attributed to treatment were noted. An inhalation reference
concentration (RfC), below which long-term exposures would not pose appreciable non-cancer
health risks, is not available for formaldehyde at this time.

d. Acetaldehyde

Acetaldehyde is a saturated aldehyde that is found in vehicle exhaust and is formed as a
result of incomplete combustion of both gasoline and diesel fuel. It isnot a component of
evaporative emissions. Acetaldehyde comprises 0.4 to 1.0 percent of exhaust TOG, depending
on control technology and fuel composition.

The atmospheric chemistry of acetaldehyde is similar in many respects to that of
formaldehyde (Ligocki et al., 1991, *). Like formaldehyde, it can be both produced and
destroyed by atmospheric chemical transformation, so mobile sources contribute to ambient
acetaldehyde levels both by their primary emissions and by secondary formation resulting from
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their VOC emissions. Data from emission inventories and atmospheric modeling indicate that
roughly 40 percent of the acetaldehyde in ambient air may be attributable to mobile sources.

Acetaldehyde emissions are classified as a probable human carcinogen. The MLE
estimate of alifetime extra cancer risk from continuous acetal dehyde exposure is about 0.78 x
10%ug/m3. In other words, it is estimated that less than 1 person in one million exposed to 1
ug/m? acetaldehyde continuously for their lifetime (70 years) would develop cancer as aresult of
their exposure.

Non-cancer effectsin studies with rats and mice showed acetaldehyde to be moderately
toxic by the inhalation, oral, and intravenous routes.>33* The primary acute effect of exposure
to acetaldehyde vaporsisirritation of the eyes, skin, and respiratory tract. At high
concentrations, irritation and pulmonary effects can occur, which could facilitate the uptake of
other contaminants. Little research exists that addresses the effects of inhalation of acetaldehyde
on reproductive and developmental effects. Thein vitro and in vivo studies provide evidence to
suggest that acetaldehyde may be the causative factor in birth defects observed in fetal acohol
syndrome, though evidence is very limited linking these effects to inhalation exposure Long-
term exposures should be kept below the reference concentration of 9 ug/m?® to avoid appreciable
risk of these non-cancer health effects.®

e. Diesel Particulate M atter

The particulate matter (PM) from diesel exhaust typically consists of asolid core,
composed mainly of elemental carbon, which has a coating of various organic and inorganic
compounds. The diameter of diesel particlesis very small with typically 75-95 percent of the
particle mass having a diameter smaller than 1.0 um. The characteristically small particle size
increases the likelihood that the particles and the attached compounds will reach and lodge in the
deepest and more sensitive areas of the human lung. Both the diesel particle and the attached
compounds may be influential in contributing to a potential for human health hazard from long
term exposure.

The heavy-duty highway and off-road diesel engines, as a group, account for most of the
diesel particulate emissions currently released into ambient air.*® Diesel particulate matter is
mainly attributable to the incomplete combustion of fuel hydrocarbons, though some may be due
to engine ail or other fuel components.

In two human studies on railroad workers, and one on truckers, occupationally exposed
to diesel exhaust (EPA 1998d), it was observed that long-term inhalation of diesel exhaust
produced an excess risk of lung cancer. Taken together, the human studies show a positive
association between diesel exhaust exposure and lung cancer. Studiesin experimental animals
provide additional evidence that long-term inhalation exposure to high levels of diesel
particulate may pose a significant cancer risk. Research has demonstrated that exposure to high
diesel exhaust levels causes an increase in lung tumors in two strains of rats and two strains of
mice (EPA 1998d). Also, asaresult of extensive studies, the direct-acting mutagenic activity of
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both the particle and gaseous fractions of diesel exhaust has been shown (EPA 1998d).

EPA’sdraft Diesel Health Assessment identifies both lung cancer as well as several other
adverse respiratory health effectsincluding respiratory tract irritation, immunological changes,
and changes in lung function, as possible concerns for long term exposure to diesel exhaust. The
evidence in both cases comes from the studies involving occupational exposures and or high
exposure animal studies mentioned above, and the Health Assessment, when completed, will
recommend how the data should be interpreted for lower environmental levels of exposure. The
draft Health Assessment is currently being revised to address comments from a peer review
panel of the Clean Air Science Advisory Committee. Based on human epidemiology studies, the
draft MLE estimate of a lifetime extra cancer risk from continuous diesel exhaust particulate
exposure ranges from 3.0 x 10-4 to 1.0 x 10-3/ug/m3. In other words, it is estimated that
approximately 300 to 1000 persons in one million exposed to 1 pg/m3 diesel exhaust particulate
continuously for their lifetime (70 years) would develop cancer as aresult of their exposure.

The California Air Resources Board has identified diesel exhaust PM asa*“toxic air
contaminant” under the state' s air toxics program, based on the information available on cancer
and non-cancer health effects. Californiaisin the process of determining the need for, and
appropriate degree of, control measures for diesel exhaust particulate matter. Note that
Californialimited itsfinding to diesel particulate matter, as opposed to diesel exhaust. EPA’s
assessment activities of diesel exhaust PM are coincident with, but independent from,
California s evaluation.

Particulates (i.e, particulate matter, PM) are a prominent part of diesel exhaust and play a
role in contributing to total ambient PM, especialy PM ,5 (PM lessthan 2.5 pm in diameter).
This means that EPA’ s new National Ambient Air Quality Standard for PM, ¢ provides another
health-based reference point. Diesel exhaust particles may pose a particularly serious health risk
since more than 75 percent of the particles can be less than 1pm and the smaller diesel particles
can be inhaled and deposited deeper in the lung. Diesel particles also have alarge surface area
per unit mass and carry a coating of organic compounds with them which may contribute to the
health effects observed from particles. At the present time, EPA believes that for many people,
keeping long term exposures to diesel particulate matter at or below 5 ug/m? provides an
adequate margin of safety for the noncancer respiratory hazards.®

2. Assessment of Emissions and Exposure

In 1993, EPA released the "Motor Vehicle-Related Air Toxics Study” to meet the
requirements of Section 202(1)(1) of the Clean Air Act, which required EPA to complete a study
of the need for, and feasibility of, controlling emissions of toxic air pollutants associated with
motor vehicles and motor vehicle fuels (EPA 1993a). In 1998, EPA updated the emissions and
exposure analyses done for this study to account for new information®* Base scenarios for
1990, 1996, 2007, and 2020 were included in the assessment, as well as several control scenarios
in 2007 and 2020. Toxic emissions and exposure were modeled for the following urban areas:
Chicago, Denver, Houston, Minneapolis, New Y ork, Philadelphia, Phoenix, Spokane, and St.
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Louis. Resultsfor these urban areas were extrapolated nationwide. As mentioned previously,
EPA has assessed emissions, and exposure from the following air toxics. benzene,
formaldehyde, acetaldehyde, 1,3-butadiene, and diesel particulate matter. An assessment of the
cancer and non-cancer effects of mobile source emissions of these compounds has not yet been
completed as part of the updated analyses.

This subsection describes the analysis we have conducted to update our 1993 study.
Subsection C.2.a. discusses the emission modeling conducted for mobile source gaseous air
toxics (including both exhaust and nonexhaust air toxics) and diesel PM. Subsection C.2.b.
describes how we calculated nationwide air toxic emissions for our baseline scenario, which
assumed continuation of the National Low Emission Vehicle program indefinitely. Subsection
C.2.c. describes our analysis of air toxics exposure for our baseline scenario. Subsection C.2.d.
describes our analysis of the effects of various vehicle and fuel control scenarios on air toxics
emissions and exposure. It also describes how we used those analyses to estimate the effect of
the proposed Tier 2/Sulfur standards on air toxics emissions. This subsection aso reviews our
analysis of the potential impact of increased diesel engine usein light trucks on diesel PM
emissions and exposure.

a. Emissions Modeling
I Gaseous Air Toxics Emissions Modeling

In these analyses, emissions of benzene, formaldehyde, acetaldehyde, and 1,3-butadiene
were estimated using a toxic emission factor model, MOBTOX5b. This model is based on a
modified version of MOBILESb, which estimates emissions of regulated pollutants, and
essentially appliestoxic fractions to TOG estimates. The TOG basic emission rates used in this
modeling were similar, but not identical, to the rates used for previous modeling studies. The
model accounted for differencesin toxic fractions between technology groups, driving cycles,
and normal versus high emitters. Impacts of fuel formulations were also addressed in the
modeling. Motor vehicle toxic emissions were modeled for the following urban areas. Chicago,
Denver, Houston, Minneapolis, New Y ork, Philadelphia, Phoenix, Spokane, and St. Louis.

Exhaust Emissions

Analysis of speciation datafrom 1990 technology light-duty gasoline vehicles done for
the EPA Complex Model for Reformulated Gasoline showed that the fraction of toxic emissions
relative to TOG differs among eight technology groups within the Complex Model as well as
between normal emitters and high emitters.®® This differenceis especialy significant for 1,3-
butadiene; its TOG fraction is about three times larger for high emitters than for normal emitters.
If this difference is not taken into account, the impact of 1/M programs and fleet turnover to
vehicles with lower deterioration rates will be underestimated. Thus, the input format for
exhaust toxic adjustment factorsin MOBTOX5b was structured to allow input of high and
normal emitter toxic emission rates for agiven “target” fuel. These toxic emission rates were
then weighted to come up with a composite toxic emission factor, based on a distribution of

[11-56



Chapter Ill: Environmental Impact

normal and high emitters. This distribution is not supplied directly by the MOBILE model.
Instead, this distribution was determined from the fleet average TOG emission rate on baseline
fuel as determined by MOBILE and average normal and high TOG emission rates on baseline
fuel derived from the Complex Model. Essentially, “toxic-TOG curves’ were developed that
plot the target fuel toxic emission rate against the base fuel TOG emission rate.

To construct these curves, the distribution of normal and high emitters was determined in
the following manner for each model year. A TOG gram per mile emission rate for normal
emitters (TOG-N) and a TOG emission rate for high emitters (TOG-H) on baseline fuel were
input into MOBTOX5b. TOG-N from newer technology light-duty gasoline vehicles and trucks
were obtained from an unconsolidated version of the Complex Model, which provides output for
normal emittersin each of eight technology groups. The Complex Model provides estimates for
mass of exhaust VOC, which is TOG minus the mass of methane and ethane. TOG was
estimated by applying a conversion factor which accounts for the mass of these compounds. The
conversion factor was derived by analysis of weight percent emissions of methane and ethane
from available speciation data. Based on the distribution of technology groupsin given model
year, theindividual TOG estimates were weighted appropriately to obtain a composite estimate
for al normal emitters. Since the unconsolidated model’s TOG-N emission rates are applicable
only to Tier O light duty vehicles, they had to be adjusted for Tier 1 and later vehicles. This
adjustment was performed by multiplying the unconsolidated model results by the ratio of the
emission standard for these later vehicles to the Tier 0 emission standard. TOG-H was also
obtained from the unconsolidated version of the Complex Model. TOG-H was assumed to be
the samefor all Tier O and later vehicles.

For benzene, 1,3-butadiene, formaldehyde, and acetal dehyde, milligram per mile toxic
emission rates for normal and high emitters running on a given fuel formulation were also
entered into MOBTOX5b, using output from the unconsolidated version of the Complex Model.

An example of the datafile format is provided in Table I11-32. Using the information in
the datafile, an overall FTP toxic emission rate for each vehicle classin a given model year is
calculated. Thisoverall rate takes into account the distribution of normal and high emitters by
calculating the slope and intercept of a straight line (the “toxic-TOG” curve), where the FTP
toxic emission rates for a vehicle classin agiven model year are alinear function of the baseline
fuel TOG emission rate:

TOXgy, rue A, e = A + B*TOGg segine v, rre - (1)

A and B are determined as follows:
A = (TOG-H*TOX-N - TOG-N*TOX-H)/(TOG-H - TOG-N) (2)
B = (TOX-H - TOX-N)/(TOG-H - TOG-N) (3)

where:
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TOX-N = toxic emission rate for normal emitters derived from the Complex Model
TOX-H =toxic emission rate for high emitters derived from the Complex Model

Tablel11-32. Example of Data File Format for Toxic Adjustment Factors

1965 1974 0.000 10.00 0.00 276.93 0.00 109.72 0.00 224.28 0.00 93.15

1975 1980 0.000 10.00 0.00 263.61 0.00 108.70 0.00 17341 0.00 4457

1981 1987 0.640 4.03 28.63 113.23 5.07 32.89 7.16 44.59 214 25.84

|LI MYA MYB TOG-N TOG-H BZ-N BZ-H AC-N AC-H FR-N FR-H BD-N BD-H
1
1
1
1

1988 1999 0.570 4.03 17.49 116.45 4.02 28.65 5.67 36.68 2.04 30.82

IV = vehicleclass, MYA = initia model year, MY B = final model year, TOG-N = TOG for
normal emitters running on baseline fuel in g/mi, TOG-H = TOG for high emitters on baseline
fuel in g/mi, BZ = benzene in mg/mi for vehicles running on fuel A, AC = acetaldehyde in
mg/mi on fuel A, FR = formaldehyde in mg/mi on fuel A, BD = 1,3-butadiene in mg/mi on fuel
A

These relationships can be thought of graphically, asillustrated in Figure 111-19, below.

Hypothetical Benzene-TOG Curve
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Figurelll-19. Example Plot of Target Fuel Benzene Versus
Baseline Fuel TOG under FTP Conditions

An issue related to the above methodology is whether the linear assumption isvalid for baseline
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TOG values above the high emitter point and below the normal emitter point. Thisis
particularly relevant in cases where A and B values are determined from Tier O vehicles (e.g., the
Complex model), but the results are applied to Tier 1 and LEV-category vehicles. For the ssmple
example presented above, negative benzene emissions are estimated for the target fuel when the
baseline fleet-average TOG emission rate falls below 0.295 g/mi. Thus, for fleet-average
emission rates below (and above) the normal (and high) emitter values, a different methodology
was needed. In those cases, it was assumed that the toxic emission rate was the same on a
fractional basis. For the example above, the benzene emission rate for a baseline TOG value of
0.1 g/mi would be calculated as follows:

BZ roc=01gmy = 0.1 g/mi * (16 mg/mi BZ / 0.5 g/mi TOG) = 3.2 mg/mi

This has the effect of forcing the toxic-TOG curve from the normal-emitter point back through
the origin and thus avoids negative toxic emission rate estimates for Tier 1 and LEV -category
vehicles. The same approach is used in cases where the fleet-average baseline TOG emission
rate is above the high emitter point.

For non-light duty vehicle classes and older technology light-duty vehicles, such as non-
catalyst and oxidation catalyst vehicles, adequate toxic emissions data were not available to
distinguish between emission rates of normal and high emitters. In such cases, the toxic fraction
was assumed to be constant.

Next, aggressive driving corrections were applied to the FTP toxic emission rates for
light duty vehicles. These corrections were provided in an external datafile and were
multiplicative in form. Several recent studies suggest that toxic fractions of TOG differ between
FTP and aggressive driving conditions™#** Thus, another adjustment to the toxic emission rates
was applied to take into account this difference in toxic fractions. This adjustment took the form
of the ratio of the toxic mass fraction over the unified cycle (FTP and off-cycle) to the toxic mass
fraction over the FTP. The adjustment was obtained from an analysis of unpublished CARB
data as described in Sierra Research et al. (Sierra 1998). The toxic emission rate under the
unified cycle (FTP and off-cycle) was calculated in the model as follows:

TOXUC = TOXFI’P * AD‘]Aggressive Driving * ADJTOX UCIFTP (4)

where
TOXyc = Unified Cycle toxic emission rate
TOX~p= FTPtoxic emission rate
ADJpyyessvenriving =  Adjustment to TOG emissions for aggressive driving
ADJ;ox uerre = Adjustment for difference in toxic mass fraction over the UC versus FTP

Next, toxic emission rates were adjusted in the model to take into account air
conditioning effects on light duty vehicles. In the absence of data, we assumed that FTP-based
toxic fractions will apply to the increased TOG mass as aresult of air conditioning usage. Thus,
the increase in TOG mass as aresult of air conditioner usage was estimated from model year-
specific corrections for air conditioner use on TOG emissions. The corrections were provided in
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an external datafilein the model. The model calculates the increase in toxic emissions as a
result of air conditioner use asfollows:

TOX e = TOXep * ADyc (5)

where
TOX,,c = Increase in toxic emissions as aresult of air conditioning usage
TOXp = toxic emission rate under FTP conditions
ADJ,,c = Air conditioner usage adjustment for TOG

This result was then added to the TOX . estimate for an overall in-use toxic emission rate.
MOBTOX5b then applies temperature, speed, humidity and load corrections.

Evaporative, Refueling, Running Loss, and Resting Loss Emissions

MOBTOX5b estimated evaporative, refueling, running loss, and resting loss toxic
emissions for benzene. (1,3-Butadiene, formaldehyde, and acetaldehyde are not found in fuel
and hence are not found in nonexhaust emissions. Because their nonexhaust emissions are zero,
they were not included in the portions of MOBTOX5b used to estimate nonexhaust emissions.)
Benzene fractions of total hydrocarbons were entered in an external datafile. Separate fractions
were entered for hot soak, diurnal, refueling, running loss, and resting loss. Toxic fractions for
evaporative, refueling and running loss benzene from gasoline vehicles were obtained from the
Complex Model (EPA 1994). The Complex Model does not estimate resting loss emissions.
EPA assumed that the benzene fractions of diurnal and resting loss emissions were the same.

ii. Diesel PM Emissions Modeling

To estimate diesel PM emissions, we used EPA’s PART5 model. PARTS issimilar in
structure and function to the MOBILE series of models. It calculates exhaust and non-exhaust
(e.g., road dust) particulate emissions for each vehicle classincluded in the MOBILE models.
Only primary exhaust PM emission rates from diesel vehicles were included in these analyses
since cancer potencies are not available for PM emissions such as tire and brake wear or for
secondary PM formed through transformation of diesel engine emissions of SOx, NOx, and
VOC. A particle size cut-off of 10 pm was specified in the model inputs since essentialy all
primary exhaust PM from diesel enginesis smaller than 10 pm.

b. Nationwide Toxic Emissions Estimates — Basaline Scenario

Nationwide urban emission estimates were devel oped by mapping each county in the
United States to one of the modeled urban areas, based primarily on geographic considerations
(Sierra, 1998). The resulting county level emission rates were weighted by VMT estimates to
come up with average nationwide rates. Average nationwide emission rates for baseline
scenarios in 1990, 1996, 2007, and 2020 are given in Table [11-33. The baseline scenario
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assumed implementation of NLEV standards (0.09 g/mi) for light-duty gasoline vehicles and
light duty trucks under 6000 Ibs. gross vehicle weighting, Tier 1 standards for light-duty trucks
over 6000 Ibs., and amix of conventional gasoline and Phase 2 reformul ated gasoline with no
additional sulfur control.

Tablell1-33. Average Nationwide Highway Vehicle Toxic Emission Rates (mg/mi)
In 1990, 1996, 2007, and 2020, for Baseline Scenarios.

Toxic CY 1990 CY 1996 CY2007 CY2020
Benzene 126 62 26 16
Acetaldehyde 19 14 6 3
Formaldehyde 61 35 14 8
1,3-Butadiene 17 9 3 2
Diesel PM 93 62 23 17

A number of rough approximations had to be made due to the small number of cities
actually modeled. For instance, most of the South was mapped to Houston, a reformul ated
gasoline area, even though most Southern cities do not require reformulated gasoline. Also, all
of Californiawas mapped to Phoenix, which does not take into account the California LEV
program. EPA plansto perform additional modeling prior to the final rulemaking to improve the
national estimate. Despite these limitations, however, the nationwide exposure estimates should
provide reasonabl e approximations.

C. Exposure— Baseline Scenario

Exposure modeling was done for 1990 using the Hazardous Air Pollutant Exposure
Model for Mobile Sources, Version-3, or HAPEM-MS3.* This model uses CO as atracer for
toxics. Since most ambient CO comes from cars and light trucks, we believe CO exposureis an
reasonable surrogate for exposure to other motor vehicle emissions, including toxics emissions.
The HAPEM model links human activity patterns with ambient CO concentration to arrive at
average exposure estimates for 22 different demographic groups (e.g., outdoor workers, children
0to 17, working men 18 to 44, women 65+, etc.) and for the total population. The model
simulates the movement of individuals between home and work and through a number of
different microenvironments. The CO concentration in each microenvironment is determined by
multiplying ambient concentration by a microenvironmental factor.

With the 1990 CO exposure estimates generated by HAPEM model for each urban area,

EPA determined the fraction of exposure that was a result of on-road motor vehicle emissions.
This calculation was accomplished by scaling the exposure estimates (which reflect exposure to

[1-61



Tier 2/Sulfur Draft Regulatory Impact Analysis - April 1999

total ambient CO) by the fraction of the 1990 CO emissions inventory from on-road motor
vehicles, determined from the EPA Emission Trends database.”® Nationwide urban CO exposure
from on-road motor vehicles was estimated by first calculating a population-weighted average
CO exposure for the nine modeled areas. This number was adjusted by applying aratio of
population-weighted annual average CO for urban areas in the entire country versus average
ambient CO concentration for the modeled areas. To estimate rural exposure, the urban estimate
was scaled downward using rough estimates of urban versus rural exposure from the 1993 Motor
Vehicle-Related Air Toxics Sudy (EPA 1993a).

Modeled onroad CO exposure for 1990 was divided by 1990 CO grams per mile emission
estimates to create a conversion factor. The conversion factor was applied to modeled toxic
emission estimates (in grams per mile terms) to determine exposure to onroad toxic emissions, as
shown in Equation 6:

TOX Exposure(ug/m?3) = [COExposure(ug/mS)/ C:()EF(g/mi)] 1990 X TOX EF(g/mi) (6)

where TOX reflects one of the six toxic pollutants considered in this study.

The exposure estimates for calendar years 1996, 2007, and 2020 were adjusted for VMT
growth relative to 1990. 1,3-Butadiene exposure was adjusted for atmospheric transformation.
The multiplicative factors used were 0.44 for summer, 0.70 for spring and fall, and 0.96 for
winter.*® In contrast, estimated exposure to formal dehyde and acetal dehyde was based on direct
emissions. For these pollutants, removal of direct emissionsin the afternoon was assumed to be
offset by secondary formation. Table 111-34 presents annual average exposure estimates for the
entire population. Estimates were also developed for outdoor workers, and children O - 17 years
of age. Exposure among outdoor workers was higher than for the entire population, and among
children it was dlightly lower.

Tablel11-34. Average Nationwide Highway Vehicle Toxic Exposure (pg/m?)
I'n 1990, 1996, 2007, and 2020, for Baseline Scenarios.

Toxic CY 1990 CY 1996 CY2007 CY2020
Benzene 1.35 0.90 0.46 0.36
Acetaldehyde 0.20 0.20 0.10 0.08
Formaldehyde 0.66 0.51 0.26 0.20
1,3-Butadiene 0.14 0.09 0.04 0.04
Diesel PM 0.99 0.89 0.42 0.40

It should be noted that recent California-EPA studies estimated a popul ation-weighted
average outdoor diesel exhaust PM,, (particulate matter < 10 um) exposure for 1995.%
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California also estimated indoor and total exposure concentrations for 1995. The 1995 indoor
and total air exposure concentrations were estimated to be 1.47 ug/m?® and 1.54 ug/m?,
respectively. This estimate compares to the estimated annual average nationwide diesel PM
1996 exposure estimate of 0.89 pg/m?®in Table 111-37. The difference may be due to differences
in estimates of emission rates, exposure patterns, the concentration of diesel vehicle traffic, or
the spatial distribution of diesel engine emissions.

d. I mpact of Potential Vehicleand Fuel Controls
The following control scenarios for 2007 and 2020 were assessed:

. base fuels and emissions with NLEV and a 40 ppm sulfur standard.

. NLEV, 40 ppm sulfur, and 0.055 NMHC standard in 2004 for light duty gasoline
vehicles and trucks.

. NLEV, 40 ppm sulfur, 0.055 NMHC standard, and light duty diesel trucks 50 percent of
light duty truck salesin 2004 (phased in starting in 2001)

Although none of these scenarios represent the standards actually being proposed, the
assessment shows that VOC emission reductions would reduce the health risk posed by many of
the hazardous air pollutants emitted by light-duty vehicles and trucks beyond what was projected
under baseline conditions. Estimates of the impact of VOC reductions from a 0.055 gram per
mile NMHC standard for the full useful life of the vehicle, combined with a 40 ppm sulfur
standard, on toxics emissions and exposure, are provided in Tables 111-35 through 111-39. Actual
reductions under the standards being proposed would be smaller, since the VOC emission
standards being proposed are less stringent. Under the proposed standards, VOC emissions
would be about 20 percent larger than under the 0.055 NMHC/40 ppm sulfur scenario modeled;
thus asimilar difference would be expected for gaseous toxics emissions and exposure.? Table
[11-39 presents gaseous toxics exposure under the proposed standards, assuming the impact on
toxics exposure is equivaent to the impact on VOC emissions.

The 1998 revision to the 1993 Motor Vehicle-Related Air Toxics Sudy also evaluated the
potential increase in diesel PM emissions and exposure due to increased use of diesel enginesin
light trucks. Diesel engines are used in avery small portion of the cars and light-duty trucksin
service today. However, engine and vehicle manufacturers have projected that diesel engines are
likely to be used in an increasing share of light trucks. Some manufacturers have announced
capital investmentsto build such engines. The 1998 study evaluated the potential increasein
diesel PM emissions and exposure associated with introducing more diesel enginesinto the light-
duty fleet, absent any action by EPA to mitigate those risks. An extreme case was model ed,
with light duty diesel trucks accounting for 50 percent of light-duty truck salesin 2004, phased

9The difference in toxic reductions would not be exactly the same, since fleet average toxic emissions are
affected differently by such factors the distribution of normal and high emitters, and the mix of vehicle control
technologies.
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in starting in 2001.

The impact of such increased diesel penetration on emissions and exposure are provided
in Tables 111-35 through 111-39. Based on the exposure estimates for 2020, the potential
nationwide cancer risk from diesel particulate matter would increase by 137 percent under this
scenario. Beyond 2020, the health risks would be even greater for two reasons. First, the
proportion of light trucks equipped with diesel engines would continue to increase as the older,
gasoline-powered trucks are replaced by amix of gasoline and diesel trucks. Second, continued
growth in the total number of miles driven would increase diesel PM emissions.

It should be noted that thisincrease in diesel salesis more rapid than the increasein
diesel sales analyzed for its effect on direct and secondary PM levels, which assumes that diesel
engines do not reach 50 percent of light truck sales until 2010. However, both analyses assume
that diesel engines’ share of light truck sales eventually reach the same level, and the two
analyses' estimates of the total number of diesel trucks on the road tend to converge after 2010.
Under this more gradual phase-in schedule, the increase in nationwide cancer risk would be
dlightly lower, about 128 percent. This estimate was developed by adjusting the estimated
potential increase in risk for the more rapid phase-in to reflect the approximately four percent
decrease in projected diesel PM emissions in 2020 that would result from the more gradual
phase-in schedule.

Under both phase-in scenarios, we have estimated that the proposed Tier 2 standards for
PM emissions from light-duty gasoline vehicles and trucks would reduce the potential increase
in diesel PM cancer risk from cars and light trucks by over 85 percent. The potential number of
cancers avoided would be even larger in future years as the proportion of diesel-powered light-
duty trucks, and the number of miles they are driven, increased.
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Tablell11-35. Average Nationwide Highway Vehicle

Toxic Emission Rates (mg/mi) in 2007, for Various Scenarios

0.055 NMHC
No New 0.055 NMHC ;?nndGngol iioe
Toxic Controls 40g)errr:a8rlij(l)fur Stang]agjl\]f\g:lo Sulfur, & High
Scenario pgcenario Diesel Sales
Scenario (50%
of 2004 Sales)
Benzene 25.54 24.43 23.44 20.89
Acetaldehyde 554 5.43 5.29 5.23
Formaldehyde 14.30 14.38 14.04 14.15
1,3-Butadiene 3.26 2.96 2.86 2.82
Diesel PM 23.36 23.36 23.36 38.69
Tablelll1-36. Average Nationwide Highway Vehicle
Toxic Emission Rates (mg/mi) in 2020, for Various Scenarios
0.055 NMHC 0.055 NMHC
Sandard w/40 Sandard, 40
No New ppm Sulfur ppm Gasoline
Toxic Controls gge%%r:;?nfur Scenario Sulfur, & High
Scenario Diesdl Sales
Scenario (50%
of 2004 Sales)
Benzene 15.61 14.68 11.36 9.02
Acetaldehyde 3.39 3.29 2.82 2.77
Formaldehyde 8.42 8.45 7.29 7.45
1,3-Butadiene 2.29 2.04 1.69 1.53
Diesel PM 17.42 17.42 17.42 41.29
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Tablell1-37. Average Nationwide Highway Vehicle Toxic Exposuresfor the Entire
Population (ug/m?) in 2007, for Various Scenarios

0.055 NMHC

No New 0.055 NMHC psrtJ?nndGZrSol id;loe

Toxic Controls 40£Cperrr]1a8rlij(ljfur Stanr?]agl\fl\gf'o ulfur, & High

Scenario pgcenario Diesel Sales

Scenario (50%

of 2004 Sales)
Benzene 0.46 0.44 0.42 0.37
Acetaldehyde 0.10 0.10 0.095 0.094
Formal dehyde 0.26 0.26 0.26 0.26
1,3-Butadiene 0.044 0.040 0.038 0.038
Diesal PM 0.42 0.42 0.42 0.70

Tablell1-38. Average Nationwide Highway Vehicle Toxic Exposuresfor the Entire
Population (ug/m?®) in 2020, for Various Scenarios

0.055 NMHC 0.055 NMHC
Sandard w/40 Sandard, 40
. ppm Sulfur ppm Gasoline
Toxic No 'glgni/r?élfur 40§£)er2a8rliJ(I)fur Scenario Sulfur, & High
Diesel Sales
Scenario (50%
of 2004 Sales)
Benzene 0.36 0.34 0.26 0.21
Acetaldehyde 0.078 0.075 0.064 0.064
Formaldehyde 0.20 0.20 0.17 0.17
1,3-Butadiene 0.039 0.035 0.029 0.026
Diesel PM 0.40 0.40 0.40 0.96
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Tablell1-39. Average Nationwide Highway Vehicle Gaseous Toxic Exposuresfor the
Entire Population (ug/m?) in 2020, under proposed Tier 2 standards.

Toxic Exposure (ug/n7)
Benzene 0.25
Acetaldehyde 0.077
Formaldehyde 0.21
1,3-Butadiene 0.031

e. Limitations

The analysis referenced above was conducted by Sierra Research for the Office of
Mobile Sources. It will undergo formal scientific peer review in the near future. Once that
review is complete and the peer review comments are addressed, OM S expects to conduct a
formal risk assessment on health risk of toxic emissions from mobile sources for the final rule.
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A. Feasibility of Tier 2 Exhaust Emission Standardsfor LDVsand LDTs
1. NM OG and NOx Emissions from Gasoline-Fueled Vehicles

Emission control technology has evolved rapidly since the passing of the CAA
Amendments of 1990. Emission standards applicable to 1990 model year vehicles required
roughly 90 percent reductions in exhaust HC and CO emissions and a 75 percent reduction in
NOx emissions compared to the uncontrolled emissions. Some vehicles currently in production
show overall reductions in these three pollutants of more than 99 percent. These vehicles
emissions are well below those necessary to meet the current federal Tier 1 and even California
LEV standards.

A number of technological advances and breakthroughs have allowed these significant
emission reductions to occur without the need for expensive, exotic equipment and fuels. For
example, ARB originally projected that many vehicles would require electrically heated catalysts
to meet their LEV program requirements. Today, no manufacturer is expected to use these
devicesto comply with the LEV program requirement. EPA projected that alternative fuels,
such as methanol or natural gas, may be needed to meet these low emission levels. Today, while
vehicles using these aternative fuels are capable of meeting the CaliforniaLEV requirements,
so are vehicles fueled with gasoline.

The most significant improvements which have facilitated these low emission levels have
been to traditional catalysts, which now warm up very rapidly and are substantially more durable
than past technology, and to fuel metering, which is more precise and accurate than previous
systems. Improvements have also been made to base engine designs, which have resulted in
lower engine-out emissions. Reduction of combustion chamber crevice volumes and oil
consumption are examples of improvements to base engine designs.

Table V-1 below lists specific types of emission controls which EPA projects will be
needed in order for LDVsand LDTsto meet the proposed Tier 2 standards. It isimportant to
point out that the use of all of the following technologies is not necessarily required to meet the
proposed Tier 2 standards. The choices and combinations of technologies will depend on several
factors, such as current engine-out emission levels, effectiveness of existing emission control
systems, and individual manufacturer preferences. 1n some cases, such as projected increasesin
catalyst volume and precious metal loading, EPA believes that most, if not all, LDVsand LDTs
will use the specified emission control technique.
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TablelV-1. Emission Control Hardware and Techniques
Projected to Meet Proposed Tier 2 Vehicle Standards

Emission Control Technologies
Fast Light-Off Exhaust Gas Oxygen Sensor Injection of Air into Exhaust
Universal Exhaust Gas Oxygen Sensor Heat Optimized Exhaust Pipe
Retarded Spark Timing at Start-Up L eak-Free Exhaust System
More Precise Fuel Control Close-Coupled Catalyst
Faster Microprocessor Improved Catalyst Washcoats
Individual Cylinder Air-Fuel Control Increased Catalyst Volume and PGM
Loading
Manifold with Low Thermal Capacity Full Electronic Exhaust Gas Recirculation
Air-Assisted Fuel Injection Engine Modifications
a. Technology Description

The following descriptions provide an overview of the latest technologies capable of
reducing exhaust emissions. The descriptions will also discuss the state of development and
current production usage of the various technologies. The technology descriptions are divided
into four categories - base engine improvements, improved fuel control, improved fuel
atomization, and improved catalyst performance.

i Base Engine Improvements

There are severa design techniques that can be used for reducing engine-out emissions,
especialy for HC and NOx. The main causes of excessive engine-out emissions are unburned
HC’ s and high combustion temperatures for NOx. Methods for reducing engine-out HC
emissions include the reduction of crevice volumesin the combustion chamber, reducing the
combustion of lubricating oil in the combustion chamber and devel oping leak-free exhaust
systems. Leak-free exhaust systems are considered to be base engine improvements because any
modifications or changes made to the exhaust manifold can directly affect the design of the base
engine. Base engine control strategies for reducing NOx include the use of “fast burn”
combustion chamber designs, multiple valves with variable-valve timing, and exhaust gas
recirculation.

Combustion Chamber Design
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Unburned fuel can be trapped momentarily in crevice volumes (i.e., the space between
the piston and cylinder wall) before being subsequently released. Since trapped and re-released
fuel can increase engine-out HC, the reduction of crevice volumesis beneficial to emission
performance. One way to reduce crevice volumesisto design pistons with reduced top “land
heights’ (The distance between the top of the piston and the first piston ring). The reduction of
crevice volume is especially desirable for vehicles with larger displacement engines, since they
typically produce greater levels of engine-out HC than smaller displacement engines.

Another cause of excess engine-out HC emissions is the combustion of |ubricating oil
that leaks into the combustion chamber, since heavier hydrocarbonsin oil do not oxidize as
readily asthosein gasoline. Oil in the combustion chamber can also trap gaseous HC from the
fuel and release it later unburned. In addition, some components in lubricating oil can poison the
catalyst and reduce its effectiveness. To reduce oil consumption, vehicle manufacturers will
tighten tolerances and improve the surface finishes of cylinders and pistons, improve piston ring
design and material, and improve exhaust valve stem seals to prevent excessive leakage of
lubricating oil into the combustion chamber.

As discussed above, engine-out NOx emissions result from high combustion
temperatures. Therefore, the main control strategies for reducing engine-out NOx are designed
to lower combustion temperature. The most promising techniques for reducing combustion
temperatures, and thus engine-out NOx emissions, are the combination of increasing the rate of
combustion, reducing spark advance, and adding a diluent to the air-fuel mixture, typically via
exhaust gas recirculation (EGR). The rate of combustion can be increased by using “fast burn”
combustion chamber designs. A fast burn combustion rate provides improved thermal efficiency
and a greater tolerance for dilution from EGR resulting in better fuel economy and lower NOx
emissions. There are numerous ways to design afast burn combustion chamber. However, the
most common approach is to induce turbulence into the combustion chamber which increases the
surface area of the flame front and thereby increases the rate of combustion, and to locate the
spark plug in the center of the combustion chamber. Locating the spark plug in the center of the
combustion chamber promotes more thorough combustion and allows the ignition timing to be
retarded, decreasing the dwell time of hot gases in the combustion chamber and reducing NOx
formation. Many engine designs induce turbulence into the combustion chamber by increasing
the velocity of the incoming air-fuel mixture and having it enter the chamber in a swirling
motion (known as “swirl”).

Improved EGR Design

One of the most effective means of reducing engine-out NOx emissions is exhaust gas
recirculation. By recirculating spent exhaust gases into the combustion chamber, the overall air-
fuel mixtureis diluted, lowering peak combustion temperatures and reducing NOx. As
discussed above, the use of high swirl, high turbulence combustion chambers can allow the
amount of EGR to be increased from current levels of 15 to 17 percent to levels possibly as high
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as 20 to 25" percent, resulting in a 15 to 20 percent reduction in engine-out NOX emissions.

Many EGR systemsin today’s vehicles utilize a control valve that requires vacuum from
the intake manifold to regulate EGR flow. Under part-throttle operation where EGR is needed,
engine vacuum is sufficient to open the valve. However, during throttle applications near or at
wide-open throttle, engine vacuum is too low to open the EGR valve. While EGR operation
only during part-throttle driving conditions has been sufficient to control NOx emissions for
most vehicles in the past, more stringent NOx standards and emphasis on controlling off-cycle
emission levels may require more precise EGR control and additional EGR during heavy throttle
operation to reduce NOx emissions. Many manufacturers now use electronic EGR in place of
mechanical back-pressure designs. By using electronic solenoids to open and close the EGR
valve, the flow of EGR can be more precisely controlled.

While most manufacturers agree that electronic EGR gives more precise control of EGR
flow rate, not all manufacturers are using it. Numerous LEV vehicles certified for the 1998
model year still use mechanical EGR systems, and in some cases, no EGR at all. Nonetheless,
the use of EGR remains a very important tool in reducing engine-out NOx emissions, whether
mechanical or electronic.

Multiple Valves and Variable-Valve Timing

Conventional engines have two valves per cylinder, one for intake of the air-fuel mixture
and the other for exhaust of the combustion products. The duration and lift (distance the valve
head is pushed away from its seat) of valve openingsis constant regardless of engine speed. As
engine speed increases, the aerodynamic resistance to pumping air in and out of the cylinder for
intake and exhaust also increases. By doubling the number of intake and exhaust valves,
pumping losses are reduced, improving the volumetric efficiency and useful power output.

In addition to gainsin breathing, the multiple-valve (typically 4-valve) design allows the
spark plug to be positioned closer to the center of the combustion chamber (as discussed above)
which decreases the distance the flame must travel inside the chamber. In addition, the two
streams of incoming gas can be used to achieve greater mixing of air and fuel, further increasing
combustion efficiency which lowers engine-out HC emissions.

Even greater improvements to combustion efficiency can be realized by using valve
timing and lift control to take advantage of the 4-valve configuration. Conventional engines
utilize fixed-valve timing and lift across al engine speeds. Typically thevavetimingisset at a
level that is a compromise between low speed torque and high engine speed horsepower. At light
engine loads it would be desirable to close the intake valve earlier to reduce pumping losses.

" Some manufacturers have stated that EGR impacts the ability to control net air-fuel ratios tightly due to
dynamic changes in exhaust back pressure and temperature, and that the advantages of increasing EGR flow rates
arelost partly in lossesin air-fuel ratio control even with electronic control of EGR. Higher EGR flow rates can be
tolerated by modern engines with more advanced combustion chambers, but EGR cooling may be necessary to
achieve higher EGR flow rates within acceptable detonation limits without significant loss of air-fuel control.
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Variable valve timing can enhance both low speed torque and high speed horsepower with no
necessary compromise between the two. Variable valve timing can allow for increased swirl and
intake charge velocity, especially during low |oad operating conditions where sufficient swirl
and turbulence tend to be lacking. By providing a strong swirl formation in the combustion
chamber, the air-fuel mixture can mix sufficiently, resulting in afaster, more complete
combustion, even under lean air-fuel conditions, thereby reducing emissions. Variable valve
technology by itself may have somewhat limited effect on reducing emissions. Several vehicle
manufacturers estimated emission reductions of 3 percent-10 percent for both NMHC and NOX,
but reductions could be increased when variable valve timing is combined with optimized spark
plug location and additional EGR.

Multi-valve engines already exist in numerous federal and California certified vehicles
and are projected by ARB to become even more common. ARB also projects that in order to
meet LEV Il and ULEV I standards, more vehicles will have to make improvements to the
induction system, including the use of variable valve timing.

Leak-Free Exhaust System

Leaks in the exhaust system can result in increased emissions, but not necessarily from
emissions escaping from the exhaust leak to the atmosphere.  With an exhaust system leak,
ambient air istypically sucked into the exhaust system by the pressure difference created by the
flowing exhaust gasesinside the exhaust pipe. The air that is sucked into the exhaust systemis
unmetered and, therefore, unaccounted for in the fuel system’s closed-loop feedback control.
The excess air in the exhaust causes the computer to increase fuel to the engine, resulting in
erratic and/or overly rich fuel control. Thisresults in increased emission levels and potentially
poor driveability. In addition, an air leak can cause an oxidation environment to exist in athree-
way catalyst at low speeds that would hamper reduction of NOx and lead to increased NOx
emissions.

Some vehicles currently use |eak-free exhaust systems today. These systems consist of an
improved exhaust manifold/exhaust pipe interface plus a corrosion-free flexible coupling
inserted between the exhaust manifold flange and the catalyst to reduce stress and the tendency
for leakage to occur at the joint. 1n addition, improvements to the welding process for catalytic
converter canning could ensure less air leakage into the converter and further reduce emissions.
ARB and MECA project that vehicle manufacturers will continue to incorporate leak-free
exhaust systems as emission standards become more stringent.

ii. Improvements in Air-Fuel Ratio Control

Modern three-way catalysts require the air-fuel ratio (A/F) to be as close to stoichiometry
(the amount of air and fuel just sufficient for nearly complete combustion) as possible. Thisis
because three-way catalysts simultaneously oxidize HC and CO, and reduce NOx. Since HC and
CO are oxidized during A/F operation slightly lean of stoichiometry, while NOx is reduced
during operation slightly rich of stoichiometry, there exists avery small A/F window of
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operation around stoichiometry where catalyst conversion efficiency is maximized for all three
pollutants (i.e., lessthan 1 percent deviation in A/F or roughly £ 0.15). Contemporary vehicles
have been able to maintain stoichiometry, or very close to it, by using closed-loop feedback fuel
control systems. At the heart of these systems has been a single heated exhaust gas oxygen
(HEGO) sensor. The HEGO sensor continuously switches between rich and lean readings. By
maintaining an equal number of rich readings with lean readings over a given period, and by
[imiting the degree to which the exhaust isrich or lean at any point in time, the fuel control
system is able to maintain stoichiometry. While thisfuel control system is capable of
maintaining the A/F with the required accuracy under steady-state operating conditions, the
system accuracy is challenged during transient operation where rapidly changing throttle
conditions occur. Also, as the sensor ages, its accuracy decreases.

Dual Oxygen Sensors

Many vehicle manufacturers have placed a second HEGO sensor(s) downstream of one
or more catalysts in the exhaust system as a method for monitoring the catalyst effectiveness of
the federally and California mandated on-board diagnostic (OBD I1) system. In addition to
monitoring the effectiveness of the catalyst, the downstream sensors can aso be used to monitor
the primary control sensor and adjust for deterioration, thereby maintaining precise A/F control
at higher mileages. Should the front primary HEGO sensor, which operates in a higher
temperature environment, begin to exhibit slow response or drift from its calibration point, the
secondary downstream sensor can be relied upon for modifying the fuel system controlsto
compensate for the aging effects. By placing the second sensor further downstream from the hot
engine exhaust, whereit is also less susceptible to poisoning, the rear sensor is less susceptible to
aging over thelife of the vehicle. Asaresult, the use of adual oxygen sensor fuel control
system can ensure more robust and precise fuel control, resulting in lower emissions.

Currently, all vehicle manufacturers use a dual oxygen sensor system for monitoring the
catalyst as part of the OBD |1 system. Asdiscussed above, most manufacturers also utilize the
secondary HEGO sensor for trim (i.e., adjustments to) of the fuel control system. Itis
anticipated that all manufacturers will soon use the secondary sensor for fuel trim.

Universal Oxygen Sensors

The universal exhaust gas oxygen (UEGO) sensor, also called a"linear oxygen sensor”,
could replace conventional HEGO sensors. Conventional HEGO sensors only determineif an
engine's A/F isricher or leaner than stoichiometric, providing no indication of the exact level of
the A/F. In contrast, UEGQO's are capabl e of recognizing both the direction and magnitude of
A/F transients since the voltage output of the UEGO is "proportional” with changing A/F (i.e.,
each voltage value corresponds to a certain A/F). Therefore, proportional A/F control is possible
with the use of UEGO sensors, facilitating faster response of the fuel feedback control system
and tighter control of A/F.

Although some manufacturers are currently using UEGO sensors, discussions with
various manufacturers suggest that some manufacturers are of mixed opinion as to the future
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applicability of UEGO sensors. Because of their high cost, manufacturers claim that it may be
cheaper to improve HEGO technology rather than utilize UEGO sensors. An example of thisis
the use of a“planar” design for HEGO sensors. Planar HEGO sensors (aso known as “fast
light-off” HEGO sensors) have athimble design that is considerably lighter than conventional
designs. The main benefits are shorter heat-up time and faster sensor response.

Individual Cylinder A/F Control

Another method for tightening fuel control isto control the A/F in each individual
cylinder. Current fuel control systems control the A/F for the entire engine or a bank of
cylinders. By controlling A/F for the entire engine or a bank of cylinders, any necessary
adjustments made to fuel delivery for the engine are applied to all cylinders simultaneously,
regardless of whether al cylinders need the adjustment. For example, thereis usualy some
deviation in A/F between cylinders. If aparticular cylinder isrich, but the "bulk" A/F indication
for the engineislean, the fuel control system will simultaneously increase the amount of fuel
delivered to al of the cylinders, including the rich cylinder. Thus, the rich cylinder becomes
even richer having a potentially negative effect on the net A/F.

Individual cylinder A/F control helps diminish variation among individual cylinders.
Thisis accomplished by modeling the behavior of the exhaust gases in the exhaust manifold and
using sophisticated software algorithmsto predict individual cylinder A/F. Individual cylinder
A/F control requires use of an UEGO sensor in lieu of the traditional HEGO sensor, and requires
amore powerful engine control computer.

Adaptive Fuel Control Systems

The fuel control systems of virtually all current vehicles incorporate afeature known as
"adaptive memory" or "adaptive block learn." Adaptive fuel control systems automatically
adjust the amount of fuel delivered to compensate for component tolerances, component wear,
varying environmental conditions, varying fuel compositions, etc., to more closely maintain
proper fuel control under various operating conditions.

For most fuel control systemsin use today, the adaption process affects only steady-state
operation conditions (i.e., constant or slowly changing throttle conditions). Because transient
operating conditions have always provided a challenge to maintaining precise fuel control, the
use of adaptive fuel control for transient operation would be extremely valuable. Accurate fuel
control during transient driving conditions has traditionally been difficult because of
inaccuraciesin predicting the air and fuel flow under rapidly changing throttle conditions. Air
and fuel dynamics within the intake manifold (fuel evaporation and air flow behavior), and the
time delay between measurement of air flow and the injection of the calculated fuel mass, result
in temporarily lean A/F during transient operation. Variation in fuel properties, particularly
distillation characteristics, also increases the difficulty in predicting A/F during transients. These
can all lead to poor driveability and an increase in NOx emissions.
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Electronic Throttle Control Systems

As mentioned above, the time delay between the air mass measurement and the
calculated fuel delivery presents one of the primary difficulties in maintaining accurate fuel
control and good driveability during transient driving conditions. With the conventional
mechanical throttle system (a metal linkage connected from the accelerator pedal to the throttle
blade in the throttle body), quick throttle openings can result in alean A/F spike in the
combustion chamber. Although algorithms can be developed to model air and fuel flow
dynamics to compensate for these time delay effects, the use of an electronic throttle control
system, known as “drive-by-wire” or “throttle-by-wire,” may better synchronize the air and fuel
flow to achieve proper fueling during transients (e.g., the driver moves the throttle, but the fuel
delivery is momentarily delayed to match the inertial lag of the increased airflow).

While this technology is currently used on several vehicle models, it is considered
expensive and those vehicles equipped with the feature are expensive, higher end vehicles.
Because of its high cost, it is not anticipated that drive-by-wire technology will become
commonplace in the near future.

iii. Improvements in Fuel Atomization

In addition to maintaining a stoichiometric A/F ratio, it is also important that a
homogeneous air-fuel mixture be delivered at the proper time and that the mixtureisfinely
atomized to provide the best combustion characteristics and lowest emissions. Poorly prepared
air-fuel mixtures, especially after a cold start and during the warm-up phase of the engine, result
in significantly higher emissions of unburned HC since combustion of the mixture isless
complete. By providing better fuel atomization, more efficient combustion can be attained,
which should aid in improving fuel economy and reducing emissions. Sequential multi-point
fuel injection and air-assisted fuel injectors are examples of the most promising technologies
available for improving fuel atomization.

Sequential Multi-Point

Typically, conventional multi-point fuel injection systemsinject fuel into the intake
manifold by injector pairs. This meansthat rather than injecting fuel into each individual
cylinder, apair of injectors (or even awhole bank of injectors) fires simultaneously, sending fuel
into several cylinders. Since only one of the cylindersis actually ready for fuel at the moment of
injection, the other cylinder(s) gets too much or too little fuel. With this less than optimum fuel
injection timing, fuel puddling and intake manifold wall wetting can occur, both of which can
hinder complete combustion. Sequential injection, on the other hand, delivers a more precise
amount of fuel that is required by each cylinder to each cylinder at the appropriate time.
Because of the emission reductions and other performance benefits “timed” fuel injection offers,
sequential fuel injection systems are very common on today’ s vehicles and are expected to be
incorporated in all vehicles soon.

Air-Assisted Fuel Injectors
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Another method to further homogenize the air-fuel mixture is through the use of air-
assisted fuel injection. By injecting high pressure air into the fuel injector, and subsequently, the
fuel spray, greater atomization of the fuel droplets can occur. Since achieving good fuel
atomization is difficult when the air flow into the engine is low, air-assisted fuel injection can be
particularly beneficial in reducing emissions at low engine speeds. In addition, industry studies
have shown that the short burst of additional fuel needed for responsive, smooth transient
maneuvers can be reduced significantly with air-assisted fuel injection due to a decrease in wall
wetting in the intake manifold.

iv. | mprovements to Exhaust Aftertreatment Systems

Over the last five years or so, there have been tremendous advancements in exhaust
aftertreatment systems. Catalyst manufacturers are progressively moving to palladium as the
main precious metal in automotive catalyst applications. |mprovementsto catalyst thermal
stability and washcoat technologies, the design of higher cell densities, and the use of two-layer
washcoat applications are just some of the advancements made to catalyst technology. There has
also been much development in HC and NOx absorber technology. The advancements to
exhaust aftertreatment systems are probably the single most important area of emission control
devel opment.

Catalysts

As previously mentioned, significant changesin catalyst formulation, size and design
have been made in recent years and additional advancesin these areas are still possible.
Palladium (Pd) islikely to continue as the precious metal of choice for close-coupled
applications and will start to see more use in underfloor applications. Some manufacturers, for
example, have suggested that they will use Pd/Rh in lieu of tri-metal or conventional Pt/Rh
catalysts for underfloor applications. Palladium catalysts, however, are less resistant to poisoning
by oil-and fuel-based additives than conventional platinum/rhodium (Pt/Rh) catalysts. Based on
current certification trends and information from vehicle manufacturers and catalyst suppliers, it
is expected that Pd-only and Pd/Rh catalysts will be used in the close-coupled locations while
conventional or tri-metal (Pd/Pt/Rh) catalysts will continue to be used in underfloor applications.
As palladium technology continues to improve, it may be possible for a single close-coupled
catalyst to replace both catalysts. If fact, at least one vehicle manufacturer currently uses a
single Pd-only catalyst for one of their models. According to MECA, new Pd-based catalysts are
now capable of withstanding exposure to temperatures as high as 1100°C and, as aresult, can be
moved very close to the exhaust manifold to enhance catalyst light-off performance.

In addition to reliance on Pd and tri-metal applications, catalyst manufacturers have
developed “multi-layered” washcoat technologies. Automotive catalysts consist of a cylindrical
or oval shaped substrate, typically made of ceramic or metal. The substrate is made up of
hundreds of very small, but long cells configured in a shape similar to a honey-comb. The
substrate is coated with a substance containing precious metals, rare earth metals, and base-
metal oxides, that is known as the catalyst washcoat. Typical washcoat formulations consist of
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precious metals which either oxidize or reduce pollutants, base-metal oxides, such as alumina,
which provide the surface area support for the precious metals to adhere to, and base components
(rare earth metals) such as lanthanum, ceria, and zirconia, which act as promoters, stabilizers,
and encourage storage and reduction of oxygen. Conventional catalysts have asingle layer of
washcoat and precious metals applied to the catalyst substrate. More advanced catalysts use
multi-layered washcoats with two or more layers of different combinations of washcoat and
precious metals. The washcoat can be applied to the substrate such that one layer can be applied
on top of another. The use of multi-layered washcoat technology allows precious metal s that
have adverse reactions together to be separated such that catalyst durability and emission
reduction performance are significantly enhanced. For example, Pd and Rh can have adverse
reactions when combined together in a single washcoat formulation. A multi-layer washcoat
architecture that uses Pd and Rh could have the Pd on the bottom layer and the Rh on the top
layer. Rhis particularly used at reducing NOX. It isgenerally preferable to reduce NOx in the
top layer while CO and HC are still present and then oxidize CO and HC in the bottom layer.
Figure IV-1 illustrates the impact coating architecture (multi-layered washcoat technology) can
have on emission performance.

SAE 960802: 1.8 liter 4 cyl; 100 h aged; Pd/Rh=5/1 @ 50 g/cu. ft.
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FigurelV-1. Impact of Coating Architecture on HC and NOx Emissions.

Manufacturers have also been developing catalysts with substrates which utilize thinner
wallsin order to design higher cell density, low thermal mass catalysts for close-coupled
applications (improves mass transfer at high engine loads and increases catalyst surface area as
well as speeding up light-off during cold starts). The greater the number of cellsthere are, the
more surface area that exists for washcoat components and precious metals to adhere to,
resulting in more precious metal sites available for oxidizing and reducing pollutants. Cell
densities of 600 cells per square inch (cpsi) have already been commercialized, and research on
900 cpsi catalysts has been progressing. Typical cell densities for conventional catalysts are 400
cpsi.
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We have projected that in order to meet the proposed Tier 2 emission standards catalyst
volumes will increase. Current CaliforniaLEV and ULEV passenger car catalyst volume to
engine displacement ratios are approximately 0.7 to over 1.0 while many trucks only have ratios
of 0.6 or less. We believe that in order to comply with proposed Tier 2 standards, most vehicle
will likely need catalyst volumes equal to the displacement of the engine, or in some cases, even
greater. As mentioned above, higher cell density substrates effectively provide more surface
areafor pollutant conversion, therefore catalyst volumes may not need to be increased as
significantly if higher cell density substrates are used.

We have also projected that some level of increased catalyst loading will be necessary to
meet proposed Tier 2 standards. Typical catalyst loading for current LEVsand ULEV s range
from 50 g/cu ft to 300 g/cu ft. We believe that, based on input from catalyst suppliers and
vehicle manufacturers, depending on the vehicle, catalysts meeting Tier 2 standards will need
loadings in the 100 - 300 g/cu ft range. However, catalyst suppliers have also indicated to us that
they and vehicle manufacturers are constantly working on ways to reduce the amount of precious
metal loading ( aprocessthey refer to as “thrifting”). Thrifting is achieved in several ways. One
of the most common is matching the catalyst to the attributes of the vehicle. By working in
unison, vehicle manufacturers and catalyst suppliers are able to thrift or reduce the amount of
precious metal used in a given application by attempting to optimize the vehicle fuel control
strategy, exhaust mass flow rate, and exhaust temperature with various catalyst parameters, such
as catalyst location, substrate design, cell density, oxygen storage capability, and precious metal
and base metal dispersion, to name afew. Other methods of thrifting are the constant
improvements being made to washcoat architecture - that is, constant improvement to the
materials used in the washcoat formulation so that the precious metals and other components
better adhere to the substrate surface. Finally, improvements to washcoat application processes
can also significantly improve catalyst performance while alowing thrifting of precious metals.
Improvements to processes consist of advancements to the process used to coat the substrate
with washcoat materials - allowing precious metals, base metals, and ceria to better dispersed.
Better dispersion means that rather than relatively large “ clumps’ of precious metals unevenly
dispersed throughout the catalyst surface, many smaller precious metal sites are dispersed
uniformly throughout the catalyst surface increasing the chance for pollutants to come into
contact with the precious metal and react into a harmless emission. Therefore, as thrifting
continues, it is possible that precious metal loading may actually decrease rather than increase.

The largest source of HC emissions continues to be cold start operation where the
combination of rich A/F operation and the ineffectiveness of a still relatively cool catalyst result
in excess HC emissions. One of the most effective strategies for controlling cold start HC
emissions isto reduce the time it takes to increase the operating temperature of the catalyst
immediately following engine start-up. The effectiveness or efficiency of the catalyst increases
asthe catalyst temperature increases. One common strategy is to move the catalyst closer to the
exhaust manifold where the exhaust temperature is greater (e.g., a close-coupled catalyst). In
addition to locating the catalyst closer to the engine, retarding the spark timing and increasing
idle speed are other possible approaches. Retarding spark timing, causes combustion to occur
later in the power stroke, allowing more heat to escape into the exhaust manifold during the
exhaust stroke. Increased idle speed leads to a greater amount of combustion per unit time,
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providing a greater quantity of heat for heating the exhaust manifold, headpipe, and catalyst.

Another strategy isto use an electrically-heated catalyst (EHC). The EHC consists of a
small electrically heated catalyst placed directly in front of a conventional catalyst. Both
substrates are located in asingle can or container. The EHC is powered by the alternator, or
solely from the vehicle' s battery, or from a combination of the alternator and battery. The EHC
is capable of heating up almost immediately, assisting the catalyst that directly followsit to also
heat up and obtain light-off temperature (e.g., the catalyst temperature where catalyst efficiency
is 50 percent) quickly. Manufacturers have indicated that EHC’ s will probably only be
necessary for alimited number of LEV II/ULEV Il engine families, mostly larger displacement
V-8'swhere cold start emissions are difficult to control.

Adsorbers/Traps

Other potential exhaust aftertreatment systems that are used in conjunction with a catalyst
or catalysts, are the HC and NOx adsorbers or traps. Hydrocarbon adsorbers are designed to trap
HC while the catalyst is cold and unable to sufficiently convert the HC. They accomplish this by
utilizing an adsorbing material which holds onto the HC. Once the catalyst is warmed up, the
trapped HC are automatically released from the adsorption material and are converted by the
fully functioning downstream three-way catalyst. There are three principal methods for
incorporating an adsorber into the exhaust system. Thefirst isto coat the adsorber directly on
the catalyst substrate. The advantage is that there are no changes to the exhaust system required,
but the desorption process cannot be easily controlled and usually occurs before the catalyst has
reached light-off temperature. The second method locates the adsorber in another exhaust pipe
parallel with the main exhaust pipe, but in front of the catalyst and includes a series of valves
that route the exhaust through the adsorber in the first few seconds after cold start, switching
exhaust flow through the catalyst thereafter. Under this system, mechanismsto purge the
adsorber are also required. The third method places the trap at the end of the exhaust system, in
another exhaust pipe parallel to the muffler, because of the low thermal tolerance of adsorber
material. Again apurging mechanism isrequired to purge the adsorbed HC back into the
catalyst, but adsorber overheating is avoided.

NOXx adsorbers are also being developed, but according to MECA, are generally
recognized as a control for NOx resulting from reduced EGR. They are typically used for lean-
burn applications and are not applicable to engines that attempt to maintain stoichiometry all the
time.

Secondary Air Injection

Secondary injection of air into exhaust ports after cold start (e.g., the first 40-60 seconds)
when the engine is operating rich, coupled with spark retard, can promote combustion of
unburned HC and CO in the exhaust manifold and increase the warm-up rate of the catalyst. By
means of an electrical pump, secondary air isinjected into the exhaust system, preferably in
close proximity of the exhaust valve. Together with the oxygen of the secondary air and the hot
exhaust components of HC and CO, oxidation ahead of the catalyst can bring about an efficient
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increase in the exhaust temperature which helps the catalyst to heat up quicker. The exothermic
reaction that occurs is dependent on several parameters (secondary air mass, location of
secondary air injection, engine A/F ratio, engine air mass, ignition timing, manifold and
headpipe construction, etc.), and ensuring reproducibility demands detailed individual
application for each vehicle or engine design.

Insulated or Dual Wall Exhaust System

Insulating the exhaust system is another method of furnishing heat to the catalyst to
decrease light-off time. Similar to close-coupled catalysts, the principle behind insulating the
exhaust system isto conserve heat generated in the engine to aid the catalyst warm-up. Through
the use of laminated thin-wall exhaust pipes, less heat will be lost in the exhaust system,
enabling quicker catalyst light-off.

V. Improvements in Engine Calibration Techniques

Of al the technologies discussed above, one of the most important emission control
strategiesis not hardware-related. Rather, it is software related and, more specificaly, involves
the algorithms and calibrations contained within the software that are used in the power-train
control module (PCM) which control how the various engine and emission control components
and systems operate. Advancements in software along with refinements to existing algorithms
and calibrations can have a major impact in reducing emissions. Confidential discussions
between manufacturers and EPA have suggested that manufacturers believe emissions can be
further reduced by improving and updating their calibration techniques. As computer
technology and software continues to advance, so does the ability of the automotive engineer to
use these advancements in ways to better optimize the emission control systems. For example,
as processors become faster, it is possible to perform calculations quicker, thus allowing for
faster response times for controlling engine parameters, such asfuel rate and spark timing. As
the PCM becomes more powerful with greater memory capability, algorithms can become more
sophisticated. Manufacturers have found that as computer processors, engine control sensors
and actuators, and computer software become more advanced, and, in conjunction with their
growing experience with developing calibrations, as time passes, their calibration skills will
continue to become more refined and robust, resulting in even lower emissions.

Manufacturers have suggested to EPA that perhaps the single most effective method for
controlling NOx emissions will be tighter A/F control which could be accomplished with
advancements in calibration techniques without necessarily having to use advanced technologies,
such as UEGO sensors. Manufacturers have found ways to improve calibration strategies such
that meeting federal cold CO requirements, as well as, complying with LEV standards, have not
required the use of advanced hardware, such as EHCs or adsorbers.

Since emission control calibrations are typically confidential, it is difficult to predict
what advancements will occur in the future, but it is clear that improved calibration techniques
and strategies are avery important and viable method for further reducing emissions.
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b. Data Supporting Tier 2 Technical Feasibility

Automobile manufacturers generally design vehicles to meet emission targets which are
50-70 percent of the emission standards, even after the catalytic converter has been aged to full
useful life (e.g., 100,000-120,000 miles). The manufacturer desires this 30-50 percent safety
margin in order to reduce the probability that in-use vehicles will exceed the standard to an
acceptable level. Thus, the emission design targets for proposed Tier 2 standards for full useful
life would be 0.045-0.063 g/mi NMOG and 0.035-0.049 g/mi NOx at full useful life.

With thisin mind, we will present data from several sources that establish our proposed
Tier 2 standards to be feasible. The dataranges from certification emission levelsto feasibility
evaluation programs undertaken in the last year by ARB and MECA. Even though these
programs were directed towards the LEV 1l program, the data and information resulting from
these programs are useful to EPA in establishing feasibility of Tier 2 emission standards since
our proposed Tier 2 standards are the same asthe LEV |1 standards.

i. Certification Emission Levels

Manufacturers report certification results for engine families. Those engine families are
used in avariety of vehicle models and configurations. Manufacturers are required to report
certification test results for at least two vehicle configurations and often report results for five or
six or more models or configurations within an engine family. Manufacturers, for example, will
report certification test results for both automatic and manual transmission versions of a vehicle.
Table V-2 below indicates the number of engine families with at |east one vehicle configuration
at or below full-life NOx levels of 0.04, 0.07, and 0.1 g/mile. Of those at or below 0.04 and 0.07
g/mile NOx, 16 and 35, respectively, also have HC levels below 0.09 g/mile. There are
approximately 400 engine families total.

TablelV-2. Number of Engine Familieswith One or More Engine/Vehicle Configurations
with Low Full-life NOx Levels

NOXx level Vehicles Below 6,000 pounds Vehicles Above 6,000 pounds
(LDVs, LDTl1s, LDT2s) (LDT3s, LDT4s)
<0.04 20 2
< 0.07 45 3
<0.1 150 11

Table V-3 provides alisting of engine families with one or more vehicle configurations
at or below 0.07 g/mile NOx. The table also provides the HC certification levels for those
configurations. Where arange is shown, there is more than one configuration within the engine
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family with full-life NOx certification levels at or below 0.07. The same vehicle models appear
in the table more than once because multiple engine families are often certified for the same
vehicle models. EPA assembled thislist by reviewing 1999 model year certification datafor
engine families certified to nationwide Tier 1 standards, NLEV program standards, and the
California program standards.
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TablelV-3. 1999 Engine Familieswith One or More Vehicle Configurations

with Full-life NOx Certification Levelsat or below 0.07 g/mile NOx

Manufacturer Models NOx level HC level Sandard
LDVs (passenger cars)
Hyundai Elantra Wagon, Tiburon 0.01-0.02 0.05 LEV
Ford Contour, Mystique, Cougar 0.02-0.05 0.12-0.17 Tier 1
Ford Contour, Mystique, Cougar 0.02* 0.12 Tier 1
Volkswagon, Audi Passat, Passat wagon 0.03-0.07* 0.06 - 0.07 TLEV
A4
Volvo V70, S70 0.03 0.06 - 0.08 TLEV
Volvo S70,V70, C70 0.03-0.04 0.05-0.07 LEV
Hyundai Elantra, Tiburon 0.03 - 0.04** 0.04 - 0.06 Tier 1
Daimler Chrysler Cirrus, Stratus, Breeze 0.04** 0.06 LEV
Mitsubishi Diamante 0.04** 0.05 LEV
Mitsubishi Gallant, Mirage 0.04" 0.03 LEV
Suzuki Metro 0.04 0.03 TLEV
Ford Mustang 0.04 0.17-0.21 Tier 1
Ford Contour, Mystique, Cougar 0.04-0.05 0.07-0.08 TLEV
Daimler Chrysler S320 0.04 " 0.07 Tier 1
Hyundai Sonata 0.04 - 0.06* 0.07 TLEV
Volkswagon Jetta, Golf, Cabriolet 0.04 - 0.06 0.04 -0.07 TLEV
Nissan Altima 0.05 0.03 LEV
Ford Sable, Taurus 0.05-0.06 0.13-0.14 Tier1
Ford Mustang 0.05-0.06 0.07 TLEV
Ford Contour, Mystique, Cougar 0.06 0.07 Tier 1
Daimler Chrysler E430, SL500 0.06 - 0.07 0.02 LEV
Daimler Chrydler SL600 0.06 0.12 Tier 1
Hyundai Accent 0.06* 0.08-0.1 TLEV
Hyundai Sonata 0.06* 0.04-0.05 TLEV
Volkswagon New Beetle, New Golf, New Jetta 0.06* 0.06 LEV
Mazda MX-5 Miata 0.07 0.07 TLEV
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Mitsubishi Mirage 0.07 0.05 LEV
Volvo S80 0.06 - 0.07* 0.07 - 0.08 TLEV
Volvo S80 0.04-0.05 0.11 TLEV
Daimler Chryder C230 Kompressor 0.07 0.03 TLEV
Honda Accord 0.07* 0.04-0.05 LEV
Honda Civic HX 0.07* 0.09 TLEV
Honda Civic 0.07* 0.07-0.08 TLEV
Infiniti Q45 0.07* 0.11 Tier 1
LDT 1
Daimler Chrysler Jeep Cherokee 2WD, 4WD 0.03** 0.06 Tier 1
Ford Ranger 0.04 - 0.07 0.09-0.18 Tier 1
Mazda B2500, B3000 0.04 - 0.06 0.08-0.13 Tier 1
Ford Ranger 0.05* 0.11 Tier 1
LDT2
Ford Explorer 0.03-0.04 0.07-0.10 Tierl
Ford, Mazda Ranger, B3000 0.04 - 0.07 0.12-0.15 Tier 1
Ford F-150 0.05* 0.08-0.10 Tier 1
Mazda B3000 0.05* 0.06 - 0.07 Tier 1
Ford, Mazda Ranger, B3000 0.05- 0.07 0.07-0.12 Tier 1
Daimler Chrysler Caravan, Voyager 0.07 LEV
Nissan Frontier 0.07* 0.07 LEV
LDT3
Ford F-150 0.04 - 0.06 0.07-0.08 Tier 1
Ford F-150 0.05-0.06 0.11-0.12 Tier 1
LDT4
Ford Expedition, Navigator, F-250 0.04* 0.16- 0.17 Tier 1

* Other model configurations have NOx certification levels above 0.07 g/mile

+ The official NOx certification result reported was O for these vehicles due to rounding. The

values shown are the unrounded results.

A review of the Table above shows that most of the engine families with configurations
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certified at 0.07 g/mile NOx or less are passenger cars and lighter weight LDTs. Thisis
understandable since all LDT classes except LDT1 have emission standards considerably higher
than LDVs. Thus, to this point, there has been no motivation for vehicle manufacturers to design
and produce light-duty trucks with emission control systems on par with light-duty vehicle
systems. Even so, there are several light-duty trucks with certification levels at or very close to
the proposed Tier 2 requirements.

ii. Industry Sulfur Test Program

The Coordinating Research Council (CRC), automobile manufacturers and the American
Petroleum Institute (API) all tested a number of vehicles capable of complying with the
CaliforniaLEV or ULEV standards. The primary purpose of these test programs was to estimate
how higher fuel sulfur levels affected emissions. However, the test results with low sulfur fuel
(i.e., 30-40 ppm sulfur) provide an indication of the emission control potential of these vehicles.
Of the 20 unigue vehicle models tested in these programs, four models met both of the Tier 2
NMOG and NOx design targets mentioned above. An additional three models had NMOG
levels below the design targets and NOx levels above the design targets, but below the proposed
NOx standard. All of these low emitting models were LDV swith 100K catalyst systems.

iii. MECA Test Program

The Manufacturers of Emission Controls Association (MECA) sponsored vehicle
emission testing at the Southwest Research Institute (SwRI)* for the purpose of demonstrating
the performance of advanced emission control systems in meeting proposed California LEV 11
and our proposed Tier 2 light-duty vehicle standards. SwRI took two LDV's (a 1997 3.8L Buick
LeSabre and a 1997 4.6L Ford Crown Vic) and one LDT2 (3.4L Toyota T100) certified to the
federal Tier 1 standards and replaced the original catalytic converters with more advanced
catalytic converters provided by MECA members. The catalysts were thermally aged to roughly
50,000 mile of in-use operation. SwRI then attempted to optimize the emission performance by
modifying the existing secondary air and exhaust gas recirculation (EGR) strategies. Thiswas
accomplished by using a computer controlled intercept system (Emissions Reduction Intercept
and Control system or ERIC). This computer intercept methodology was used to recognize and
modify only driving modes associated with high tail pipe emission modes, thereby minimizing
the level of modifications to the base vehicle control system. The control tuning approach
developed for each vehicle was unique to the individual vehicle. The computer intercept
techniques used in this program were capable of modifying secondary air and EGR without
setting any on-board diagnostic codes. The modified control strategies also did not have any
measurable impact on fuel economy, nor were any detectable changes to vehicle driveability
observed during FTP eva uations.

After these modifications, al three vehicles met the Tier 2 NMOG usefull life design

targets. The LeSabre and T100 both met the NOx design target. The Crown Victoria, however
was alittle short of the design target, but did meet the proposed Tier 2 standard with a headroom
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of 23 percent. The actual test results are summarized in Table V-4 below.

TablelV-4. MECA Test Program: Emissions with Catalysts Aged to 100,000 Miles (g/mi).

NMOG NOXx
Tier 2 Design Targets 0.045-0.063 0.035-0.049
Crown Victoria (LDV) 0.049 0.057
Buick LeSabre (LDV) 0.038 0.037
ToyotaT100 (LDT2) 0.052 0.014

iv. ARB Test Program

ARB tested five different 1997-98 model year production LEV LDV models. Two of the
six models met the proposed Tier 2 design targets for NMOG and NOx. Each vehicle was tested
for baseline emissions at approximately 1K miles before any modifications to the vehicle's
emission controls were made. Table V-5 lists the average emissions from these FTP tests.

TablelV-5. ARB Production LEV LDV Passenger Car Emission Data.

Test Vehicle NMHC (g/mi) CO (g/mi) NOXx (g/mi)
1997 Mercury Sable 0.035 09 0.072
1998 Mercury Grand Marquis 0.048 0.6 0.014
1998 Nissan Altima 0.031 0.7 0.040
1998 Honda Accord EX 0.025 0.3 0.066
1998 Toyota Avalon 0.044 04 0.111

After the baseline FTP results were complete, new advanced catalysts supplied by
various catalyst suppliers were installed on each test vehicle. In general, the advanced catalysts
were placed in the same position as the OEM catalysts. Two of the vehicles had small close-
coupled catalysts added to the OEM configuration. FTP tests were then conducted. If the
emission results were not below the proposed LEV |1 standards with a reasonable margin, engine
calibration modifications such as spark retard at engine start, O2 sensor biasing (typically rich),
or secondary air injection modifications were made to reduce tail pipe emission levels further. In
a couple of instances, approximately 4K miles were accumulated on the “green” catalysts before
FTP tests were conducted again. All of the vehicles, once modified, had emission levelswell
below the proposed Tier 2 NMOG and NOx design targets. While these results are not with
catalysts aged tofull usefull life, we believe these results are still very promising, since in-use
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deterioration rates have been steadily declining. Even if these emissions were to double, they
would still be very close to or below the proposed Tier 2 standards. Table 1V-6 lists the modified
passenger car emission results.

TablelIV-6. ARB Modified Passenger Car Emission Data
(advanced catalysts with modificationsto fuel and/or spark & secondary air)

Manufacturer Model Mileage NMOG CO NOx

(g/mi) (g/mi) (g/mi)

Mercury Sable 0 0.029 1.0 0.036

Mercury Grand , 4000 0.033 0.5 0.004
Marquis

Nissan Altima 0 0.028 0.7 0.033

Honda Accord EX 0 0.026 0.4 0.035

ARB also tested two identical 1998 Ford Expeditions (LDT4). Both vehicles were tested
in the baseline OEM configuration at 2,000 miles with promising results. Table V-7 liststhe
baseline emission results for the two Expeditions.

TablelV-7. ARB Ford Expedition Baseline Emission Test Results

Vehicle No. of Tests NMHC CO NOx
(g/mi) (g/mi) (g/mi)

#2 8 0.090 1.69 0.030
#3 6 0.077 157 0.031

ARB installed advanced Pd/Rh catalyst systems bench aged to 50,000 miles along with
50,000 mile bench aged oxygen sensors on both vehicles and were able to reduce NOx emissions
about 50 percent from the NOx certification level of 0.14 g/mi. ARB also added secondary air to
the vehicles and made some modifications to the spark timing (retarded) and oxygen sensor bias
(rich) and found that they were able to further reduce emissions. Table IV-8 lists the emission
results of the Expeditions with advanced catalyst systems.
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TablelV-8. ARB Expedition Emission Resultswith Advanced Catalyst Systems

Vehicle No. Of Tests NMHC CO NOx
(g/mi) (g/mi) (g/mi)
#2 4 0.111 3.32 0.048
#3 7 0.112 2.91 0.052

. EPA Test Program

Our test program was aimed at lowering the emissions of alarge 1999 LDT3 vehicle.
This vehicle has a high horsepower engine, four whedl drive, and a curb weight of 4,500 pounds
(GVW of 6,000 Ibs). The exhaust system of the pickup was modified to incorporate two close
coupled and two underfloor catalytic converters provided by MECA. The catalytic converters
used for these tests were nearly identical to the system used on “Vehicle 1’ in the work by Webb
et a.* The only modifications from the specification used by Webb et al. were insulation of the
close coupled catalytic converters using a woven ceramic fiber mesh, and the use of a somewhat
larger exhaust pipe diameter (same as OEM) to limit exhaust backpressure. All of the catalyst
“bricks’ were constructed of a 4-mil ceramic monolithic material. The two close coupled
catalytic converters each used two “ bricks’ and were mounted immediately downstream of each
exhaust manifold. Thefirst “brick” in each close coupled catalytic converter had a diameter of
7.6 cm, was 7.6 cm long, with a cell density of 600 cpsi, and was coated with 250 g/ft* of Pd.
The second “brick” in each close coupled catalytic converter had a diameter of 10.2 cm, was 8.5
cm long, with acell density of 400 cpsi, and was coated with Pd/Rh at a 9:1 ratio to 150 g/ft3.
The two underfloor catalytic converters each contained a single “brick” with a diameter of 10.2
cm, was 11.1 cm long, with a cell density of 400 cpsi, and was coated with Pd/Rh at a9:1 to 80
g/fts.

°C.C Webb, B.B. Bykowski, P.A. Weber, D.L. McKinnon; “Using Advanced Emissions Control Systems to
Demonstrate LEV 11 ULEV on Light-Duty Gasoline Vehicles’. SAE Technical Paper Series, Paper No. 1999-01-
0774, 1999.
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FigurelV-2: Certification Emissions and Initial Resear ch and Development Resultsfor a
Large 1999 L DT3 Pickup, as Compared to Federal Tier 1 Emissions Standards, California
LEV-I Emissions Standards, and a Tier 2 Corporate Average Tar get.

Initially, no attempts were made to alter the calibration of the electronic engine controls.

Figure 1VV-2 shows emissions results from testing of the LDT3 vehicle. In this configuration, the
pickup achieved emissions levels of 0.060 + 0.002 g/mi NOx and 0.09 = 0.01 g/mi NMHC.
Based on initial modal emissions results, EPA staff engineers have indicated that the research
targets of 0.04 g/mi NOx and 0.06 g/mi NMHC will likely be reached through elimination of
fuel cut-offs during decelerations, slight increases in EGR, and a minor degree of air-injection
during cold-start.

V. Summary of Technical Feasibility Data

It is very apparent from the data presented above that it is technically feasible for LDV's
to meet our proposed Tier 2 emission standards in the proposed time frame. Although the bulk
of the dataisfor LDVswith smaller displacement engines, there are examples of vehicles with
larger displacement engines - the 1999 Ford Mustang Convertible and the Ford Crown Vic and
Buick LeSabre modified by MECA. Neither of the MECA or ARB test programs modified the
basic engine calibrations of the vehiclestested. In general, the engine calibration is designed
specifically to match the engine exhaust to the catalytic converter being used on the vehicle.
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Since recalibrations optimize engine performance, durability, emissions and safety
simultaneously, neither MECA nor ARB modified the original engine calibration. However, it is
very likely that such recalibration could better match engine operation and the advanced catalytic
converters being tested and reduce emissions beyond the emission levels measured in the test
programs. Therefore, we are confident that by 2004, all LDV s should be capable of meeting
Tier 2 standards.

Fewer data are available addressing the ability of LDTs to meet the design targets
implied by the proposed Tier 2 NMOG and NOx standards. No current LDTs have been
certified at such low emission levels. However, thisis partially due to the fact that their current
emission standards are generally well above those for LDV's. Also, the number of LDTs
required to comply with ARB’s current LEV and ULEV standards is much lower than the
number of LDVs (and LDT1s). Thus, manufacturers have focused their early LEV and ULEV
development effortson LDVs.

The fact that a number of LDTs have been certified at emission levels near the proposed
Tier 2 standards indicates that control technology has developed to the point where the
differences between LDV and LDT emissions are shrinking.

As highlighted by MECA at the November 1998 annual meeting between EPA and
MECA to discuss recent emission control technology developments, there are several areas
where technology gaps exist between LDV and LDT technology. Table V-9 lists these gaps.

TablelV-9. Emission Technology Gaps Between LDVsand LDTs

LEV LDVs Tier 1LDTs
Tight A/F control Relatively loose A/F control
Close-coupled + underfloor catalyst Underfloor catalyst with long pipe runs
combination
Ratio of catalyst volume to engine Vcat/Veng = 0.5 or less
displacement Vcat/Veng = 1-1.5
Catalysts with advanced washcoats and L ess sophisticated catalysts on standard
| higher cell density substrates substrates

These differences have been due to the fact that LDT standards were less stringent than
those applicableto LDVs. However, there are no technological reasons why LDTs cannot
employ the exact same technology, or even better technology, as LDVs.

The Toyota T100 pick-up (LDT2) modified by MECA and optimized by SwRI had very

impressive emission results at 50,000 miles - considerably lower than the Tier 2 design targets.
The ARB Ford Expedition had emission reductions of over 50 percent from certification levels,
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achieving resultsjust at the LEV Il and Tier 2 NOx standard (NMOG was below the design
target) with the addition of an advanced catalyst system and the introduction of secondary air at
start-up. Finally, our own LDT3 test program had emission results below Tier 2 standards. As
stated above, none of the above mentioned test programs modified the basic engine calibrations
of the vehiclestested. The modifications they made were minor compared to what vehicle
manufacturers are capable of doing. For example, the 1999 certification results for the Ford
Expedition show aslight increasein NMOG levelsrelative to the 1998 model, but a 50 percent
reduction in NOx levels at 50,000 miles. The full usefull life NOx certification level in 1998
was 0.14 g/mi but only 0.07 g/mi in 1999. The only difference between the two model yearsis
engine calibration - both model years have the same catalyst system. This highlights the
importance of engine calibration on emission control system performance.

Traditionally LDTs have had higher standards because they tend to generate more
emissions due to larger displacement engines and the fact that they have typically been operated
under high loads. The greatest concern with controlling emissions for LDTs has always been
that catalysts couldn’t be placed close enough to the engine to reduce cold start emissions
because of concerns over thermal damage to the catalyst resulting from the high levels of heat
generated by the trucks when under load. But as discussed above, catalysts are now capable of
withstanding much higher temperatures, and thisis no longer an issue.

Another reason why the emission standards for LDT3s and LDT4s were set so much
higher than those for LDVs and lighter LDTs was that the heavier LDTs were tested at adjusted
loaded vehicle weight, not loaded vehicle weight. Adjusted loaded vehicle weight is the
vehicle's curb weight plus half of its maximum payload capacity. Loaded vehicle weight isthe
vehicle' s curb weight plus 300 pounds. Thiswas done in the past because the LDT3s and
LDT4s were believed to be used primarily as cargo carrying vehicles and should be regulated
under these conditions. While their weight during emission testing generally increases
emissions, the applicable emission standards were numerically increased to compensate for this.

As part of the Tier 2 proposal, LDT3sand LDT4s will be tested like LDVs and the
lighter LDTs, at the vehicle' s curb weight plus 300 pounds. This change represents the recent
trend for these trucks to be used predominantly as passenger carrying vehicles. This change
would also reduce the certified emission level of any current LDT3 or LDT4 simply by reducing
the amount of fuel the vehicle consumes over the test cycle. Under the proposed test procedure,
all current LDT3sand LDT4s would be closer to the design targets for the proposed Tier 2
standards. Likewise, the difference between the current Tier 1 standards for these vehicles and
the proposed Tier 2 standards is actually much smaller than a comparison of the numerical
standards would indicate.

Overall, several certified and research LDV s have met the design targets for the proposed
Tier 2 standards in 1998 with, in many cases, considerable margin to spare. This indicates that
significant margin exists with which to accommodate the greater weight and aerodynamic drag
of LDT3sand LDT4s when meeting the same design targets. In addition, significant LDT
emission reductions were achieved from vehicles emitting well below the applicable LEV design
targets by primarily just changing catalysts (in the case of MECA and ARB) or just changing
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engine calibration (in the case of Ford). This confirms indicates that the benefits of advanced
emission control technology on LDTs has not been exhausted in meeting current LEV emission
standards. Overall, these findings indicate that the proposed Tier 2 standards for LDTs should
be feasible with the same basic types of emission controls as required by LDVs. The heavier
LDTswill likely require somewhat larger catalysts than LDVs and the lighter LDTs and possibly
also incorporate a greater number of supporting technologies, such as alow-thermal capacity
manifold, in order to meet the same numerical emission standard.

C. L ean-Burn Technology

The above discussion focused on advancements in emission control technology. New
gasoline engines designs are also being developed to reduce fuel consumption. In particular,
gasoline direct-injection (GDI) engines have been developed (and are being sold in Japan and
Europe) which operate on 10-20 percent less fuel than today’ s gasoline engines.

One of the reasons that these engines use less fuel is that they use much more air thanis
needed just to burn the fuel. In this respect, they operate similar to adiesel engine. Whilethisis
advantageous for fuel efficiency, it makesit more difficult to eliminate NOx emission using
aftertreatment technology. Highly efficient 3-way catalysts require that there be little excess
oxygen in the exhaust stream in order to convert NOx emissions to nitrogen and oxygen.
Unfortunately, if a GDI engine is operated in thisway, nearly all of itsfuel efficiency benefits
arelost.

A number of potential techniques are being developed to control NOx emissions when
excess air are present. These techniques are discussed in more detail in Section 5. below. The
most promising of these techniques for GDI engines are the lean NOx catalyst and the NOx
adsorber. A GDI engine may be able to meet the highest NOx bin of 0.2 g/mi with alean NOx
catalyst and 30 ppm sulfur gasoline. However, thisis dependent on achieving engine out
emissions below 0.4 g/mi, and thisislikely to be avery difficult challenge. NOx adsorbers are
potentially more efficient than lean NOx catalysts. Thus, the required engine out NOx emission
levels are likely to be well within the capability of GDI engine technology. However, the NOx
adsorber isin an earlier stage of development relative to the lean NOx catalyst. Much
development work is still necessary in order for this technology to be applied commercialy.
Also, even 30 ppm sulfur levels degrade long-term performance of NOx adsorbers. Thus, either
methods to regenerate the NOx adsorber onboard the vehicle must be developed or even lower
sulfur levelswill be required.

2. CO Emissions from Gasoline Fueled Vehicles

EPA is only proposing tighter CO emission standards for LDT2s, LDT3sand LDT4s.
Basically, CO emissions from these vehicles must be reduced to the levels now required for
LDVsand LDT1sunder the NLEV program. Also, LDVsand LDTs must comply with the
NLEV CO standards over adlightly longer useful life of 120,000 milesinstead of the current
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useful life of 100,000 miles.

Compliance with the proposed Tier 2 CO emission standards should not be difficult given
compliance with the proposed Tier 2 NMOG standards. The control of both pollutants utilizes
much of the same technology and the proposed Tier 2 NMOG standards are the more stringent of
the two sets of standards. In addition, the above mentioned change in test weight should make it
even more easy to meet the proposed Tier 2 CO emission standards. The following table V-10
summarizes CO emissions from vehicles certified to the LEV standardsin California

TablelV-10. CO Emissionsfrom California LEVs (g/mi)

LDV/LDT LDT2 LDT3 LDT4
0.8 1.13 2.35 2.95

As can be seen, the CO emissions from all of these vehicles are well below the proposed
Tier 2 CO standard of 4.2 g/mi. While CO emissions from LDT3s and LDT4s are more than half
the proposed 4.2 g/mi standard, the current LEV standards for these vehiclesis more than twice
the proposed Tier 2 NMOG standard of 0.09 g/mi. As NMOG emissions are reduced to meet the
0.09 g/mi standard, CO emissions will decrease further, aswell. CO emission control is also not
aproblem for GDI engines. Thus, compliance with the proposed Tier 2 CO standard should not
add any additional burden to manufacturers relative to compliance with the proposed NMOG and
NOx standards.

3. Formaldehyde Emissions from Gasoline Fueled Vehicles

EPA is only proposing tighter formaldehyde emission standards for LDT2s, LDT3s and
LDT4s. Basically, formaldehyde emissions from these vehicles must be reduced to the levels
now required for LDVsand LDT1s under the NLEV program. Also, LDVsand LDT1swould
have to comply with the NLEV formaldehyde standards over a dlightly longer useful life of
120,000 miles versus the current 100,000 mile useful life.

Again, as with CO emissions, compliance with the proposed Tier 2 formaldehyde
emission standards should not be difficult given compliance with the proposed Tier 2 NMOG
standards. The control of both pollutants utilizes much of the same technology and the proposed
Tier 2 NMOG standards are the more stringent of the two sets of standards. Table IV-11, below,
summarizes formaldehyde emissions from vehicles certified to the LEV standardsin California.
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Table1V-11. Formaldehyde Emissionsfrom California LEVs (g/mi)

LDV LDV/LDT1 LDT2 LDT3 LDT4
0.0012 0.0016 0.0013 0.002 0.002

As can be seen, formaldehyde emissions from current California vehicles are roughly a
factor of 10 below the proposed Tier 2 formaldehyde standard of 0.018 g/mi. Thus, compliance
with the proposed Tier 2 formaldehyde standard should not add any additional burden to
manufacturers relative to compliance with the proposed NMOG and NOx standards.

4, Evaporative Emissions

The standards we are proposing today for evaporative emissions are technologically
feasible now. Many designs have been certified by awide variety of manufacturers that already
meet these standards. A review of the 1999 model year certification results indicates that the
average family is certified at less than 1.0 grams per test on the 3 day diurnal plus hot soak test,
i.e. at lessthan half the current 2.0 g/test standard.

The standards we are proposing will not require the development of new materials or, in
many cases, even the new application of existing materials. Low permeability materials and low
loss connections and seals are already used to varying degrees on current vehicles. Today’s
standards will likely ensure their consistent use and discourage manufacturers from switching to
cheaper materials or designs to take advantage of the large safety margins they have under
current standards (“ backsliding”).

There are two approaches to reducing evaporative emissions for agiven fuel. Oneisto
minimize the potential for permeation and |eakage by reducing the number of hoses, fittings and
connections. The second is to use less permeabl e hoses and lower |oss fittings and connections.
Manufacturers are already employing both approaches.

Most manufacturers are moving to “returnless’ fuel injection systems, and at least one
major manufacturer utilizes returnless systems on all of their vehicles. Through more precise
fuel pumping and metering, these systems eliminate the return line in the fuel injection system
which carries unneeded fuel from the fuel injectors, which has been heated from its close
proximity to the hot engine, back to the fuel tank. Returned fuel is asignificant source of fuel
tank heat and vapor generation. The elimination of return lines also reduces the total length of
hose on the vehicle and also reduces the number of fittings and connections which can leak.

Low permeability hoses and seals as well as low lossfittings are available and are
already in use on many vehicles. Fluoropolymer materials can be added as liners to hose and
component materialsto yield large reductions in permeability over such conventional materials
as monowall nylon. In addition, fluoropolymer materials can greatly reduce the adverse impact
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of alcoholsin gasoline on permeability of evaporative components, hoses and seals.

5. Diesal Vehicles

Very few LDVsand LDTs are currently sold with diesel engines. Out of annual sales of
more than 15 million vehicles, roughly only 30,000 are equipped with diesel engines. Thisisin
part due to the low price of gasoline over the past decade. Recently, a number of vehicle
manufacturers have announced aggressive programs to increase the sales of diesel LDVsand
LDTs. These programs are scheduled to begin between model year 2000 and 2002 and appear to
be aimed at easing manufacturers' compliance with the corporate fuel economy standards,
particularly for LDTs.

NOx and PM are the two biggest emission-related challenges for diesel engines. Diesels
have inherently low emissions of CO and NMOG and should have no problem meeting the
proposed Tier 2 standards for these pollutants. Therefore, the remainder of this discussion will
focus on NOx and PM.

Considerable progress has been made over the past 10 years in reducing engine-out
emissions from diesel engines. In heavy trucks and buses, PM emission standards which were
projected to require the use of exhaust aftertreatment devices were met with only engine
modifications. NOx emissions from heavy trucks and buses sold starting in 2002 will also
reflect deep reductions from emission levels typical of engines produced in the mid-1980's.
However, the benefits of improved diesel engine design appear to be reaching their limits. EPA
projectsthat diesel LDVsand LDTs could only meet NOx emissions standards of roughly 0.5-
0.6 g/mi and PM emission standards of roughly 0.05-0.08 g/mi without aftertreatment. These
levels are well above the highest allowable certification emission levelsincluded in today’ s
proposal.

In order to comply with the proposed Tier 2 emission standards for NOx and PM, diesels
will require the use of effective aftertreatment devices. For NOx emissions, these devices
include lean NOx catalysts, selective catalytic reduction (SCR) and NOx adsorbers. Lean NOx
catalysts are still under development and appear capable of reducing NOx emissions by 15-30
percent. Therefore, they are unlikely to be sufficiently effective to enable compliance with the
proposed Tier 2 standards.

SCR has been demonstrated commercially on stationary diesel engines and can reduce
NOx emissions by 80-90 percent. However, SCR requires that the chemical urea be injected into
the exhaust before the catalyst. This means that vehicle owners would have to periodically
refuel their vehicle with urea, aswell as diesel fuel. Ammonia emissions also occasionally occur
with use of SCR, which has a very objectionable odor.

Finally, NOx adsorbers can be up to 90 percent efficient at removing NOx from the
exhaust. However, these adsorbers are quickly poisoned by sulfur in the fuel and would require
reductionsin diesel fuel sulfur content. Their use also requires that the engine be run with
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excess fuel occasionally, so that the stored NOx can be converted to nitrogen and oxygen. These
adsorbers, coupled with techniques for introducing fuel into the exhaust periodicaly are still at
the research stage.

Overall, use of either SCR or a NOx adsorber should be able to enable compliance with
the proposed Tier 2 standards. The issue of reducing diesel fuel sulfur levelsto enable NOx
adsorbers and other technologies is discussed in a separate ANPRM.

Regarding PM, applicable aftertreatment devices tend to fall into two categories:
oxidation catalysts and traps. Diesel oxidation catalysts ook very similar to the 3-way catalysts
used on gasoline vehicles. Diesdl catalysts convert the hydrocarbon compounds in the exhaust to
water and carbon dioxide. This reduces exhaust NMOG emissions and heavier HC compounds
which comprise about 30 percent of total PM mass emissions. The oxidation catalyst can be
from 50 percent to 90 percent effective at converting HC. Thus, an oxidation catalyst can reduce
total PM emissions by roughly 15-27 percent. By itself, the oxidation catalyst is not likely to be
sufficient to enable compliance with the proposed Tier 2 standards without further advancements
in engine technology.

Traps can eliminate up to 90 percent of diesel PM emissions. Thetrap first filters the
carbonaceous particles from the exhaust. Then, periodically, this trapped PM must be burned, or
the trap will fill up and cause problemsin operating the engine. Diesel traps are currently being
used on buses in an number of U.S. cities. It appears that these traps can regenerate frequently
enough given the operating temperatures of bus engines and over-the-road trucks. However,
there is some question whether or not these traps could regenerate frequently enough with the
somewhat lower operating temperatures of diesel enginesin LDVsand LDTs. Regeneration can
be enhanced at lower exhaust temperatures through the use of more active catalysts on the
surface of the trap. However, these catalytic materials convert sulfur dioxide in the exhaust to
sulfuric acid. Thus, their use requires the removal of most of the sulfur in the fuel. Research
indicates that low temperature regeneration may also be enhanced through the use of catalytic
fuel additives comprised of cerium or iron. However, particulate containing these chemicals can
be emitted from the tail pipe, raising some health concerns. Use of these catalytic fuel additives
does not require the removal of sulfur from diesel fuel. An efficient trap should enable
compliance with the proposed Tier 2 PM standards.

B. Feasibility of Removing Sulfur from Gasoline
1 Sour ce of Gasoline Sulfur

Sulfur isin gasoline because it naturally occursin crude oil. Crude oil contains anywhere
from fractions of a percent of sulfur, such as less than 0.05 weight percent (0.05 percent isthe
same as 500 ppm) to as much as severa percent.? The average amount of sulfur in crude oil
refined inthe U.S. is about one percent.> Most of sulfur in crude oil isin the heaviest part, or in
the heaviest petroleum compounds, of the crude oil (outside of the gasoline boiling range). In
the process of refining crude oil into finished products, such as gasoline, some of the heavy
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compounds are broken up into smaller compounds and the embedded sulfur ends up in gasoline.
Thus, the refinery units which converts the heavy parts of crude oil into gasoline are the units
most responsible for putting sulfur into gasoline.

The fluidized catalytic cracker (FCC) unit is the refinery processing unit most responsible
for moving sulfur into gasoline. The FCC unit cracks large carbon moleculesinto smaller ones
and produces anywhere from 30 to 50 percent of the gasoline in most refineries. Because the
FCC unit makes gasoline out of the heavier, higher sulfur-containing compounds, more than 90
percent of sulfur in gasoline comes from that unit.* Another refinery unit which is responsible
for asignificant amount of sulfur in gasoline is the coker unit. These units produce coke from
the heavy part of the crude oil. In the process of producing coke, some gasoline blendstocks are
produced and some of these blendstocks are blended directly into gasoline. While the volume of
gasoline blendstock produced by the coker is small (normally less than one percent of the
gasoline pool), this stream usually contains more than 3000 ppm sulfur, so the contribution of
sulfur to gasoline is significant.

Another gasoline blendstock which contributes sulfur to gasoline is the straight run.
Straight run is the portion of the crude oil which fallsin the gasoline boiling range which is
blended directly into gasoline. Usually only the light straight run is blended into gasoline which
has a small amount of sulfur (i.e., on the order of 100 ppm sulfur), although in trying to meet a
low sulfur standard, even this amount sulfur of becomes significant. The heaviest portion of
straight run, which would have more sulfur, is normally desulfurized and reformed in the
reformer (to improve its octane), so its contribution to the gasoline pool isvirtualy nil. Alkylate
is another stream which can have enough sulfur worth mentioning. Most refineries have less
than five ppm sulfur in this pool, however, some refineries which feed coker naphthato the
alkylate plant can have much more. On average, akylate probably has about 10 ppm sulfur.
Other gasoline blendstock streams with either very low or no sulfur are alkylate, hydrocrackate,
and isomerate. Oxygenates which are blended into gasoline usually have no sulfur, however,
during shipping through pipelines, they can pick up some sulfur. The implementation of alow
gasoline sulfur standard, though, would reduce much of the sulfur which oxygenates could pick
up in the pipeline.

Since FCC units and cokers contribute so much sulfur to gasoline, then a reasonable
conclusion which could be reached would be that refineries could ssmply shut down these units
to meet alow sulfur standard. This conclusion is not reasonable considering the quality of crude
oil which is used today and the products demanded of the oil industry. Much of volume of crude
oil is composed of heavy compounds which has no end use, and thus is not usable without
processing by these units. Thus, these units make marketable products from what would
otherwise be awaste oil stream.

2. Current Levelsof Sulfur in Gasoline

It isimportant to know the average level of sulfur in gasoline because it helps determine
the most effective removal methods which should be used. The American Petroleum Institute
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(API) and the National Petrochemical Refiners Association (NPRA) surveyed gasoline producers
to gather information concerning refining operations during the Summer of 1996.° They
collected information on the qualities of gasoline for various regions called Petroleum
Administrative Districts for Defense (PADDs), aswell as for the country asawhole. (These
PADDs are illustrated below in Figure IV-2). Their study showed that the gasoline sulfur,
outside of California, averaged 340 ppm during the Summer of 1996.

Petroleum Administration for Defense (PAD) Districts
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FigurelV-2. Map of U.S. Petroleum Administrative Districtsfor Defense

When looking closer at the information provided in the report, we discovered that some
PADD sulfur levels calculated from the API/NPRA data were not in agreement with some of the
average blendstock sulfur levels presented within the same report, nor was it consistent with data
reported to EPA for the RFG program in 1995 and 1996. One possible reason for the
disagreement between the API/NPRA gasoline pool sulfur level and that reported to the RFG
data base isthat APl and NPRA only surveyed refiners for their summertime gasoline qualities.
Other possible reasons for the discrepancy are, that some refiners did not participate with the
API/NPRA survey (especialy in PADDs 1 and 5), while data handling complications also
precluded the inclusion of gasoline sulfur data from some refiners from being reported in the
RFG database. However, because the RFG data base contains year-round data and because it
often represents a larger portion of the gasoline sulfur pool, when the sulfur levels were
compared between the two data bases, or when the API/NPRA information was compared
internally, and there was disagreement, then the RFG data were used over the API/NPRA survey
information. The methodology for adjusting the average sulfur levelsis described in more detail
below in the section on fuel costs.
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After adjusting the sulfur values for each PADD, the national average gasoline sulfur
level for domestically produced gasolineis 305 ppm. Table IV-12 below summarizesthe U.S.
sulfur levels by PADD, and for the country as awhole. Because Californiahasit own low sulfur
gasoline program, gasoline produced there was excluded from consideration in this analysis.

TablelV-12. Average Sulfur Levelsby PADD and for the Nation.

PADD1 | PADD2 | PADD3 | PADD4 | PADD5 u.s
OC* Avg.*

Estimated Average
Sulfur Levels
* Qutside of California

215 338 308 265 506 305

It isimportant to note that the gasoline sulfur values reported in Table IV-12 are an
attempt to estimate the average gasoline sulfur level for estimating the cost of desulfurization. In
actuality, each sulfur value represents the volumetric average of arange of sulfur values with
each refinery representing a single data point. This range can vary from the tens of ppm to
almost 1000 ppm. The 1000 ppm sulfur level isthe upper limit of the amount of sulfur permitted
to be shipped in pipelines in accordance with the American Society for Testing Materiels
(ASTM) consensus standards.’

3. Feasibility of Meeting the Proposed Gasoline Sulfur Standards

The feasibility of meeting the proposed standards for low sulfur gasoline can be
demonstrated in two distinct ways. Thefirst way is to assess whether there is technology
available, or that can reasonably be expected to be available in the lead time provided, to the
refining industry to meet the proposed standard. The second way isto determine if refiners are
already demonstrating that they can meet alow sulfur gasoline standard similar to this proposed
rule. Evidence that refiners are already meeting a stringent gasoline sulfur program is amore
compelling example of feasibility since the technology must already be available if low sulfur
gasolineis already being produced.

It isindeed the case that there are low sulfur gasoline programs aready in place. The
State of Californiarequires gasoline sold in the State to meet a 30 ppm gasoline sulfur standard
on average and a 80 ppm cap, among a number of other fuel standards.® Furthermore, refiners
can produce gasoline which varies in composition, provided that the California Predictive
Emissions Model (which, like EPA’s Complex Model, estimates vehicle emissions from fuels of
varying composition) confirms that the proposed fuel formulation meets or exceeds the
emissions reduction that would occur based on the default fuel requirements. California
refineries are using the flexibility provided by the Predictive Model to surpass the prescriptive
standards for gasoline sulfur and are producing gasoline which contains 20 ppm sulfur on
average.® They are making this very low sulfur gasoline despite using Californian and Alaskan
crude oils which are poorer quality than most other crude oils being used today. Thus, the
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experience in California demonstrates that commercial technologies already exist to permit
refinersto produce low sulfur gasoline.

In addition to the California experience here in the U.S., alow sulfur requirement in

Japan provides additional evidence that reducing gasoline sulfur levelsto low levelsisfeasible.
Japanese refineries must meet a 100 ppm per-gallon cap. Based on the gasoline sulfur cap
established there, gasoline in Japan averages about 20 ppm sulfur.

4, Meeting a Low Sulfur Gasoline Standar d

The methodology that would be used refiners to lower their sulfur level dependson a

number of factors specific to their refinery. These factorsinclude:

The gasoline sulfur level prior to the start of the gasoline sulfur program

The refinery configuration (A typical complex refinery isillustrated in Figure 1V-3,
below.)

The amount of excess refinery desulfurization equipment on hand
The quality of feedstocks available, especially crude oil

The quality and types of products produced

Any plans to change the feedstocks or products of the refinery
The desulfurization technol ogies available and their cost

Other regulatory programs affecting refinery operations in the same time frame
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A refinery’ s average gasoline sulfur level isthe most important factor determining
whether arefiner would need to make a substantial capital investment to meet a sulfur standard.
After numerous discussions with refiners, we believe that those refiners with low gasoline sulfur
levelsto begin with (i.e., gasoline sulfur levels lower than, perhaps, 60 ppm) will probably not
need to invest in expensive capital. These refineries have such low sulfur levels due to one or
more of anumber of possible reasons. For example, some of these refiners may not have certain
refining units, such as afluidized catalytic cracker (FCC) unit, or a coker, which convert heavy
boiling stocks to gasoline (Figure 1V-3 shows these where these units are placed in arefinery).
As stated above, these units push more sulfur into gasoline and their absence means less sulfur in
gasoline. Alternatively, refiners may use alow sulfur (sweet) crude oil, which resultsin lower
sulfur gasoline. Or, these refiners may have already installed a hydroprocessing unit, such as
FCC feed hydrotreating, to improve the operations of their refinery which uses a heavier, higher
sulfur (more sour) crude oil. Thisunit removes much of the sulfur from the heaviest portion of
the heavy gas oil before it is converted into gasoline.

Of the refinersin thisfirst category, the refineries with sulfur levels below the proposed
sulfur standard would not have to do anything. On the other hand, those refineries with sulfur
levels above the proposed standard, but below some level, such as60 ppm, could probably meet
the standard employing operational changes only, which means avoiding capital investments if
thisisdesirable. For example, these refiners may be able to meet the proposed sulfur standard
by running existing desulfurization units harder, at capacity if the unit has headroom, or by
debottlenecking the unit, perhaps by using more effective catalyst. Alternatively, these refineries
may be able to meet the proposed sulfur standard by using a slightly sweeter crude oil. Refiners
also have FCC additives available to them which could alow them to reduce their FCC gasoline
sulfur level by 15 to 35 percent.’® Another strategy that these refiners could use to meet the
proposed gasoline sulfur standard would be to undercut the FCC gasoline. By cutting out the
heaviest 10 volume percent of FCC gasoline and sending that part to on-road diesel before
hydrotreating, to off-road diesel or to heating ail, refiners would be able to cut out 40 percent or
even more of the sulfur from this high sulfur blendstock. However, the refiners which choose to
undercut their FCC gasoline would then produce less volume of gasoline which generally
provides the highest profit margin. For this reason undercutting the FCC gasoline would likely
be a short term strategy. Finally, these refinery may be able to meet the sulfur standard by
blending in low sulfur oxygenates. Refiners may be able to employ several of these
desulfurization strategies together in varying degrees. These refiners with very low gasoline
sulfur levels to begin with produce only a small portion of the gasoline consumed in this country,
on the order of five percent.*

The vast mgjority of gasoline is produced by refineries with higher sulfur levels, and
refiners are expected to install capital equipment in these refineries to meet the proposed
gasoline sulfur standard. As stated above, the FCC unit is responsible for most of the sulfur in
gasoline. Thus, investments for desulfurizing gasoline would likely involve the FCC unit to
maximize the sulfur reduction, and to minimize the cost. This desulfurization capital investment
can be installed to treat the gas oil feed to the FCC unit, or treat the gasoline blendstock which is
produced by the FCC unit. Each method has advantages and disadvantages.
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FCC feed hydrotreating can be accomplished by a hydrotreater or amild hydrocracker.
These units are designed to operate at high pressures and temperatures to treat a number of
contaminantsin gas oil. Besides sulfur, FCC feed hydrotreating also reduces nitrogen and
certain metals such as vanadium and nickel. These nonsulfur contaminants adversely affect the
FCC catalyst, so the addition of this unit would improve the yield of higher profit-making
products such as gasoline and diesel. While FCC feed hydrotreating provides these benefits
which partially offsets the costs of adding this type of desulfurization, the costs are till high
enough that many refiners would have a hard time justifying the installation of this sort of unit.
For amedium to large refinery, the capital costs may exceed $100 million. Because of the
higher temperatures and pressures involved, operating costs are expensive relative to other forms
of hydrotreating explained below. Refiners may be better able to justify this approach if they
switch to a heavier, more sour crude oil. These crude oils are less expensive per barrel and can
offset the increased cost of the FCC desulfurization unit, providing that the combiniation of
reduced crude oil costs and higher product revenues justify the switch. Another benefit for using
FCC feed hydrotreating is that the portion of the distillate pool which comes from the FCC unit
would be hydrotreated aswell. While this distillate blendstock, termed light cycle oil, comprises
arelatively small portion of the total distillate produced in the refinery (about 20 percent of on-
road diesel comes from light cycle oil), like gasoline, it contributes alarger portion of the total
sulfur which ends up in distillate. Thus, FCC hydrotreating would allow arefiner to produce
more low sulfur onroad diesel or meet alower sulfur standard for onroad diesel, which could
apply in the future.

A less expensive dternative to hydrotreating the FCC feed for gasoline desulfurization is
FCC gasoline hydrotreating. FCC gasoline hydrotreating only treats the gasoline produced by
the FCC unit. Understandably, thisunit is much smaller because only about 60 percent of the
feed to the FCC unit ends up as gasoline produced by the FCC unit. The unit is often smaller
than that as refinerstypically only treat the heavier, higher sulfur portion of that stream. FCC
gasoline hydrotreaters operate at lower temperatures and pressures as well which further reduces
the capital and operating costs associated with this type of desulfurization equipment. For a
medium to large refinery, the capital costs would be on the order of $50 million for a
conventional hydrotreater. One drawback of this processis that octane value and some of the
gasolineyield islost during desulfurization. The loss of this octane must be made up by
additional octane production by other unitsin the refinery or by oxygenate addition, and the
volume loss can be made up by additional throughput to gasoline producing units, or also by
oxygenate addition.

Theloss of octane and gasoline yield caused by FCC gasoline hydrotreating is much
lower with gasoline desulfurization technologies which were recently introduced. CDTECH and
Mobil Qil each have developed new or improved technologies for desulfurizing gasoline.
CDTECH callsitstwo hydrotreating units for treating FCC full range gasoline CDHydro and
CDHDS. Mohil Qil callsits process OCTGAIN 220. These processes preserve much of the
octane and gasoline yield because they were designed for treating gasoline blendstocks. One
reason why these processes preserve octane and yield is that they operate at lower temperature
and pressure compared to conventional hydrotreating processes. The less severe conditions also
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lowers the capital and operating costs for this process. The capital cost for these improved
processes ranges from $20 to $40 million for amedium to large sized refinery. While the capital
costs are somewhat less than conventional hydrotreaters, much more cost savings arise out of the
reduced utility and ancillary costs. For example, because these processes are less severe, thereis
much less saturation of olefins, which means that there is much less hydrogen used. Less olefin
saturation also tranglates into less octane loss which would otherwise have to be made up by
octane boosting processing unitsin the refinery.

While these improved gasoline desulfurization technologies have been in the limelight
for over ayear now, we have also learned that other desulfurization processes are under
development. In conversations with several refiners, they shared with us that they arein the
process of developing their own desulfurization technology. We would expect them to use their
technologies if their development work is completed in time. Furthermore, other refining
process licensing firms shared with us that they are devel oping their own desulfurization
technology. We recently became aware that biodesufurization, which is the removal of sulfur
from petroleum using biological means, is on the verge of commercialization for the
desulfurization of diesel.*> The vendor of thistechnology informed us that the process will be set
up and running in about two yearsin a Petrostar refinery in Alaska. The vendor also shared that
gasoline desulfurization is alittle further behind, and they believe that they could be ready to
market that process for desulfurizing gasoline within the next two years. Two important
advantages of this technology are that hydrogen is not needed and that the feed to the unit does
not need to be heated to high temperature and compressed to high pressures. The cost savings of
these benefits are offset, though, by the need for extensive mixing to maintain an oxygen-rich
environment for the bacteriato work effectively. We anticipate that this processes will receive
much more attention in the near future as the vendor completesitsinitial pilot plant work. Our
initial assessment is that this process, given time, may be cost competitive with any of the
improved gasoline desulfurization technologies. However, at thistime, we are only focusing on
the improved gasoline desulfurization technologies for which we were given cost information
that allowed us to estimate the cost of gasoline desulfurization.

5. I mproved Gasoline Desulfurization Technology

We will briefly describe the improved gasoline desulfurization technol ogies below, but
first we'll describe conventional desulfurizing technology to establish a point of reference.
Conventional desulfurization occursin afixed bed reactor.** The reactor istermed fixed bed
because a catalyst, which helps to improve the reaction rate and specificity, iscontained in a
stationary bed within the reactor. The high sulfur gasoline blendstock is heated to a high
temperature (on the order of 600 degrees Fahrenheit) and pressure, to maintain the stream as a
liquid, and is combined with hydrogen before it enters the reactor. The reactions occur over the
bed of the catalyst. While the petroleum isin contact with the catalyst in the reaction vessel, the
sulfur is removed from the petroleum compounds and is converted to hydrogen sulfide. Also,
most or al of the olefin compounds which are present in the cracked stream are saturated. Since
olefin compounds are much higher in octane than their saturated counterparts, their saturation
causes a significant octane loss in any stream with a high olefinic content. Conventional
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hydrotreating has generally been used for streams with little or no olefins, such as for virgin gas
oil which istreated by the FCC unit, or for feed streams to the reformer and isomerizer. Thus,
octane loss upon hydrotreating these streams is not a problem. However, FCC gasolineis very
rich in olefins such that hydrotreating this stream normally causes alarge reduction in octane (up
to 8 octane numbers units can be lost if the entire FCC gasoline stream istreated). The
saturation of olefins also substantially increases the need for hydrogen.

The catalyst also tends to cause some of the petroleum compounds to “crack, ”
converting them from gasoline boiling range compounds to compounds too light for keeping in
gasoline, which istermed yield loss. After the reactor, the gaseous compounds, which include
unreacted hydrogen, hydrogen sulfide, and any light end petroleum compounds which may have
been produced in the reactor, are separated from the liquid compounds. The hydrogen sulfide
must be stripped out from the other compounds and then converted to elemental sulfur which is
then sold off. If thereis enough hydrogen and it can be economically recovered, it is separated
from the remaining hydrocarbon stream and recycled. Otherwiseit is burned with the light
hydrocarbons as fuel gas.

Mobil Octgain will be discussed next since the processis similar to a conventional
hydrotreater. This gasoline desulfurization processis the third generation of this process for
Mobil, and it is called Octgain 220. Like aconventional hydrotreater, Mobil uses a fixed bed of
catalyst for its Octgain process.** One primary difference between Octgain and conventional
hydrotreating is that Mobil Oil has developed its own catalyst for the reactor. The catalyst not
only causes the desulfurization of petroleum, it also causes isomerization reactions to occur
(straight chain petroleum compounds are changed to branched chain compounds) which
increases the octane of the resultant stream.”® The octane improvement caused by the catalyst
compensates for octane loss resulting from olefin saturation. Mobil designed this generation of
Octgain process to operate over arange in severity. If less desulfurization is needed, then the
process temperature and pressure are reduced. The less severe operating conditions reduces the
saturation of olefins, which in turn reduces less hydrogen consumption and utility use, in
addition to causing less octane loss. Under the less severe conditions, much or all of the octane
loss can be made up by the isomerization reactions caused by the catalyst. The less severe
operating conditions also causes less yield loss, as the conditions are less favorable for causing
cracking of the larger petroleum compounds to smaller compounds. Most of these benefits
would be negated if extensive desulfurization, on the order of 99 percent, is necessary. The steps
of the process following the reactor are the same for conventional FCC gasoline hydrotreaters.
One advantage of the Octgain process is that the reactor vessel for the processis the same as
vessels used for conventional hydrotreating. Thus, refiners can save on capital costs by using a
spare hydrotreating unit which it may have on hand in the refinery.

The CDTECH processis significantly different from either conventional hydrotreating or
Octgain, which makesit alittle more complex to describe. The CDTECH process utilizes
catalytic distillation.'***® Catalytic distillation is atechnology which has been applied for a
number of different purposes. CDTECH is currently licensing the technology to produce MTBE
and selective hydrogenation processes. Based on their experience and success with that process,
they applied the same technology to desulfurizing gasoline. Asthe nameimplies, distillation and
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desulfurization, via a catalyst, take place in the same vessel. This design feature may save the
need to add a separate distillation column in some refineries. All refineries have adistillation
column after the FCC unit (called the main fractionation column) which separates the gasoline
from the most volatile components (such as liquid petroleum gases), the distillate or diesel (light
cycleoil), and the heavy ends or residual oil. However, if arefiner only wishesto treat a portion
of the FCC gasoline, then he may have to add a second distillation column to be able to separate
off the portion of the FCC gasoline which he wishes not to treat. With the CDTech process, the
refiner can choose to treat the entire pool or a portion of the pool, but choosing to treat a part of
the pool can be an option in how the CDTech hardware is applied, thus negating any need for an
additional distillation column. The choiceisrealized by setting up the distillation and associated
catalyst to treat only the portion of the pool which needsto be treated.

The most important portion of the CDTech desulfurization processis two distillation
columns loaded with desulfurization catalyst in a packed structure. The first vessel, called
CDHydro, treats the lighter compounds of FCC gasoline, while the second column, called
CDHDS, treats the heavier compounds of FCC gasoline. All of the FCC gasolineisfed to the
CDHydro column. The five- and six-carbon petroleum compounds boil off and head up through
the catalyst mounted in the column, along with hydrogen which is also injected in the bottom of
the column. The reactionsin this column are unique in that the sulfur in the column are not
hydrotreated to hydrogen sulfide, but they instead are reacted with dienes in the feed to form
thioethers. Their higher boiling temperature causes the thioethers to fall to the bottom of the
column. They join the heavier petroleum compounds at the bottom of the column and sent to the
CDHDS column. Because the pressure and temperature of the first column is much lower than
conventional hydrotreating, saturation of olefinsis reduced to very low levels (according to
CDTECH, the saturation which does occur is desirable to eliminate diolefins). Thus, little
excess hydrogen is consumed. An option for the refiner isto put in an additional catalyst section
in the CDHydro column to increase octane. This octane enhancing catalyst isomerizes the some
of the olefins which increases the octane of this stream by about three octane numbers.

The seven-carbon and heavier petroleum compounds leave the bottom of the CDHydro
unit and are fed into the CDHDS column. There, the heavier compounds head down the column,
and the lighter compounds head up. Both sections of the CDHDS column have catalyst |oaded
into them which serve as hydrotreating reaction zones. Similar to how hydrogen isfed to the
CDHydro column, hydrogen is fed to the bottom of the CDHDS column.

The temperature and pressure of the CDTech process columns are lower than Mobil Oil’s
Octgain process. These operating conditions minimize yield and octane loss. While the CDTech
process is very different from conventional hydrotreating, the catalyst used for removing the
sulfur compoundsisthe same. Thus, if concerned about the reliability of the process, refiners
can look at the track record of the catalyst in conventional hydrotreating to get an indication of
its expected life, and then adjust that expectation based on the milder conditionsinvolved. One
important different between the CDTech process and conventional hydrotreating isthat CDTech
mounts its catalyst in a unique support system, while conventional catalyst is simply dumped
into the fixed bed reactor. Although the CDTech desulfurization processis different from
conventional hydrotreating processes, the use of a distillation column as the basis for the process
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isvery familiar to refiners. Every refinery has distillation in its refinery, thus, refiners are very
skilled in its application.

6. Expected Desulfurization Technology to be Used by Refiners

If the proposed gasoline sulfur standard is finalized, refiners which produce gasoline
would have to meet the standard to be able to continue participating in the U.S. gasoline market.
As stated above, most refiners will have to invest in desulfurization technology. Arguably,
refiners would try to minimize the cost to their business. As stated above, the improved gasoline
desulfurization technology costs of CDTECH and Mobil Oil Octgain provide refiners alower
cost option for meeting a gasoline sulfur standard. However, many refiners have shared with
EPA that they may be hesitant to use these improved, but recently developed technologies for
gasoline desulfurization. They claim that until the technologies have been installed in one or
more refineries and operated for awhile, that there will continue to be a significant measure of
uncertainty. This uncertainty could tip the balance away from using these improved
desulfurization technologies, to applying more expensive conventional desulfurization
technology.

While there is a concern now on the part of some refiners about using these improved,
but not commercially tested desulfurization technologies, we believe that much of this concern
will dissipate shortly. Both processes are expected to be installed and operated in refineries later
on thisyear. Mobil Oil has an Octgain hydrotreater installed at its Joliet, Illinois refinery. Up to
now, though, only the second generation Octgain catalyst (Octgain 125) was demonstrated at
that site. However, Mobil Oil plansto load its new Octgain 220 catalyst in the hydrotreater at
Joliet to determine how it runsin afull scale hydrotreater. This experience should start to occur
sometime before midyear of 1999." CDTech has years of accumulated service with its
CDHydro unit. Inits present service, certain olefins called dienes are reduced and octane is
improved. While this service is not intended for desulfurization, these units do in fact combine
sulfur compounds together much like how the process will operate in a desulfurization service.
Thus, this unit has extensive operational experience already. The CDHDS unit, on the other
hand, has not been installed in any refinery. Itisto beinstalled in a Motivarefinery (which was
Star) in Port Arthur, Texas, with a start-up date sometime around the third quarter of 1999.
Another refinery, which is Transamerican in Louisiana, is aso planning to install the CDHDS
unit, followed by the CDHydro unit for desulfurization, sometime in the first half of the year
2000.

7. Feasibility for a L ow Gasoline Sulfur Standard in 2004

We believe that sufficient evidence exists which supports the conclusion that it is feasible
for the U.S. refining industry to meet the 30 ppm average standard in four years or less. We
discussed the possibility of meeting a stringent gasoline sulfur program with refiners. The
American Petroleum Institute (API) communicated to us that a minimum of four yearsis needed
between when afuel regulatory requirement is promulgated and when the requirement must be
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implemented.® In API’s comments on thisissug, it provided a schematic of atypical refinery
project development timeline. This schematic showed that a*“ best estimate” of installation time
would be 4.5 years. However, if contingencies are considered, then 5 years would be required.
In more detail and without contingencies, API’ s project timing schedule without contingenciesis

summarized here relative to date of the final rule (FR). The table also shows EPA'’ s estimates
for the same process steps.

TablelV-13. Leadtime Required Between Promulgation of the Final Rule and

I mplementation of the Gasoline Sulfur Standard (years)

EPA API (without contingencies)
Timefor Cumulative Timefor Cumulative

Individual Step Time Individual Step Time
Scoping Studies 0.5-1.0* 0.5 1.5* 1.0
Process Design 0.75-1.5 1.25-2.0 15 2.0
Permitting 0.5-1.0 1.75-25 15 25
Detailed Engineering 0.5-1.0 2.0-3.0 125 2.75

Field Construction 0.75-1.25 2.25-35 15 4

Start-up/Shakedown 0.25-0.5 2.5-4.0 0.75 4.5

* Can begin before FRM

Scoping and screeening studies refer to the process whereby refiners investigate various
approaches to sulfur control. These studies involve discussions with firms which supply
gasoline desulfurization and other refining technology, as well as studies by the refiner to assess
the economic impacts of various approaches to meeting the sulfur standard. In the case of
gasoline desulfurization, arefiner would likely send samples of their FCC gasoline to the firms
marketing gasoline desulfurization technology to determine how well each technology removed
the sulfur from that particular type of FCC gasoline (e.g., sulfur removal efficiency, octane and
yield loss, hydrogen consumption, etc.).

API projects that these studies can start 6 months prior to the final rule and would
continue for ayear after the final rule. Based on discussions with both refiners and technology
providers, it is clear that many refiners have already been conducting these studies for at least a
year. We believe that by the time of the fina rule, refiners will already have avery good idea of
the performance and economics of the various gasoline desulfurization technologies at the pilot
plant level. Some time will be required to process the details of the final rule. More
importantly, however, is that many of the new gasoline desulfurization technologies will be
demonstrated in actual refinery applicationsthisyear. Refiners naturally desire as much
demonstrated experience with any new technology as possible prior to investing significant
amounts of capital in these technologies. As discussed above, we believe that these new
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technol ogies are sufficiently similar to existing gasoline desulfurization technology that long-
term performance will not be an issue if the process operates as designed initially. Thus, we
believe that sufficient performance datawill be available within 6 months after the final ruleto
allow refinersto initiate process design. Thisisthe same time period estimated by API, though
API estimates that the scoping studies will extend 6 months into the process design period.. As
this does not affect the total leadtime needed, the ability to modify the design during the process
design period simply gives arefiner more flexibility to optimize its design.

API then estimates that process design, permitting and detailed engineering will require
amost two and ahalf years. While not shown in the table, API estimates that the major
appropriation decision will be made two and ahalf yearsinto the process, or just after receiving
the final permit approval and just before detailed engineering is completed.

The time required for process design will depend on the extent of the refinery
modifications planned. We expect that the great majority of refiners will hydrotreat their FCC
gasoline. If no existing equipment is used, this primarily involves building the hydrotreater and
its associated equipment (distillation columns, furnaces, pumps, compressors). The refiner
would also require a source of a hydrogen for the desulfurization unit. This could come from
hydrogen already being generated in the refinery, or from an outside source. In the extreme, the
refiner would have to build its own hydrogen plant. Finaly, the refiner will have to ensure that
the hydrogen sulfide being generated from the desul furization equipment can be processed in the
refinery’ s existing sulfur recovery plant. Given the small amount of sulfur being removed from
gasoline compared to the amount of sulfur already being processed in the refinery, thisislikely
to be possible with little change to the sulfur recovery plant. However, some expansion could be
required in the extreme.

All of this equipment is already common to refineries. Gasoline desulfurzation units are
either very similar to existing distillation columns or gasoline and diesel fuel hydrotreaters
already being used in essentially every refinery. Hydrogen plants are widely used throughout the
refining and chemical industries and can be purchased from vendors as basically stand alone
units. The sameistrue for sulfur recovery plants. Also, design and construction time has been
reduced by up to 40 percent between 1991 and 1996 alone by computerized design and
improving construction scheduling using state of the art methods.?* For example, CDTECH
estimates that 10 - 12 weeks are needed for the basic process design of their equipment. While
this estimate for basic process design may not represent all the technol ogies which may be used,
even if the process design for these other technologiesis 2 or even three times longer, thistime
would still be significantly less than API’s estimate. API does not mention any recent reductions
in required project schedules associated with computerization and standardization in design and
construction improvements. They do make comparisons to past |eadtimes provided for RFG, but
only indicate that the leadtime required has increased, not decreased. Thus, it is not clear why
API is estimating the need for so much more time for process design and engineering.

It is possible that some refiners might decide to implement more major changes to the
refinery, such as adding a FCC feed hydrotreater. This equipment is more unigue to each
refinery and could require some additional time to design. However, this equipment would
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significantly reduce a variety of emissions from the FCC unit. This should ease permitting and
compensating for any emission increases elsewhere in the refinery. The upper limits of our
estimates shown in Table IV-13 apply to the limited number of these more major modifications
which might occur.

API aso indicates that the time necessary for permitting has increased even since the
mid-1990's when refineries made modifications for RFG production. EPA recognizes that
permitting is a necessary step in the process and that it is often outside of the refiner’ s control.
EPA has committed to working with states and |ocal agencies to streamline this process as much
aspossible. We believe that the permitting can be reduced to as short as six months and to at
most ayear.

According to ageneral estimate for construction time for about the 1980 time frame, 18
to 42 months should be allowed for large construction projects over $10 million, which could
range up to the installation of an entire refinery or plant.?> Smaller projects are projected to
require substantially lesstime. The projected capital cost of gasoline desulfurization is near the
lower end of the cost range cited, considering inflation. Thus, the 18 month estimate should be
considered applicable, which isthe same as API’s estimate. However, this estimate was well
prior to the 35-40% reductions cited above. Also, the construction time for those refiners
planning to install demonstration units of the advanced desulfurization technology are well
below 18 months. Thus, we estimate the time of construction to be a year, plus or minus three
months.

Overall, shortening the permitting and basic process design has a dramatic impact on
API’s estimated four year time for complying. Based on this analysis, we estimate that refiners
should be able to complete the process of designing and installing gasoline desulfurization
hardware, and make other refinery changes, in about 2¥2 to four years. Again, the upper end of
this range should only apply to a small number of refiners which will be making major changes
to their refinery configuration as aresult of gasoline desulfurization.

API estimates that up to an additional year is needed for contingencies. Those refiners
which would need that extratime will have added flexibility to meet the proposed program
implementation date by participating in the averaging, banking and trading program. Those
which can meet the proposed implementation date sooner will be able to generate credits which
can be traded to those which need more time to comply. For those refiners which would like to
install their own gasoline desulfurization processing units, but are not yet very far along, the
trading program would potentially allow them more time to develop their processes.

Several different fuel programs already in place suggest that a stringent gasoline
desulfurization program can be phased-in sooner than what API claims. The California sulfur
control program which was promulgated in June of 1975, started to phase in only six months
after promulgation, and was fully phased in 4Y2 years later.?® Similarly, the Phase || California
Reformul ated Gasoline Program was promulgated in November 1991 and took effect about 42
years after promulgation.® However, in addition to a stringent sulfur control standard, refiners
also had to meet stringent controls for aromatics, olefins, Reid vapor pressure, and distillation
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index. Thus, if Californiarefiners began to meet the low sulfur program within six months, and
the very stringent RFG requirements in 4%z years, then, this argues that if only a stringent
gasoline sulfur standard were to be finalized, that most refiners should be able to meet that
requirement in less than four years. Also, because the refining industry already has extensive
experience with meeting the Californialow sulfur requirement, it likely could meet a similar
standard sooner.

The On-Road diesel sulfur rulemaking provides an example of refiners meeting a much
shorter compliance period. Refiners nationwide met the on-highway low sulfur diesel standards
in three years time; since the rulemaking was promulgated August 1990 and took effect October
1993.% That rulemaking required refiners to reduce diesel sulfur levels from over 2000 ppm
down to under 500 ppm. Diesel hydrotreaters are fixed bed hydrotreaters which, as described
above, are essentially the same design as Octgain units

For the Reformulated Gasoline Program, EPA proposed to give refiners 4 years to meet
the Complex Model requirements of the Reformulated Gasoline program. We felt that 4 years
was necessary so that refines could take time to understand how to most cost-effectively use the
Complex Model, and to install whatever capital which needed to beinstalled. However, this
rulemaking specifies a single specification and not require the use of a complex emissions
model.

Refiners will have a minimum of four years leadtime to comply with the gasoline sulfur
standard if the final rule is promulgated by the end of 1999. However, the sulfur averaging
banking and trading program provides up to an extratwo years for those refiners participating in
the program. Thus, the leadtime provided in this proposal should be sufficient, with one
exception.

Small refiners may need more time to comply with a sulfur control program. Small
refiners generally have a more difficult time obtaining funding for capital projects, and must plan
further in advance of when the funds are needed. We contracted a study of the refining industry
which included assessing the time required for small refiners to obtain loans for capital
investments. The simple survey revealed that small refiners would need two to three months
longer than large refiners to obtain funding. 1f small refiners are forced to or prefer to seek
funding through public means, such as through bond sales, then the time to obtain funding could
be longer yet, by up to one third longer.?® In addition, because of the more limited engineering
expertise of many small refiners, the design and construction process for these refineriesis
relatively more difficult and time consuming. We also think that the contractors which design
and install refinery processing units will likely focus first on completing the more expensive
upgrade projects for large refiners. Thus the design and construction of desulfurization hardware
in the refinery would take longer aswell. For this and other economic reasons, we are proposing
to delay the implementation of the low sulfur program for small refiners.

8. Phase In of Compliance with the Proposed Sulfur Standards
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In the previous section, we estimated that it would take 2.5-4 years (30-48 months) to
design and construct sulfur desulfurization equipment. The lower end of this range was more
relevant to those refiners choosing to desulfurize FCC gasoline, while the upper end of the range
would more likely apply to more significant changes, possibly involving the construction of a
FCC feed hydrotreater and changes to other units in the refinery to accommodate a changein
crude oil which the FCC feed hydrotreater enabled.

The proposed gasoline sulfur requirements begin on October 1, 2003. On October 1,
2003, the per gallon cap of 300 ppm takes effect, followed by similar caps of 180 ppm and 80
ppm which take effect on January 1, 2005 and January 1, 2006, respectively. Also, refiners
actual gasoline production must contain less than 120, 90 and 30 ppm sulfur on average during
calendar years 2004, 2005 and 2006 (and beyond). Finally, refiners must also meet arefinery
average sulfur standard of 30 ppm starting on January 1, 2004.

Between January 1, 2004 and December 31, 2005, the 30 ppm refinery average standard
can be met using credits generated or purchased. Between January 1, 2000 and December 31,
2003, credits can be generated by selling gasoline (conventional or reformulated) that contains
no more than 150 ppm sulfur. The credit is the difference between the sulfur content of the fuel
produced and the refinery's 1997-1998 sulfur baseline in the case of conventional gasoline or
wintertime RFG, multiplied by the volume of gasoline produced. In the case of summertime
RFG, the credit is the difference between the sulfur content of the fuel produced and 150 ppm,
again multiplied by the volume of gasoline produced. Starting in 2004, credits (and debits) are
the product of the difference between the sulfur content of the fuel produced (whether
conventional or reformulated) and 30 ppm.

The phase in of both the per gallon sulfur caps and the actual average sulfur standards
between 2004 and 2006 and the ability to generate sulfur credits starting in 2000 is intended to
allow refinersto stagger their investment in desulfurization technology while protecting Tier 2
vehicles from unreasonable sulfur levels and getting substantial emission reductions from both
Tier 2 and existing vehicles. In order to estimate the rate at which individual refineries must
install desulfurization equipment, we estimated each refinery's current sulfur level and compared
thisto the proposed requirements. We based our estimates of refinery's current sulfur levels on
these refinery’'s official 1990 baselines, which were developed in support of the EPA's RFG and
antidumping programs. These 1990 baselines were updated using 1997 data which refiners
submit, again as part of the RFG and antidumping programs. When the 1997 data were available
for an individual refinery, it was used in lieu of the 1990 baseline. However, in some cases,
1997 datawere only available for all of a corporation’s refineries on an aggregate basis. In this
case, each refinery's 1990 sulfur level was multiplied by the ratio of the refiner's 1997 corporate
average sulfur level to its 1990 corporate average sulfur level. This procedure assumes that any
change in sulfur between 1990 and 1997 occurred proportionately at each refinery. Inafew
cases, 1997 data were not yet available for a specific refiner, so the 1990 baseline was used
unchanged.

We used these sulfur estimates along with estimates of each refinery's gasoline
production to develop a profile of the industry. We grouped refineries by current sulfur level
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and determined the amount of gasoline produced by non-Californiarefineriesin each sulfur
grouping. Refiners meeting the definition of a small business were also excluded, as they would
have more time to comply with the proposed sulfur requirements than other refiners. The results
of thisanaysis are shown in Table IV-14.

TablelV-14. Distribution of Refineries by Current Gasoline Sulfur Level

Refinery Groupings
1 2 3 4
Range of Gasoline Sulfur (ppm) 0-40 41-180 181-300 >300
Average Baseline Sulfur (ppm) 17 105 246 476
Percentage of total fuel produced 2% 26% 26% A7%
| Number of Refineries 10 33 25 39

Starting with this information, we projected the actions which refiners could take in
meeting the proposed gasoline sulfur requirements. Thisanalysis revealed that the per gallon
caps of 300 and 180 ppm applicable nominally in 2004 and 2005 were the most constraining
features of the proposal in these early years of the program. Thus, this discussion will begin
with compliance with those caps, followed by a discussion of compliance with the absolute
corporate average standards of 120 and 90 ppm in 2004 and 2005 and compliance with the 30
ppm standard, which can be met with credits.

A refiner can take two basic types of actions to meet the 2004 and 2005 sulfur caps. It
can make operational changes without adding or substantially modifying its current refining
equipment or, it can add new capital equipment. Operational modifications include switching to
alow sulfur crude oil, operating existing FCC feed and naptha hydrotreaters more severely,
debottle-necking these units to process more volume, and shifting the heaviest portion of FCC
gasoline (which contains a disproportionate share of FCC gasoline sulfur) to the distillate pool.
As an alternative to the last approach, arefiner could hydrotreat this heavy FCC gasolinein its
distillate hydrotreater, desulfurize it, separate it from the hydrotreated distillate and then reblend
the desulfurized FCC gasoline back into the gasoline pool. We believe that these techniques
would enable refiners to reduce sulfur levelsin the near term. However, the degree of this
reduction is difficult to estimate. Also, refiners have to meet the Phase 2 requirement of the RFG
program in 2000, which is generally expected to require RFG to contain roughly 150 ppm sulfur
during the summer months.

Very few refiners have built new gasoline desulfurization equipment in order to meet this
requirement. Thus, they appear to be planning to meet the 150 ppm level with operational
changes or by reblending. Reblending would involve the production of two distinct gasolines
within the refinery, one with lower sulfur levels for the RFG market and another gasoline with
higher sulfur levels for the conventional gasoline market. The antidumping requirements which
apply to non-RFG gasoline implicitly limit the degree to which this can occur, but it still possible
that many refiners will use blending strategies to at least partially meet the Phase 2 RFG
requirements. In any event, the Phase 2 RFG requirements are likely to utilize some of refiner's
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existing ability to reduce gasoline sulfur without new capital equipment. This, plusthe
uncertainty in the degree that operational changes can reduce sulfur levels, led us to believe that
refiners would not rely on operational changes as the primary means of meeting the 2004 and
2005 per gallon sulfur caps of 300 and 180 ppm. Asaresult of this, for the purpose of this
analysis, we assumed that any major reductions in gasoline sulfur needed to meet the per gallon
caps, as well as the eventual 30 ppm standard, would be met through the construction of new
desulfurization equipment.

This uncertainty in the way in which refiners will meet the Phase 2 RFG requirements
also led usto assume that the pool average sulfur level will not decrease in 2000 due to these
requirements. In fact, some reduction islikely. However, this reduction would only serve to
delay the timing of investments in desulfurization equipment. In this respect, the projections
made below probably overestimate the number of refineries which must invest in the near term
to some degree.

In most cases, the overall costs of desulfurization equipment is minimized when its
construction is conducted in one step (enabling the production of 30 ppm gasoline), as opposed
to atwo step process involving some intermediate sulfur level. Thus, we also assumed that if a
refinery had to install new equipment to meet a particular sulfur standard, it built equipment
sufficient to comply with the 30 ppm standard and 80 ppm cap. There are some situations,
particularly those involving higher baseline sulfur levels, where the equipment needed to meet
the final 30 ppm standard involves more than one desulfurizing unit. Inthis case, it may be
possible to install the major unit prior to October 1, 2003 and meet the 2004 requirements and
delay the other unit(s) until 2005 or 2006. This possibility was not accounted for here.

Sulfur group #4 in Table IV-14 shows that 39 refineries have current sulfur levels above
300 ppm. These refineries must reduce their gasoline sulfur levels to 300 ppm or less by
October 1, 2003, due to the per gallon cap taking effect at that time. In accordance with the
above premises, the 39 refineries in this group would require fully operational desulfurization
equipment by thisdate. Infact, thisislikely an overestimation. Some of the refineriesin this
group are within 10-15 ppm of the 300 ppm cap. Itislikely that these refineries could reduce
their sulfur levels by afew ppm without installing new equipment. However, regular grade
gasoline tends to contain more sulfur than premium grade. Meeting a per gallon cap with regular
grade gasoline may require the refinery average sulfur level to be somewhat below 300 ppm.
Also, refineries do not produce identical gasoline each day; there is some variation in the quality
of gasoline produced throughout the year. Since the 300 ppm cap appliesto each and every
batch of gasoline produced, this variation also requires that the average sulfur level be below 300

ppm.

Thisimplies that some of the refineriesin Group #3 would aso have install
desulfurization units to meet the 300 ppm cap. However, thisignores the possibility of sulfur
reductions from operational refining modifications and reducing historic variation in gasoline
guality given an economic incentive to do so. We project that these more modest modifications,
along with improved blending techniques, would be sufficient for those refineries currently near
the 300 ppm level to produce regular and premium grades of gasoline under the 300 ppm cap.
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Thus, we project that 39 desulfurization units would have to be installed and operating
prior to October 1, 2003. We aso project that six of these units would be installed by mid-2002,
12 would be installed by January 1, 2003 and the remaining 21 units would be installed by
October 1, 2003. The projection of the 6 early units reflects the fact that technology vendors
wishing to license their technology to refiners will need to demonstrate this technology early in
the process. EPA projects that at least six technologies will be competing in this timeframe. We
are already aware of at least three plants which will be in operation during 2000 or early 2001,
two CDTech units and one Mobil Octgain unit. Assuming that EPA issuesitsfina Tier 2/Sulfur
rule by the end of 1999, mid-2002 is exactly 30 months later, which is generally the minimum
time EPA projects for installing such equipment. Of course, given the commercia purposes for
constructing and operating this equipment, plans could begin well before the final rule is signed,
as indicated by the two projects mentioned above.

The 12/21 split between the 2003 and 2004 units was based on the premise that some
refiners would want to generate credits for use in their other refineries in 2004 and 2005 or for
saleto other refiners. We also expect that refiners, process design firms, and construction firms
would want to spread out the design and construction of this new equipment as much as possible.
Installing this new equipment within 36 months of the final rule (i.e., by January 1, 2003) is
certainly feasible, given the projections made in the previous section. Thus, EPA believes that
there would be an economic incentive to begin construction at some refineries sooner than at
others.

Using the same assumptions, those refineries with current sulfur levels between 180 and
300 ppm would have to install equipment for use by January 1, 2005. Asshownin Table1V-14,
this group includes 25 refineries. Finally, the 30 ppm standard effective in 2006 would require
another 33 refineries to install desulfurization equipment. Ten refineries out of the total of 107
refineries located in the U.S. outside of California aready have sufficiently low sulfur levelsto
avoid the need for new equipment.

Table I'V-15 shows the effect of the phase-in of this new equipment on average sulfur
levelsin the non-California U.S. gasoline pool. As can be seen, pool average sulfur levelsin
2004 and 2005 are 105 and 49 ppm, respectively, well below the proposed 120 and 90 ppm
corporate average standards. Thus, no additional controls should be required to meet these
average standards if sufficient credits are available either from within the corporation or on the
open market. This conclusion presumes that refineries with current sulfur levelsin between the
corporate average standard and the per gallon cap (e.g., 120-300 ppm in 2004) are a part of a
corporation which has another refinery at 30 ppm, so that its actual corporate average sulfur level
is below 120 or 90 ppm, as applicable, since these standards must be met without the use of
credits.
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TablelV-15. Effect of Phase-In of Sulfur Control to Meet Sulfur Capsin 2004 and 2005

2000 2001 2002 2003 2004 2005 2006

Pool Average 312 312 296 216 105 49 30
Sulfur Level
(ppm)
Number of 0 0 6* 12 21 28 30
Refineries
Building Sulfur
Units
Percentage 0 0 7% 22% 47% 73% | 100% **
Controlled to 30
ppm
Credits (ppm over the entire U.S. gasoline pool for an entire year)
Credits Generated 20 20 20 20 0 0 0
from Winter RFG
Credits Generated 0 0 16 96 0 0 0
from Sulfur Units
Credits Used to 0 0 0 0 -75 -19 0
Allow Sale of >30
ppm Gasoline
Cumulative Credit +20 +40 +76 +192 +117 +98 +98
Balance

* Units only operate during second half of 2002.

*x Includes 2% of fuel which is currently below 40 ppm sulfur.

This table also shows the sulfur credits generated and used by refineries between 2002
and 2006. As can be seen, 112 ppm of credits were generated by the 18 units operating before
January 1, 2004. Thisamount is greater than the 94 ppm of credits which are needed by the 58
refineries which did not begin operating sulfur units until 2005 or 2006.

Table IV-15 also shows a series of 20 ppm credits under the heading of wintertime RFG.
The proposed credit provisions allow winter RFG to generate sulfur creditsif its sulfur level is
below the individual refinery’s baseline sulfur level, which on average is 312 ppm. Summer
RFG is expected to contain 150 ppm sulfur or less. EPA projects that the cost of extending this
control (or reblending) to the winter months would be minimal and that refiners would likely
choose to generate creditsin thisway. The 20 ppm per year of credits represents the difference
between the U.S. pool average sulfur level (312 ppm) and the 150 ppm level (difference of 162
ppm), multiplied by afactor of one-half, since only winter fuel would receive the credit and by a
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factor of 0.25, since RFG isroughly 25 percent of the non-California gasoline market.

Given this expectation of significant RFG-related credits, EPA projects that a significant
excess of creditswould be available. Thisanalysis assumesthat all credits which are generated
are either used within a corporation or are put up for sale on the open market. This may not
occur in al cases. However, this analysisindicates that only about half of the credits expected to
be generated are actually needed to allow refineries with current sulfur levels below either 300
ppm or 180 ppm to delay installation of desulfurization units until 2005 or 2006, respectively. It
is also possible that many more credits would be available, if many refineries use operational
techniques to reduce sulfur to levels below the 150 ppm trigger level before the time that they
install desulfurization units. On the other hand, fewer credits would be available if refineries
adopt an alternative schedule to phase-in desulfurization capacity (because of capital constraints
or site specific factors affecting individual control decisions) than the schedule posited by this
analysis. As noted above, for example, some refineries may be close enough to the 300 ppm cap
to be able to reduce their sulfur levelsto meet the cap without installing new equipment. There
may also be cases where refineries have such high baseline sulfur levels that more than one
desulfurization unit would be required to produce 30 ppm sulfur gasoline on average. Inthese
cases a decision to phase-in these units rather than installing 30 ppm technology initially would
reduce the number of credits generated early. However, even if fewer refineriesinstall
desulfurization equipment to generate early credits than our analysis assumed, we believe there
will be sufficient credits generated from winter RFG and from early installation of some 30 ppm
technology to fully cover the credits needed by the industry.
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Chapter V: Economic Impact

A. Impact of Tier 2 Standardson Vehicle Costs

This section presents a detailed analysis of the vehicle-related costs we estimate would be
incurred by manufacturers and consumers as aresult of the Tier 2 standards. Section B. of this
Chapter presents cost estimates for fuels changes. For manufacturers, the economic impact of
the Tier 2 standards would include incremental costs for various vehicle hardware components,
aswell as up-front costs for research and development (R& D), certification, and facilities
upgrades. Impacts on consumers would include increases in vehicle purchase price and changes
in vehicle operating costs. Finally, this section provides estimates of the annual nationwide
aggregate costs for Tier 2 vehicles.

1. Manufacturer Costsfor Tier 2 Vehicles
a. M ethodol ogy

This section A.1. discusses EPA’ s estimates of costs to manufacturersfor Tier 2 vehicles,
including both hardware and developmental costs. The estimates are based on projections of
technology changes we consider most likely to be used by manufacturers to comply with the Tier
2 standards. To estimate costs, we have analyzed two sets of technologies for each vehicle class
and engine type, a baseline technology package and a Tier 2 technology package. We used as a
baseline, projected NLEV technologiesfor LDV, LDT1s, and LDT2s, and Tier 1 technologies
for LDT3sand LDT4s. These are the standards that vehicles will be meeting in 2003."! We have
estimated the baseline technology packages based primarily on California Air Resources Board
technology analyses done in support of the California LEV program,* with adjustments based on
discussions with manufacturers about trends in technology.

The following analysis projects arelatively uniform emission control strategy for various
LDV and LDT models. However, this should not suggest that a single combination of
technologies would be used by all manufacturers. Selecting technology packages requires
extensive engineering judgement and EPA does not know future technology mixes and costs
with certainty. New technological developments could significantly change the approach
manufacturers would take to meet the standards. In addition, there are several emissions control
technologies and several manufacturers of each. The Technological Feasibility portion of this
RIA details many of the available technologies. Each manufacturer will choose the mix of
technologies best suited for their vehicles. Manufacturers would have as many as eight years for
R&D for some vehicles due to the phase-in schedule. We expect alarge R& D effort involving
extensive systems optimization to find the most cost effective mix of technologies for particular

' Even though the NLEV program ends in the Tier 2 time frame, we have not included the NLEV program
inour Tier 2 analysis, since we have analyzed and adopted NLEV previously.

V-1



Tier 2/Sulfur Draft Regulatory Impact Analysis - April 1999

vehicle lines.

Nevertheless, we believe that the projections presented here provide a cost estimate
representative of the different approaches manufacturers may ultimately take. Clearly, there are
key technol ogies that manufacturers will likely use to meet the standards in most cases. We
expect Tier 2 standards would be met through refinements of current emissions control
components and systems rather than through the widespread use of new technologies. Current
LDV and LDT certification levels also suggest this approach makes sense. We have made a best
estimate of the combination of technologies that any manufacturer might use to meet the
proposed standards at an acceptable cost and these technol ogies form the basis of the cost
estimates. Since California, intheir LEVII program, has adopted essentially the same standards
and time-line that EPA is proposing, we used California’s technology and cost analyses as a
source of information.? We also had several conversations with equipment and vehicle
manufacturers whose input we also used for these analyses. Most manufacturer input is
considered confidential business information and therefore is not described in detail.

We have not specifically analyzed smaller incremental changes in technologies which
might occur due to interim standards between the baseline and the Tier 2 standards. For LDVs
and LDT1s, the interim standards are a continuation of NLEV and therefore are equivalent to the
baseline standards. For LDT2s, given the state of technology on current vehicles, we expect
only minor changes in response to the interim standards. Many engine families are already
certified at levels meeting the interim standards. In addition, broad averaging would be available
which manufacturers could use in the early years of the phase-in when significant numbers of
LDVsand LDT1sare aso in the averaging program for the interim standards.

In 2006, when LDT2s may make up the large majority of vehicles remaining in the
interim program manufacturers could use credits from model years 2004/2005 to comply with
the interim standards. If thisis not an option, we expect manufacturers could make a few minor
maodifications which would result in needed reductions. Most likely, the standards could be met
through calibration changes which entail changes to software. These changes would not involve
hardware or tooling changes. The R& D costs associated with these changes are already included
in the relatively large R& D costs included for the program as awhole. In addition there are
likely to be incremental improvements in the standard catalyst system for these vehicles due to
progress made by catalyst manufacturers. These incremental improvements in washcoat
technology are part of the normal progression of technology and would not likely result in an
increase in the catalyst cost due to the competitiveness of the catalyst industry.

For LDT3sand LDT4s, thereisaphasein to an interim fleet average NOx standard of
0.20 g/mile with an accompanying NMHC average of 0.156 g/mile. Vehicles have their
emissions capped at 0.60 g/mile NOx and 0.23 g/mile NMHC. Most engine families currently
meet the caps. EPA expects that manufacturers could apply calibration changes and incremental
catalyst improvements, as noted above for LDT2s, where necessary to ensure compliance with
the caps. In addition, much of the R& D will have already taken place due to the California
program which includes the same standards (MDV 2 standards) for pre-2004 model year LDT3s.
We do not expect these changes to result in increases to the cost of the program.
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For the interim fleet average NOx standard, (average standard of 0.2 g/mile NOx with a
NMHC standard of 0.156 g/mile), the approaches noted above may not be adequate in some
cases. For vehicles well above the standard, manufacturers could redesign the vehicles to meet
the interim standards. However, we believe it is more likely that manufacturers would phase
these vehicles into the interim standards | ater in the phase-in period and use the program
averaging flexibility to meet the interim standard. Therefore, rather than project a cost for
vehicles to meet the interim standards, we have projected sales of Tier 2 vehicles prior to 2008 to
average with and off-set those exceeding the interim standards. We believe this approach is
reasonable considering manufacturers are likely to avoid significant R& D efforts to meet a
standard that isin effect for only afew model years. Essentially, afew such vehicle models
would have to be immediately redesigned to meet Tier 2 levels. Due to timing considerations,
manufacturers are more likely to focus their resources on meeting the Tier 2 standards.

Vehicle phase-in estimates are needed to project annual aggregate costs during the phase-
in period. For both phase-in periods (for LDVs, LDT1s, LDT2s, and for LDT3s, LDT4s), EPA
has modeled that manufacturers will start the phase-in of Tier 2 standards with lighter vehicles
and work their way to heavier vehicles until all vehicles up through LDT4s meet the Tier 2
standard in 2009. The phase-in projections described in further detail in section A.3., below.

Costs to the manufacturer are broken into variable costs (for hardware and assembly
time) and fixed costs (for R&D, retooling, and certification). EPA projected costs separately for
LDVs, the different LDT classes, and for different engine sizes (4, 6, 8-cylinder) within each
class. Cost estimates based on the projected technology packages represent expected
incremental variable and fixed costs for vehicles in the near-term, or during the first years of
implementation.. For the long term, we have identified factors that would cause cost impacts to
decrease over time. The analysis incorporates the expectation that manufacturers and suppliers
will apply ongoing research and manufacturing innovation to making emission controls more
effective and less costly over time. Also, we project that fixed costs would be recovered over the
first five years of production, after which these costs would be recovered. These factors are
discussed in further detail below.

b. Hardwar e Costs for Exhaust Emissions Control

The following section briefly describes each of the technologies EPA hasincluded in the
cost analysis and their costs incremental to the baseline use of the technology. TablesV-1
through V-5 at the end of this section provide the complete detailed projection of hardware
changes and costs for each vehicle and engine type. A breakdown of the hardware costs for the
evaporative system follow in section A.1.c. The Technological Feasibility portion of this RIA
provides further detail on the technologies included in the cost analysis, as well as others that are
lesslikely to be used to meet Tier 2 standards. The costs presented in this section are near-term
costs, during the first few years of production. Long-term hardware costs are discussed in a
following section.

Manufacturers are likely to use a systems approach to meeting the Tier 2 standards and
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much of the effort will be in optimizing how the various components and subsystems (engine,
catalyst, fuel system, etc.) interact to achieve peak emissions performance. Some of these items
areincluded as part of the technology discussions below. However, there are no hardware costs
associated with these changes. The costs of optimization and calibration are part of a significant
R&D effort EPA anticipates will be necessary to meet the Tier 2 standards.

i Catalytic Converter System

The catalytic converter system is central to meeting current standards and improvements
to the systems will be critical in meeting Tier 2 emissions standards. EPA projectsthat all Tier 2
LDVsand LDTswill be equipped with advanced catalysts. Catalyst manufacturers are currently
working with engine manufacturers on new catalyst systems. To determine the cost increases
due to improved catalyst systems, we first analyzed current Tier 1 and NLEV systemsfor the
baseline and then projected what changes may be necessary to meet Tier 2 standards.

EPA first determined an average catalyst system for the baseline vehicles. Catalyst
systems vary in size and configuration due to factors such as engine size and emissions levels,
vehicle packaging constraints, cost, and manufacturer preference. Catalyst systemstypically
consist of single or dual units (main or underfloor catalysts) and may also include one or two
smaller catalysts placed close to the engine (close coupled). For the baseline, we examined the
total volume, precious metal loading, and architecture of the main, or underfloor catalyststo
derive an average baseline catalyst for the various vehicle types and engine sizes. We also noted
whether or not vehicles were also equipped with additional close coupled catalysts.

After establishing baseline catalyst systems, we then projected changes to the catalyst
system for the Tier 2 analysis. In general, manufacturers could meet the standards by using very
large catalysts with relatively high precious metal loading. Many of the test programs that have
been conducted to demonstrate the feasibility of very low standards have featured vehicles with
such catalyst systems. However, based on uniform input from catalyst manufacturers, thisis not
the approach we expect manufacturersto take in meeting the Tier 2 standards. Catalyst
manufacturers anticipate that improvements to the catalyst systems design, structure, and
formulation will also play acritical role in reducing emissions. These improvements are aimed
at decreasing emissions while minimizing the increase in catalyst volume and precious metal
loading. Manufacturers are working on these catalyst systems today.

We do expect some increase in average catalyst size (volume) and precious metal
loading. We believethat it is reasonable to expect catalyst systems to be sized such that the
underfloor catalyst volume will be equal to engine displacement and that loading will increase by
about 10 percent. Perhaps of equal importance will be the R& D efforts on the vehicle
manufacturers part to optimize engine performance and control systems so that the catalyst can
function at peak efficiency. Additional information on catalyst test programs and catalyst
changesisavailable in the Technical Feasibility Section of thisRIA.

For the main or underfloor catalysts, EPA projects that improvements to the catalyst
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architecture and formulation will increase catalyst costs by $2.44 to $6.59, depending on the
vehicle and engine type. These improvements include double layer washcoats and increasing the
cell density of the catalyst substrate to 600 cells per inch (cpi). We estimate that increasesin the
catalyst volume and precious metal loading will account for the largest portion of the catalyst
cost increase due to the high cost of precious metals. We anticipate the change in catalyst
volume to cost between $10.00 and $55.00 per vehicle. We derived the increased volume cost
by taking the baseline cost of the catalyst per liter ($50/liter) and multiplying by the increase in
catalyst volume. Larger catalyst volume increases are projected for 6-cylinder enginesin LDT
applications than for 8-cylinder engines due to relatively low baseline catalyst volumes for 6-
cylinder engines. We projected an increase in precious metal loading, in addition to the
increased volume, at atotal cost of between $1.84 and $11.26 per vehicle. The details of the
underfloor catalyst cost estimates are provided in Table V-1.
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TableV-1. Main or Underfloor Catalyst Cost Breakdown

Sales wtd. Projected Projected Increased Increased Increased Increased Added Added Added
Engine Baseline Cat. Tier 2 Cat. Volume Platinum Palladium Rhodium (b) Pt cost Pd cost Rh cost (b)

Vehicle Engine |Displacement Volume Volume Cost (a) (Pt) (Pd) (Rh) (dollars) (dollars) (dollars)

Type Type (liter) (liter) (liter) (dollars) (grams) (grams) (grams)

LDV 4-cylinder 2.0 1.8 20 10.00 0.000 0.000 0.085 0 0 1.84
6-cylinder 3.2 2.8 3.2 20.00 0.000 0.000 0.138 0 0 2.95
8-cylinder 45 4.0 45 25.00 0.000 0.000 0.194 0 0 4.14

LDT 4-cylinder 2.3 2.3 2.3 0.00 0.000 0.000 0.097 0 0 2.10
6-cylinder 3.7 2.6 3.7 55.00 0.035 0.540 0.157 0.43 5.17 3.41
8-cylinder 5.4 4.7 5.4 35.00 0.082 0.550 0.229 1.01 5.28 4.97
Precious Metal Costs

$/troy ounce $/gram
Pt 384 12.35
Pd 300 9.64
Rh 675 21.70

(a) Catalyst cost is $50/liter. Increased catalyst volume costs are the increase in catalyst volume multiplied by $50/liter.
(b) Increase in Rh of 1.2 g/cu ft




Chapter V: Economic Impact

Close coupled catalysts are typically small relative to the main catalysts, under one-half
liter in volume. Their small sizeis due to packaging constraints associated with their location
close to the engine and their purpose, to warm-up quickly and reduce cold-start emissions. They
also typically have relatively high precious metal loading. Due to these factors, EPA is not
projecting changes to the close coupled catalysts, only changesin their usage. For NLEV
vehicles (LDV, LDT1 and LDT2), the percentage of baseline vehicles equipped with close
coupled catalystsis high, between 60 and 100 percent, depending on the vehicle and engine type.
We believe that the use of close coupled catalysts has likely peaked in these classes and we have
not projected increasesin usage for Tier 2. For LDT3sand LDT4s, the use of close coupled
catalystsis currently low relative to the other classes. For Tier 2 LDT3sand LDT4s, we have
projected the use of close coupled catalyststo increase to be equivalent to the other vehicle
categories. The cost of dual close coupled catalysts are projected to be between $90 and $110,
for six and eight liter engines, respectively.

ii. Improved Fuel Control and Delivery

Precise fuel metering is critical to keeping the catalyst at peak operating efficiency.
Much of the effort for improved fuel control isin calibration and system optimization. For some
vehicles, EPA has included costs for hardware changes including improved exhaust gas oxygen
sensors and air-assisted fuel injection. There are two types of improved oxygen sensors that
EPA believes will be used increasingly for Tier 2 vehicles, universal exhaust gas oxygen sensors
(UEGO) and fast light-off or planar sensors. UEGO sensors are the most expensive type of
sensor and offer the most precise fuel control. However, only some manufacturers believe the
additional control isworth their higher incremental cost of 10 dollars. We believe more
manufacturers will opt for planar sensors, which offer akey advantage of quick warm-up,
allowing for precise fuel control sooner during cold starts. Many baseline vehicles also will
likely be equipped with planar sensors. The incremental cost of planar sensors is estimated to be
four dollars per sensor. We expect that the improved sensors would be used only before the
catalyst in the exhaust system for fuel control, with conventional heated exhaust gas oxygen
sensors used post catalyst for catalyst monitoring and additional fuel control.

Air assisted fuel injection is used to provide a better air fuel mixture to the engine, which
can be especially critical during engine warm-up. The technology can offer other advantagesin
terms of engine performance which also makesit an attractive technology. For air assisted fuel
injection, the injectors must be redesigned to include a new adapter. We have projected that 50
percent of Tier 2 vehicles will be equipped with air assisted fuel injection at acost of two
dollars for each improved injector.

As indicated above, much of the improvementsin fuel control are likely to be
accomplished through system calibration. As such, they include software upgrade costs, rather
than hardware costs. EPA hasincluded such costsin the R&D cost. These improvements may
include individual cylinder fuel control and adaptive learning.
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iii. Secondary Air Injection

Manufacturers sometimes use arich air/fuel mix during cold start to improve engine
performance and driveability. Secondary injection of air into exhaust ports after cold start when
the engine is operating rich can be used to promote combustion of unburned HC and CO which
results from the rich air/fuel mix. Air injection can also be used in conjunction with spark retard
to provide additional heat to the catalyst for quicker catalyst warm-up. EPA projects increased
use of electric air injection strategies for Tier 2 vehicles equipped with 6- and 8- cylinder
engines. The air injection systems consist of an electric air pump with integrated filter and relay,
wiring, an air shut-off valve with integrated solenoid, a check valve, tubing, and brackets. We
estimate the system cost to be 50 and 65 dollars for six- and eight- cylinder engines, respectively.

iv. Exhaust System | mprovements

Manufacturers can insulate the exhaust system so the exhaust heat does not escape, but is
instead maintained within the system to promote catalyst warm-up. Improved materials include
laminated thin-walled exhaust pipes and double walled low thermal capacity manifolds (the two
walls have asmall air gap between them that acts as an insulator). EPA estimates that improved
exhaust pipe costs one dollar per foot, with total system costs of between one and six dollars,
depending on engine size. Low thermal capacity manifolds are estimated to cost 20 to 40 dollars
depending on engine size. Dueto the relatively high cost of these improvements, we have
projected manufacturers would use them only on LDTs, where it may be more difficult to meet
the Tier 2 standards. In some cases, manufacturers may be able to use exhaust system
improvementsin lieu of adding close-coupled catalysts.

In addition, exhaust systems can be made |eak-free which improves fuel control and
catalyst efficiency. Asnoted in the previous section, precise fuel control is critical to catalyst
performance and the oxygen sensor is akey element of fuel control. Air leaking into the exhaust
system can influence the oxygen sensor causing an improper fuel adjustment. Also, additional
air in the exhaust stream can lead to an oxidizing environment in the catalyst, diminishing the
catalyst’s ability to reduce NOx. Leak-free systemsinclude corrosion-free flexible couplings,
corrosion-free steel, and improved welding of catalyst assemblies. We estimate that many
baseline vehicles and all Tier 2 vehicles will be equipped with |eak-free exhaust systems at an
incremental cost of 10 to 20 dollars depending on engine size.

V. Engine Combustion Chamber Improvements

Manufacturers may make a number of improvements to their engines asthey are
redesigned, including adding a second spark plug to each cylinder, adding a swirl control valve
to improve mixing of air and fuel, or other changes needed to improve cold start combustion.
Engine changes are not likely to be uniform throughout the industry. EPA believes that
significant engine improvements for LDV's, LDT1sand LDT2s are likely to have been made as
part of the effort to meet NLEV standards. The Tier 2 standards are not likely to drive a second

V-8



Chapter V: Economic Impact

set of magjor changes to these engines. Therefore, EPA has not included an engine modification
cost for these vehicles. For LDT3s and LDT4s, which would be changing from Tier 1 to Tier 2
technology, we have included a hardware cost for engine modifications of $10 and $15 for six
and eight cylinder engines, respectively.

Vi. Exhaust Gas Recirculation (EGR)

One of the most effective means of reducing engine-out NOx emissions is exhaust gas
recirculation. By recirculating spent exhaust gases into the combustion chamber, the overall air-
fuel mixtureis diluted, lowering peak combustion temperatures and reducing NOx. Many EGR
systems in today’ s vehicles utilize a control valve that requires vacuum from the intake manifold
to regulate EGR flow. Some vehicles are being equipped with electronic EGR in place of
mechanical back-pressure designs. By using electronic solenoids to open and close the EGR
valve, the flow of EGR can be more precisely controlled. EPA projects that the use of full
electronic EGR systemswill increase due to Tier 2 standards. We estimate that about 50 percent
of Tier 2LDVsand LDTswill be equipped with electronic EGR at an incremental cost of ten
dollars per vehicle.

Vii. Total Hardware Costs for Exhaust Emissions Control

Table V-3 provides a summary of the total hardware costs for each vehicle and engine
type. TablesV-3through V-7 present detailed estimated manufacturer costs itemized for each
vehicle and engine type. Thetablesindicate EPA’s estimate of the percentage of use of the
technologies for both the baseline and the Tier 2 vehicles. Some of the technologies listed, such
asindividual cylinder fuel control and retarded spark timing, involve calibration changes only
and have no hardware costs associated with them.

TableV-2. Total Estimated Per Vehicle Manufacturer
Incremental Hardwar e Costs for the Tier 2 Standards

LDV LDT1 LDT2 LDT3 LDT4
$) $) $) $) $)
4-cylinder 23.78 15.15 15.15 N/A N/A
6-cylinder 62.85 85.45 94.97 235.32 N/A
8-cylinder 71.63 N/A 80.98 194.45 194.45
sales weighted 42.85 39.13 89.78 198.58 194.45
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TableV-3. Estimated Incremental Manufacturer Hardware Cost for Tier 2 LDV Compared to NLEV LDV

4-Cylinder (53%)

6-Cylinder (39%)

8-Cylinder (8%)

Tech. % of NLEV | % Tier 2 Inc. cost Tech. % of NLEV  |% Tier 2 Inc. cost Tech. % of NLEV  |% Tier 2 Inc. cost
cost est. vehs. that that will over Tierl [cost est. vehs. that that will over Tier1l Jcost est. vehs. that that will over Tier 1

Emission Control Technology (in dollars)  Juse tech. reg. tech. (in dollars)  J(in dollars)  Juse tech. req. tech. (in dollars)  |(in dollars)  Juse tech. req. tech. (in dollars)

Universal Exhaust Gas Oxygen Sensor (UEGO) 10.00 0 15 1.50 20.00 0 15 3.00 20.00 0 15 3.00
Air-assisted fuel injection (a) 8.00 50 50 0.00 12.00 50 50 0.00 16.00 50 50 0.00
Individual cylinder fuel control (b) 0.00 0 10 0.00 0.00 10 10 0.00 0.00 10 10 0.00
Retarded spark timing at start-up (b) 0.00 100 100 0.00 0.00 100 100 0.00 0.00 100 100 0.00
Improved precision fuel control (c) 0.00 100 100 0.00 0.00 100 100 0.00 0.00 100 100 0.00
Faster microprocessor 3.00] 0 100 3.00 3.00 0 100 3.00 3.00] 0 100 3.00
Fast light-off exhaust gas oxygen sensor (planar) 4.00 100 100 0.00 8.00 100 100 0.00 8.00 100 100 0.00
Heat optimized exhaust pipe (d) 0 0 0.00 0 0 0.00 0 0 0.00
Leak-free exhaust system (e) 10.00 100 100 0.00] 20.00 100 100 0.00] 20.00 100 100 0.00
Engine modifications (f) 0.00 0 0 0.00 10.00 100 100 0.00 15.00 100 100 0.00
Full electronic EGR 10.00, 0] 50 5.00 10.00 0 50 5.00 10.00, 0 50 5.00
Close-coupled catalyst 55.00 60 60 0.00 55.00 0 0 0.00 55.00 0 0 0.00
Underbody or main catalyst 80.00 70 70 0.00] 80.00 100 100 0.00] 80.00 60 60 0.00
Dual close-coupled catalyst 0 0 0.00 90.00 100 100 0.00 110.00| 80| 80| 0.00
Dual underbody or main catalyst 0 0 0.00 160.00 0 0 0.00 160.00 40| 40| 0.00
Increased catalyst volume 10.00 0 100 10.00 20.00 0 100 20.00 25.00 100 25.00
Increased catalyst loading (Rh) 1.84 0 100 1.84 2.95 0 100 2.95 4.14 0 100 4.14
Improved double layer washcoat + 600 cpsi cell density 244 0 100 2.44 3.90 0 100 3.90 5.49 0 100 5.49
Secondary air injection (g) 50.00 0 0 0.00 50.00 0 50| 25.00 65.00 10 50| 26.00
Total Incremental Cost 23.78 62.85| 71.63

(a) Air assisted fuel injection requires minor redesign of the idle air control valve at no additional cost and addition of an adapter to each injector at a cost of $2 each.

(b) Improved precision fuel control envisioned here and retarded spark-timing at start-up constitute software changes only, at no additional hardware cost.

(c) Improved precision fuel control constitute software changes only, at no additional hardware cost.

(d) Length of heat optimized exhaust pipe required is estimated to be one foot for 4-cylinder engines, four feet for 6-cylinder engines, and six feet for eight-cylinder engines, at a cost of $1 per foot incremental.

(e) Leak-free exhaust system includes corrosion free flexible coupling, plus improved welding of catalyst assemblies.

(f) Types of engine modifications may be less uniform throughout the industry and may include items such as an additional spark plug per cylinder, addition of a swirl control valve or other hardware needed to

achieve cold combustion stability, improved fuel economy

(9) Cost of air injection includes an electric air pump with integrated filter and relay, wiring, air-shut-off valve with integral solenoid, check valve, tubing and brackets.
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TableV-4. Estimated Incremental Manufacturer Hardware Cost for Tier 2LDT1 Compared toNLEV LDT1

4-Cylinder (65.9%) 6-Cylinder (34.1%)
Tech. % of NLEV  |% Tier 2 Inc. cost Tech. % of NLEV  |% Tier 2 Inc. cost
cost est. vehs. that that will over Tier 1 |cost est. vehs. that that will over Tier 1

Emission Control Technology (in dollars)  Juse tech. reg. tech. (in dollars)  J(in dollars) Juse tech. req. tech. (in dollars)

Universal Exhaust Gas Oxygen Sensor (UEGO) 10.00 0 15 1.50 20.00| 0 15 3.00]
Air-assisted fuel injection (a) 8.00 50 50 0.00) 12.00 50 50 0.00
Individual cylinder fuel control (b) 0.00 10 10 0.00] 0.00] 10 10 0.00
Retarded spark timing at start-up (b) 0.00] 100 100 0.00 0.00] 100 100 0.00]
Improved precision fuel control (c) 0.00 100 100 0.00 0.00 100 100 0.00
Faster microprocessor 3.00] 0 100 3.00 3.00] 0| 100 3.00
Fast light-off exhaust gas oxygen sensor (planar) 4.00] 100 100 0.00 8.00 100 100 0.00
Heat optimized exhaust pipe (d) 1.00] 0 100 1.00] 4.00| 0 100 4.00
Leak-free exhaust system (e) 10.00 100 100 0.00 20.00 100 100 0.00
Engine modifications (f) 0.00 0 0 0.00] 10.00| 100 100 0.00
Full electronic EGR 10.00 0| 50 5.00 10.00| 0| 50 5.00
Close-coupled catalyst 55.00 60 60 0.00 55.00 0 0 0.00
Underbody or main catalyst 80.00 70 70| 0.00] 80.00 100 100 0.00
Dual close-coupled catalyst 0.00 0 0 0.00] 90.00| 100 100 0.00
Dual underbody or main catalyst 0.00 0 0 0.00] 160.00 0 0 0.00
Increased catalyst volume 0.00 100 100 0.00 55.00 0 100 55.00
Increased catalyst loading 1.84 0 100 1.84] 2.95 0 100 2.95
Improved double layer washcoat + 600 cpsi cell density 2.81 0 100 2.81] 4.52 0 0 0.00
Secondary air injection (g) 50.00 50| 50 0.00] 50.00 50| 75 12.50
Total Incremental Cost 15.15] 85.45

(a) Air assisted fuel injection requires minor redesign of the idle air control valve at no additional cost and addition of an adapter to each injector at a cost of $2 each.

(b) Improved precision fuel control envisioned here and retarded spark-timing at start-up constitute software changes only, at no additional hardware cost.

(c) Improved precision fuel control constitute software changes only, at no additional hardware cost.

(d) Length of heat optimized exhaust pipe required is estimated to be one foot for 4-cylinder engines, four feet for 6-cylinder engines, and six feet for eight-cylinder engines, at a cost of $1 per foot incremental.
(e) Leak-free exhaust system includes corrosion free flexible coupling, plus improved welding of catalyst assemblies.

(f) Types of engine modifications may be less uniform throughout the industry and may include items such as an additional spark plug per cylinder, addition of a swirl control valve or other hardware needed to
achieve cold combustion stability, improved fuel economy

(g) Cost of air injection includes an electric air pump with integrated filter and relay, wiring, air-shut-off valve with integral solenoid, check valve, tubing and brackets.
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TableV-5. Estimated Incremental Manufacturer Hardware Cost for Tier 2LDT2 Compared toNLEV LDT2

4-Cylinder (2.3%)

6-Cylinder (73.7%)

8-Cylinder (24%)

Tech. % of NLEV  |% Tier 2 Inc. cost Tech. % of NLEV  |% Tier 2 Inc. cost Tech. % of NLEV | % Tier 2 Inc. cost
cost est. vehs. that that will over Tier1 |Jcost est. vehs. that that will over Tier1 |Jcost est. vehs. that that will over Tier 1

Emission Control Technology (in dollars)  Juse tech. req. tech. (in dollars)  J(in dollars) Juse tech. reg. tech. (in dollars)  J(in dollars) Juse tech. reg. tech. (in dollars)

Universal Exhaust Gas Oxygen Sensor (UEGO) 10.00 0 15 1.50 20.00 0 15 3.00 20.00 0 15 3.00
Air-assisted fuel injection (a) 8.00 50 50 0.00 12.00 50 50 0.00 16.00 50 50 0.00
Individual cylinder fuel control (b) 0.00 10 10 0.00 0.00 10 10 0.00 0.00 10 10 0.00
Retarded spark timing at start-up (b) 0.00 100 100 0.00) 0.00) 100 100 0.00) 0.00) 100 100 0.00,
Improved precision fuel control (c) 0.00 100 100 0.00 0.00 100 100 0.00 0.00 100 100 0.00
Faster microprocessor 3.00 0 100 3.00 3.00 0 100 3.00 3.00 100 100 0.00
Fast light-off exhaust gas oxygen sensor (planar) 4.00 100 100 0.00 8.00 100 100 0.00 8.00 100 100 0.00
Heat optimized exhaust pipe (d) 1.00 0 100 1.00, 4.00 0 100 4.00 6.00 0 100 6.00
Low thermal capacity manifold 20.00| 25 50 5.00 40.00 25 50 10.00, 40.00 25 50 10.00
Leak-free exhaust system (e) 10.00 100 100 0.00 20.00 100 100 0.00 20.00 100 100 0.00
Engine modifications (f) 0.00 0 0 0.00 10.00 100 100 0.00 15.00 100 100 0.00
Full electronic EGR 10.00 50 50 0.00] 10.00 50 50 0.00 10.00 50 50 0.00
Close-coupled catalyst 55.00 60 60 0.00) 55.00 0 0 0.00, 55.00 0 0 0.00,
Underbody or main catalyst 80.00 70 70 0.00 80.00 100 100 0.00 80.00 60 60 0.00
Dual close-coupled catalyst 0 0 0.00 90.00, 100 100 0.00 110.00 80 80| 0.00
Dual underbody or main catalyst 0 0 0.00 160.00 0 0 0.00, 160.00 40 40| 0.00)
Increased catalyst volume 0.00 0 0 0.00 55.00, 0 100 55.00 35.00 0 100 35.00,
Increased catalyst loading (Pt) 0.00) 0 0 0.00) 4.32 0 0 0.00) 10.13 0 0 0.00)
Increased catalyst loading (Pd) 0.00 0 0 0.00 51.67 0 0 0.00 52.83 0 0 0.00
Increased catalyst loading (Rh) 1.84 0 100 1.84 2.95 0 100 2.95 4.14 0 100 4.14
Improved double layer washcoat + 600 cpsi cell density 2.81 0 100 281 4.52 0 100 4.52 6.59 0 100 6.59
Secondary air injection (g) 50.00| 0 0 0.00 50.00| 50 75| 12.50 65.00 50| 75| 16.25
Total Incremental Cost 15.15] 94.97| 80.98]

(a) Air assisted fuel injection requires minor redesign of the idle air control valve at no additional cost and addition of an adapter to each injector at a cost of $2 each.

(b) Improved precision fuel control envisioned here and retarded spark-timing at start-up constitute software changes only, at no additional hardware cost.

(c) Improved precision fuel control constitute software changes only, at no additional hardware cost.

(d) Length of heat optimized exhaust pipe required is estimated to be one foot for 4-cylinder engines, four feet for 6-cylinder engines, and six feet for eight-cylinder engines, at a cost of $1 per foot incremental.

(e) Leak-free exhaust system includes corrosion free flexible coupling, plus improved welding of catalyst assemblies.

(f) Types of engine modifications may be less uniform throughout the industry and may include items such as an additional spark plug per cylinder, addition of a swirl control valve or other hardware needed to

achieve cold combustion stability, improve fuel economy

(g) Cost of air injection includes an electric air pump with integrated filter and relay, wiring, air-shut-off valve with integral solenoid, check valve, tubing and brackets.
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TableV-6. Estimated Incremental Manufacturer Hardware Cost for Tier 2LDT3 Compared to Tier 1LDT3

6-Cylinder (10.1%) 8-Cylinder (89.9%)
Tech. % of Tier1 |% Tier 2 Inc. cost Tech. % of Tier1 |% Tier 2 Inc. cost
cost est. vehs. that that will over Tier 1 |cost est. vehs. that that will over Tier 1

Emission Control Technology (in dollars)  Juse tech. reg. tech. (in dollars)  J(in dollars) Juse tech. req. tech. (in dollars)

Universal Exhaust Gas Oxygen Sensor (UEGO) 20.00 0 15 3.00 20.00 0 15 3.00
Air-assisted fuel injection (a) 12.00] 0 50 6.00 16.00| 0 50 8.00
Individual cylinder fuel control (b) 0.00 0 10 0.00 0.00) 0 10 0.00
Retarded spark timing at start-up (b) 0.00, 25 100 0.00, 0.00) 25 100 0.00
Improved precision fuel control (c) 0.00, 50| 100 0.00, 0.00) 50 100 0.00,
Faster microprocessor 3.00 0 100 3.00 3.00 0 100 3.00
Fast light-off exhaust gas oxygen sensor (planar) 8.00 80| 100 1.60 8.00, 80 100 1.60
Heat optimized exhaust pipe (d) 4.00 0 100 4.00 6.00 0 100 6.00
Leak-free exhaust system (e) 20.00| 50 100 10.00 20.00| 50 100 10.00|
Low thermal capacity manifold 40.00 25 75 20.00 40.00, 25 100 30.00
Engine modifications (f) 10.00 0 100 10.00 15.00 0 100 15.00
Full electronic EGR 10.00| 0 50 5.00 10.00| 0 50 5.00
Close-coupled catalyst 55.00 0 0 0.00) 55.00 0 0 0.00
Underbody or main catalyst 80.00 100 100 0.00, 80.00 60 60 0.00)
Dual close-coupled catalyst 90.00 12 100 79.20 110.00 55 80 27.50
Dual underbody or main catalyst 160.00 0 0 0.00 160.00 40 40 0.00
Increased catalyst volume 55.00 0 100 55.00 35.00 0 100 35.00,
Increased catalyst loading (Pt) 0.43 0 100 0.43 1.01 0 100 1.01
Increased catalyst loading (Pd) 5.17 0 100 5.17 5.28 0 100 5.28
Increased catalyst loading (Rh) 3.40 0 100 3.40 4.97 0 100 4.97
Improved double layer washcoat + 600 cpsi cell density 4.52 0 100 4.52 6.59 0 100 6.59
Secondary air injection (g) 50.00 0 50| 25.00 65.00 0 50 32.50
Total Incremental Cost 235.32 194.45

(a) Air assisted fuel injection requires minor redesign of the idle air control valve at no additional cost and addition of an adapter to each injector at a cost of $2 each.

(b) Improved precision fuel control envisioned here and retarded spark-timing at start-up constitute software changes only, at no additional hardware cost.

(c) Improved precision fuel control constitute software changes only, at no additional hardware cost.

(d) Length of heat optimized exhaust pipe required is estimated to be one foot for 4-cylinder engines, four feet for 6-cylinder engines, and six feet for eight-cylinder engines, at a cost of $1 per foot incremental.
(e) Leak-free exhaust system includes corrosion free flexible coupling, plus improved welding of catalyst assemblies.

(f) Types of engine modifications may be less uniform throughout the industry and may include items such as an additional spark plug per cylinder, addition of a swirl control valve or other hardware needed to
achieve cold combustion stability, improved fuel economy V-13

(9) Cost of air injection includes an electric air pump with integrated filter and relay, wiring, air-shut-off valve with integral solenoid, check valve, tubing and brackets.
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TableV-7. Estimated Incremental Manufacturer Hardware Cost for Tier 2LDT4 Comparedto Tier 1LDT4

8-Cylinder (100%)
Tech. % of Tier 1 |% Tier 2 Inc. cost
cost est. vehs. that that will over Tier 1

Emission Control Technology (in dollars)  Juse tech. reg. tech. (in dollars)

Universal Exhaust Gas Oxygen Sensor (UEGO) 20.00 0 15 3.00
Air-assisted fuel injection (a) 16.00 0 50 8.00
Individual cylinder fuel control (b) 0.00 0 10 0.00
Retarded spark timing at start-up (b) 0.00 25 100 0.00
Improved precision fuel control (c) 0.00 50 100 0.00
Faster microprocessor 3.00 0 100 3.00
Fast light-off exhaust gas oxygen sensor (planar) 8.00 80 100 1.60
Heat optimized exhaust pipe (d) 6.00 0 100 6.00
Leak-free exhaust system (e) 20.00 50 100 10.00
Low thermal capacity manifold 40.00 25 100 30.00
Engine modifications (f) 15.00 0 100 15.00
Full electronic EGR 10.00 0 50 5.00
Close-coupled catalyst 55.00 0 0 0.00
Underbody or main catalyst 80.00 60 60 0.00
Dual close-coupled catalyst 110.00 55 80 27.50
Dual underbody or main catalyst 160.00 40 40 0.00
Increased catalyst volume 35.00 0 100 35.00
Increased catalyst loading (Pt) 1.01 0 100 1.01
Increased catalyst loading (Pd) 5.28 0 100 5.28
Increased catalyst loading (Rh) 4.97 0 100 4.97
Improved double layer washcoat + 600 cpsi cell density 6.59 0 100 6.59
Secondary air injection (g) 65.00 0 50 32.50
Total Incremental Cost 194.45

(a) Air assisted fuel injection requires minor redesign of the idle air control valve at no additional cost and addition of an adapter to each injector at a cost of $2 each.

(b) Improved precision fuel control envisioned here and retarded spark-timing at start-up constitute software changes only, at no additional hardware cost.

(c) Improved precision fuel control constitute software changes only, at no additional hardware cost.

(d) Length of heat optimized exhaust pipe required is estimated to be one foot for 4-cylinder engines, four feet for 6-cylinder engines, and six feet for eight-cylinder engines, at a cost of $1 per foot incremental.
(e) Leak-free exhaust system includes corrosion free flexible coupling, plus improved welding of catalyst assemblies.

(f) Types of engine modifications may be less uniform throughout the industry and may include items such as an additional spark plug per cylinder, addition of a swirl control valve or other hardware needed to
achieve cold combustion stability, improved fuel economy

(g) Cost of air injection includes an electric air pump with integrated filter and relay, wiring, air-shut-off valve with integral solenoid, check valve, tubing and brackets.
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C. Hardwar e Costsfor Evaporative Emissions Control

The standards proposed for evaporative emissions are technologically feasible now.
Many designs have been certified by awide variety of manufacturers that already meet these
standards. A review of the 1999 model year certification results indicates that the average
family is certified at dlightly less than 1.0 grams per test (gpt) on the three day diurnal plus hot
soak test, i.e. at less than half the current 2.0 gpt standard. Many families are certified at levels
considerably below 1.0 gpt, including afew families that are certified below 0.5 gpt.

The proposed standards will not require the devel opment of new materials or even the
new application of existing materials. Low permeability materials and low loss connections and
seals are already used to varying degrees on current vehicles. The standards will likely ensure
their consistent use and discourage switching to cheaper materials or designs to take advantage
of the large safety margins manufacturers have under current standards (*“ backsliding”).

Complex (and perhaps somewhat more expensive) approaches have been proposed which
involve pressurized fuel systems or fuel bladders. Such systems have not been implemented in
production, nor do we believe they are necessary for the standards we are proposing. We believe
manufacturers will follow more traditional pathsin reducing their evaporative emissions.

There are two traditional approaches to reducing evaporative emissions. Thefirst isto
minimize the potential for permeation and |eakage by reducing the number of hoses, fittings and
connections. However, some joints and connections are necessary for vehicle assembly and
service and no known joint has zero emissions.

The second traditional approach isto use less permeable hoses and |lower loss fittings
and connections. Low permeability hoses and seals as well as low loss fittings are currently
available. Fluoropolymer materials can be added as liners to hose and component materials to
yield large reductions in permeability over such conventional materials as monowall nylon. In
addition, fluoropolymer materials can greatly reduce the impact of alcohols on hydrocarbon
permeability of evaporative components, hoses and seals. Alcohols, present in about 10% of
gasoline sold in the U.S,, cause swelling of conventional materials which leads to increasesin
permeability and can also lead to tearing and leakage in situations where the materials are
constrained in place, such as with gaskets and O-rings. Due to the common presence of alcohols
such as ethanol in the gasoline pool and its adverse affect on materials and emissions durability,
we believe material upgrades such as those discussed above are necessary to ensure that the
benefits are captured in-use.

Steel fuel tanks and steel fuel lines have essentially zero losses due to permeation, but are
vulnerable to leakage at joints and interfaces. Manufacturers are moving toward plastic fuel
tanks for their lighter weight and greater ability to be molded to odd shapes. However, plastic
tanks are permeable and are al so susceptible to seepage and higher permeability at areas where
connections and welds are made. Materials and manufacturing techniques exist to reduce these
|osses.

V-15



Tier 2/Sulfur Draft Regulatory Impact Analysis - April 1999

To estimate the per vehicle cost of an improved evaporative system, we looked at the
incremental cost for an average current model year vehicle with a steel fuel tank (certified at ~
1.0 g) to go from a certification level of 1.0 grams per test to alevel of about 0.5 grams per test
on the three day test cycle. The emission levels of 1.0 and 0.5 gpt were chosen because 1.0
represents the current average certification level and 0.5 gpt represents a certification target that
leaves a compliance margin of about 100 percent between the certification level and the
applicable standard (0.95 gpt for our proposed LDV/LLDT standard). The reductions and costs
of the individual items are shown in Table V-8 below, and reflect the incremental cost of moving
to low permeability materials, improved designs or low loss connectors. The items in the chart
are ranked in order of decreasing cost effectiveness. Since the evaporative test procedure
measures evaporative emissions each day over athree day period and then uses the highest day,
gram per day numbersin the table are a reasonable proxy for grams per test data.

TableV-8. Potential Evaporative | mprovementsand Their Coststo Manufacturers?
(grams per day)

Emission Source Baseline | Improved | Change | Cost Cost
Vehicle Vehicle %) Effectiveness
Ranking

(@) (b) (a-b) (d) (d)/(a-b)
Fuel cap sedl 0.10 0.01 0.09 0.20 1
Fuel pump assembly sed 0.10 0.01 0.09 0.40 2
Fuel and vapor line 0.23 0.01 0.22 1.25 3
Fuel rail/manifold connectors 0.06 0.02 0.04 0.40 4
Canister improvements 0.12 0.04 0.08 1.00 5
Fill tube clamps 0.06 0.02 0.04 0.60 6
Fuel and vapor line connectors 0.18 0.06 0.12 2.20 7
Fill tubeffill neck connector 0.20 0.10 0.10 5.00 8
Allowance for non-fuel 0.20 0.20 0 | - | =
emissions

Table V-8 shows that a manufacturer can choose from a range of improvements, and
attain significant reductions in evaporative emissions. By selecting the first five items from the
table, the manufacturer can achieve areduction in evaporative emissions of about 0.5 g/day for a
total cost of about three dollars per vehicle. The cost-effectiveness of these five items taken
together is approximately $2400 per ton of VOCs removed. While these figures were based on a
passenger car, we believe it is reasonable to assume the same costs here for light duty trucks
since the same basic components are used on trucks and cars. Non fuel emissions may be higher

V-16



Chapter V: Economic Impact

for larger vehicles, but our proposed evaporative standard for HLDTs (1.2 gpt) is higher to
include alarger alowance for non-fuel losses.

Lastly, we note that most manufacturers are moving to “returnless’ injection systems,
and at least one major manufacturer’s current products are 100 percent returnless. Through more
precise fuel pumping and metering, these systems eliminate the return line in the fuel injection
system which carries unneeded fuel from the fuel injectors back to the fuel tank. Returned fuel
isasignificant source of fuel tank heat and vapor generation, and therefore of evaporative
emissions. The elimination of return lines reduces the total length of hose on the vehicle and
also reduces the number of fittings and connections which can leak. We believe that most
vehicles will move to returnless injection systems either before or in conjunction with the phase-
in of the Tier 2 standards.

Our analysisis conservative in that it did not include the impact of these returnless
systems. We believe that changing to a returnless injection system may provide a 0.15 g/day
evaporative emissions benefit. If the example vehicle described above were equipped with a
returnless injection system, then, we would expect evaporative emissions of about 0.85 gpt.
Such avehicle would require a smaller emission reduction (0.35 gpt) to hit the certification
target of 0.5 gpt.

Returnless vehicles have about one third less vapor and fuel line footage and
proportionately fewer connections and joints, accounting for most of the reduction attributable to
returnless systems. We would expect an emission improvement and cost about one third less
than those shown in the table above for fuel and vapor lines and fuel and vapor line connectors.
Because the emission improvement and cost change by the same fraction, we would not expect a
change in the cost effectiveness or ranking of these items. While the 0.15 gpt is aso due to small
reductionsin losses from all but the last item in the table above, we believe that, in the end, the
cost effectiveness of the proposed standards will not be significantly different for vehicles with
return or returnless systems.

d. Assembly Costs

Another variable cost manufacturers may incur are increases in vehicle assembly costs.
EPA has not estimated increased assembly costs for Tier 2 vehicles because the vast mgjority of
changesto the vehicles are likely to be improvements to existing emissions control systems.
Therefore, we believe that assembly cost increases are likely to be negligible. Assembly costs
for components would be incurred by the component supplier and included in the component
price estimates shown above.

e Development and Capital Costs

In addition to the hardware costs described in the previous section, vehicle manufacturers
would also incur developmental and capital costs due to the Tier 2 standards. These fixed costs
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include costs for reasearch and development (R& D), tooling, and certification, which
manufacturersincur prior to the production of the vehicles.

The Tier 2 standards would be phased-in over four model years beginning in 2004 for
LDVs, LDT1s, and LDT2s and atwo year period beginning in 2008 for LDT3sand LDT4s.
This approach would provide lead-time for R& D for the various vehicle lines to proceed
systematically. EPA estimates R&D costs of about $5 million per vehicle line (100,000
vehicles). R&D primarily includes engineering staff time and development vehicles. A large
part of the research effort will be evaluating and selecting the appropriate mix of emission
control components and optimizing those components into a system capable of meeting the Tier
2 standards. It aso includes engine modifications where necessary and air/fuel ratio calibration.
Manufacturers will take differing approaches in their research programs. We estimate that $5
million would cover about 25 engineering staff person years and about 20 devel opment
vehicles" We have estimated thislarge R&D effort because calibration and system optimization
islikely to be acritical part of the effort to meet Tier 2 standards. However, we believe that the
R&D costs are likely overstated because the projection ignores the carryover of knowledge from
thefirst vehicle lines designed to meet the standard to others phased-in later.

Tooling costs include facilities modifications necessary to produce and assemble
components and vehicles meeting the new standards. EPA has included tooling costs due to the
Tier 2 standards of approximately $2 million per vehicle line (100,000 vehicles). We believe
that thisis a reasonable estimate based on engineering judgement, after reviewing previous
estimates of tooling costs for emissions control components.*

EPA recently conducted a detailed cost analysis of its vehicle certification program as
part of the CAP 2000 rulemaking, which revised the certification program and is expected to
significantly reduced manufacturer certification costs.> For CAP 2000, EPA estimated a total
annual certification cost to the industry of between $40 and $65 million. Manufacturersincur a
large portion of these costs annually as part of certification and compliance and would incur
those costs without any change to the standards. However, EPA does allow manufacturers to
carry-over some data generated for certification when vehicles are not significantly changed
from one model year to the next. Thistest datais generated to demonstrate vehicle emissions
levels and emissions durability. Due to the new standards, such data would have to be generated
for the new Tier 2 vehicles, rather than carried over from previous model years. Therefore, we
believeit is appropriate to include the cost of generating new emissions test and durability data
as part of the cost analysisfor Tier 2. Based on the CAP 2000 rule, EPA estimates the cost of
this testing to be about $15 million industry-wide.

EPA estimated that the R& D costs would be incurred on average three years prior to
production and the tooling and certification costs would be incurred one year prior to production.
These fixed costs were then increased by seven percent for each year prior to the start of
production to reflect the time value of money. We estimated total R& D and tooling costs per

Y This estimate is based on staff cost of $60 per hour and devel opment vehicle cost of $100,000 per vehicle.
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vehicle class by multiplying the costs per vehicle line (100,000 vehicles) by sales estimates for
each vehicle class divided by 100,000 vehicles. Finally, for the cost analysis, the fixed costs
were recovered over thefirst five years of production at arate of seven percent.

EPA estimates the average per vehicle fixed costs to be between $19 and $22, as shown
in Table V-9. We derived the per vehicle fixed cost by dividing the total fixed cost per vehicle
class over the five year recovery period by the estimated total sales per vehicle class over the
same period. Differencesin fixed costs among vehicle classes occur because we have projected
aphase-in of Tier 2 LDVsand LDTs and changes in sales volumes over time for the vehicle
classes. The aggregate fixed costs, vehicle phase-ins, and sales projections are described in
section 3., below.

TableV-9. Per Vehicle Fixed Costs

LDV LDT1 LDT2 LDT3 LDT4
©) ® ©) ©) ®
R&D 16.10 14.23 14.08 14.34 15.48
Tooling 5.63 4.97 4.92 5.01 541
Certification 0.30 0.27 0.26 0.26 0.29
Total 22.03 19.47 19.26 19.61 21.18

f.

Total Near-term and L ong-term Manufacturer Costs

The previous section presented estimates of per vehicle variable and fixed costs to the
manufacturer for the first few model years of production. These near-term per vehicle costs are
shown in Table V-10. The costsin Table V-10 include the costs for the evaporative system.

TableV-10. Total Per Vehicle Manufacturer Costs- Near Term

LDV LDT1 LDT2 LDT3 LDT4
(%) $) $) %) $)
Variable 46.10 42.38 93.03 201.83 197.70
Fixed 22.03 19.47 19.26 19.61 21.18
Total 68.13 61.85 112.29 221.44 218.88

For the long-term, there are factors that EPA believes are likely to reduce the costs to

manufacturers. As noted above, we project fixed costs to be recovered by manufacturers during
thefirst five years of production, after which they would expire. For variable costs, research in
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the costs of manufacturing has consistently shown that as manufacturers gain experience in
production, they are able to apply innovations to simplify machining and assembly operations,
use lower cost materials, and reduce the number or complexity of component parts. These
effects are often described as the manufacturing learning curve.®

The learning curve is awell documented and accepted phenomenon dating back to the
1930s. The general concept is that unit costs decrease as cumulative production increases.
Learning curves are often characterized in terms of a progress ratio, where each doubling in
cumulative production leads to areduction in unit cost to a percentage "p" of its former value
(referred to asa"p cycle"). The organizational learning which brings about areduction in total
cost is caused by improvementsin several areas. Areasinvolving direct labor and material are
usually the source of the greatest savings. These include, but are not limited to, areduction in
the number or complexity of component parts, improved component production, improved
assembly speed and processes, reduced error rates, and improved manufacturing process. These
all result in higher overall production, less scrappage of materials and products, and better
overall quality.

Companies and industry sectors learn differently. In a 1984 publication, Dutton and
Thomas reviewed the progress ratios for 108 manufactured items from 22 separate field studies
representing a variety of products and services.” Asshown in Figure V-1, of the 108 progress
ratios observed, eight were less than 70 percent, 39 were in the range of 71 to 80 percent, 54
were in the range of 81 to 90 percent, and seven were above 90 percent. The average progress
ratio for the whole data set falls between 81 and 82 percent. The lowest progressratio of 55
percent shows the biggest improvement, representing a remarkable 45 percent reduction in costs
with every doubling of production volume. At the other extreme, except for one company that
saw increasing costs as production continued, every study showed cost savings of at least five
percent for every doubling of production volume. This data supports the commonly used p value
of 80 percent, i.e., each doubling of cumulative production reduces the former cost level by 20
percent. Aseach successive p cycle takes longer to complete, production proficiency generally
reaches arelatively stable plateau, beyond which increased production does not necessarily lead
to markedly decreased costs.
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Distribution of Progress Ratios
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FigureV-1. Distribution of Progress Ratios
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EPA applied ap value of 20 percent beginning in the third year of production in this
anaysis. That is, the variable costs were reduced by 20 percent for each doubling of cumulative
production. To avoid overly optimistic projections, we included several additional constraints.
Using one year as the base unit of production, the first doubling would occur at the start of the
third model year of production. To be conservative, we did not incorporate further cost
reductions due to the learning curve. We applied the learning curve reduction only once because
we anticipate that for the most part the Tier 2 standards would be met through improvements to
existing technologies rather than through the use of new technologies. With existing
technol ogies, there would be less opportunity for lowering production costs.

In addition, we did not apply the learning curve to the catalyst precious metal costs due to
the uncertainty of future precious metal prices. Although manufacturers may be able to reduce
the use of precious metals due to the learning curve, the future price of precious metalsis highly
uncertain. Any savings due to areduction in the amount of precious metals used for a catalyst
system could be overcome by increased precious metal unit costs. Finally, we did not apply the
learning curve to the evaporative system costs. Evaporative systems have been well developed
and the anticipated system improvements are available today and are likely to be employed by
manufacturers prior to 2004 on alarge number of vehicles.

Table V-11 presents EPA’ s estimates of long-term per vehicle manufacturer costs. As
noted above, we have projected cost reductions due to the learning curve to occur in the third
year of production and the fixed costs to expire for the sixth year of production. Dueto the
phase-in of standards, these cost reductions are not tied to particular model years. Asshownin
Table V-11, we project manufacturer costs to decrease by 21 to 40 percent for the long-term.
The percentage decrease in costs varies largely due to the variation in projected costs for
precious metals, which are not subject to the learning curve cost reduction factor. We have
projected a larger increase in the use of precious metalsfor LDT3sand LDT4sthan for LDVs.

TableV-11. Long-term Total Incremental Per Vehicle Manufacturer Costs

Production Year LDV LDT1 LDT2 LDT3 LDT4
©) ® ® ® ®
1% and 2" year 68.13 61.85 11229 | 22144 | 21888

3" year: learning curve applied | 61.95 56.82 101.17 192.97 190.36

6" year: fixed costs expire 39.92 37.36 81.91 173.36 169.18

2. Tier 2 Vehicle Consumer Costs
Costs to consumers consists of increases in vehicle purchase price and increases in

vehicle operating costs. EPA has not estimated an increase in vehicle operating costs due to the
Tier 2 standards. Manufacturers will most likely meet the standards through improvements to
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existing technologies. We do not anticipate that the improvements to technologies will affect
fuel economy or in-use maintenance. The costs of fuel quality improvements are provided in
section B, below.

For the up-front cost or purchase price increase, EPA anticipates that manufacturers
would pass along their incremental costs for Tier 2 vehicles, including a markup for overhead
and profit, to vehicle purchasers. Thus, we expect consumers would experience purchase price
increases based on the manufacturer costs discussed in section A.1. To account for manufacturer
overhead and profit, manufacturer incremental variable costs are multiplied be a Retail Price
Equivalent (RPE) factor. The RPE factor we used in this analysis, 1.26, is the same one EPA has
used in previous analyses for LDVsand LDTs. This methodology and the RPE mark-up factor
are based on contractor studies regarding hardware costs and RPEs.2® Table V-12 presents the
increases in vehicle costs to consumers EPA has estimated for Tier 2 vehicles. The costs shown
in Table V-12 include the costs of the evaporative system improvements, as well as the improved
exhaust emissions control system." We expect decreases in manufacturing costs over time,
described in section 1.f., above, to be passed along to consumersin the form of purchase price
decreases.

TableV-12. Incremental Per Vehicle Coststo Consumersfor Tier 2 Vehicles

Production Year LDV LDT1 LDT2 LDT3 LDT4
($) ($) ($) ($) ($)
1% and 2 year 80.12 72.88 13648 | 27392 | 270.28

3 year: learning curve applied | 72.34 66.55 122.47 238.05 234.35

6" year: fixed costs expired 50.31 47.08 103.21 218.44 213.17

3. Annual Total Nationwide Costsfor Tier 2 Vehicles
a. Overview of Nationwide Vehicle Costs

The above analyses developed incremental per vehicle manufacturer and consumer cost
estimates for each class of Tier 2 LDVsand LDTs. With datafor the current size and
characteristics of the vehicle fleet and projections for the future, we have translated these per
vehicle costs into estimated total annual costs to the nation for the Tier 2 standards. TableV-13
presents the results of thisanalysis. Asshownin Table V-13, EPA projected total cost starting at
$256 million in 2004 and peaking at $1,587 million in 2009 when the phase-in of the standardsis
complete. Per-vehicle costs savings over time reduce projected costs to a value of $1,346
million in 2014, after which the growth in vehicle population leads to increasing costs that reach

¥ EPA estimated costs to the manufacturer for evaporative system improvements to be $3.25. The RPE for
the evaporative system would 