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Preface

The task undertaken by this committee for the National Academies
was to review and evaluate the scientific and technical practices used by
states in setting emission standards for mobile sources, including those
for non-road engines and vehicles. The study assessed the scientific and
technical procedures used by states to develop or adopt emissions stan-
dards separate from those set by the Environmental Protection Agency
under the Clean Air Act as well as the factors that cause states to move to
more stringent emissions standards. The committee considered the scien-
tific, technical, and economic rationale and methodologies used by the
states in setting standards and how they compare to those used by the
EPA. In addition, the committee assessed the direct and indirect impacts
that state emissions standards have had on various factors, including
compliance costs, energy consumption, air quality, and human health.

The committee received oral and written presentations from the fol-
lowing individuals: Steve Albu, California Air Resources Board; Thomas
Austin, Sierra Research, Inc.; Robert Babik, General Motors Company;
William Becker, State and Territorial Air Pollution Program Administra-
tors and the Association of Local Air Pollution Control Officials;
Thomas Cackette, Air Resources Board; Coraliec Cooper, Northeast
States Coordinated Air Use Management; Greg Dana, Alliance of Auto-
mobile Manufacturers; David Dickinson, U.S. Environmental Protection
Agency; Karl Simon, U.S. Environmental Protection Agency; Chet
France, U.S. Environmental Protection Agency; Timothy French, Engine
Manufacturers Association; Dawn Gallagher, Maine Department of En-
vironmental Protection; John German, Honda Motor Company; Robert
Golledge, Massachusetts Department of Environmental Protection;

ix
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William Guerry, Outdoor Power Equipment Institute; Patricia Hanz,
Briggs & Stratton Corporation; Peter Hotz, Briggs & Stratton Corpora-
tion; Roland Hwang, Natural Resources Defense Council; Peter
Iwanowicz, American Lung Association of New York State, Inc.; Carl
Johnson, New York Department of Environmental Conservation; Robert
Jorgensen, Cummins Engine Company; Therese Langer, American
Council for an Energy-Efficiency Economy; Peter Lidiak, American
Petroleum Institute; Arthur Marin, Northeast States Coordinated Air Use
Management; Gina McCarthy, Connecticut Department of Environ-
mental Protection; George Miller, International Consortium for Fire
Safety, Health and the Environment; Frederick Postel, International Con-
sortium of Fire Safety, Health and the Environment; Thomas Snyder,
Maryland Department of Environmental Protection; Richard Valentinetti,
Vermont Department of Environmental Conservation; Barry Wallerstein,
South Coast Air Quality Management District; Michael Walsh, Inde-
pendent Consultant; Catherine Witherspoon, California Air Resources
Board; Merrylin Zaw-Mon, U.S. Environmental Protection Agency. The
committee thanks all of these individuals for their contributions. A com-
plete list of dates, titles and presenter names can be found in Appendix E.

The committee is also grateful for the assistance of the National
Research Council (NRC) staff in the preparation of this report. K. John
Holmes played a key role in preparing this report in his role as project
director. The committee also thanks Raymond Wassel, senior program
director of environmental sciences and engineering in the Board on Envi-
ronmental Studies and Toxicology (BEST), and the other staff members
contributing to this report: James Reisa, director of BEST; Ruth Cross-
grove, senior editor; Matthew Russell, associate staff officer; Mirsada
Karalic-Loncarevic and Bryan Shipley, research associates; Radiah Rose,
senior program assistant; Alexandra Stupple, senior editorial assistant;
and Rahel Menghasteb, Anderson intern.

As chair, I thank all the members of the committee for their exper-
tise and dedicated effort throughout the study.

Finally, given the topic of this report, it is appropriate to acknowl-
edge a major supporter of the NRC, Arnold Beckman. Few know of the
involvement of Arnold Beckman in the early efforts to reduce air pollu-
tion in California. In 1953, Arnold Beckman chaired a five-member com-
mittee formed by then Governor Knight to address a comprehensive pro-
gram needed to eliminate smog. One of the several short- and long-term
recommendations was to control automobile exhaust. Perhaps the follow-
ing best sums up the Beckman Committee’s concerns.
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Preface xi

The fact must be faced that cleaning the air in this area is a tremen-
dous task, one that many will find appallingly expensive. This
committee would be gravely remiss if it failed to point out that the
community must either assume the real hardships imposed by abate-
ment or accept those imposed by the continuing smog nuisance.'

NRC committees regularly use the Beckman Center, located on the
campus of the University of California, Irvine. This acknowledgment is
included in the Preface to our report to express the appreciation on behalf
of those who have made use of the Beckman Center and to recognize
Arnold Beckman’s pioneering leadership to reduce air pollution.

David Allen, Ph.D.

Chair, Committee on State
Practices in Setting Mobile
Source Emissions Standards

" Aplet, J.H., Meade, G. Mobile Source Emissions Regulations in California:
1960 to 1995, from Advances in Economics of Environmental Resources Vol. 2,
1997, Edited by Hall, J.V.
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Summary

Air pollutant emissions from mobile sources have been regulated
for almost half a century. During this time, the focus has largely been on
tightening emissions standards for on-road vehicles and engines, particu-
larly passenger cars and small trucks (light-duty vehicles). Light-duty-
vehicle emissions control grew out of research that implicated the in-
creasing use of vehicles in the deterioration of air quality conditions in
the 1950s in Southern California. Control of motor vehicle emissions
began in the early 1960s with the introduction of positive crankcase ven-
tilation, a simple approach consisting of a hose and valve that reduced
the venting of uncombusted gases to the atmosphere. From that simple
beginning, light-duty-vehicle emissions control evolved to today’s com-
plex regulation of fuel properties, exhaust emissions, and evaporative
emissions, which require the use of sophisticated engine and emissions-
control technologies. These strategies enabled per-mile-exhaust emis-
sions of new, properly operating light-duty vehicles to decrease by 95-
99% in 2004 compared with emissions of 1967 model-year vehicles.

The focus of mobile-source emissions control expanded to include
on-road heavy-duty engines and later nonroad engines. The broadening
in regulatory attention arose from the increasing fraction of mobile-
source emissions that come from sources other than light-duty vehicles
and the relative lack of emissions controls on these sources. On-road
heavy-duty-vehicle engines were first regulated for air pollutants in the
1970s, and engines used in off-road applications were first regulated in
the mid-1990s. Over the next decade, regulations already approved for
new sources will substantially reduce emissions from on-road diesel ve-
hicles, nonroad diesel engines, and gasoline-powered nonroad engines.
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The federal Clean Air Act (CAA) establishes the framework for
controlling mobile-source emissions in the United States. During the de-
velopment of the CAA in 1967, Congress recognized that the imposition
of many different state standards could result in inefficiencies in vehicle
markets. Therefore, state-established emissions standards were pre-
empted by federal emissions standards in what is now section 209 of the
CAA. A special exemption to this federal preemption was made in sec-
tion 209 for California because of the state’s special air quality problems
and pioneering efforts in the control of air pollutants. This exemption,
still in existence, gives the state of California the authority to set on-road
vehicle standards that differ from the federal standards as long as they
are as protective in the aggregate as federal standards. Later amendments
to section 209 granted California the authority to set emissions standards
and regulations for some nonroad engines, and section 177 was added to
allow other states to adopt California standards.

The National Research Council (NRC) convened the Committee on
State Practices in Setting Mobile Source Emissions Standards in re-
sponse to a request from Congress in its fiscal 2003 appropriations report
for the U.S. Environmental Protection Agency (EPA) to arrange for an
independent study of the practices and procedures by which states de-
velop separate emission standards. For this report, the committee was
asked to assess the scientific and technical procedures used by states to
develop or adopt different emissions standards and to compare those
policies and practices with those used by EPA. The committee was also
asked to consider the factors that caused states to move toward more
stringent emissions standards and to consider the impacts of state emis-
sions standards on various factors, including emissions, compliance
costs, energy consumption, air quality, and human health. As part of its
work plan, the committee was directed to consider the effects of Califor-
nia’s experience in setting separate emissions standards and the effects of
California’s standards on federal emissions standards. The full Statement
of Task for the committee is provided in Chapter 1.

CONCLUSIONS AND RECOMMENDATIONS
Role of New Mobile-Source Emissions Standards

Despite the substantial progress made over the past few decades in
reducing air pollutant emissions from many sources, including mobile
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sources, some locations continue to exceed National Ambient Air Qual-
ity Standards (NAAQS)." Further improvements in air quality will be
needed, particularly to attain the new ambient standards for fine particu-
late matter and ozone at concentrations averaged over 8 hours. Although
many emissionscontrol programs have been developed and regions with
air quality problems have implemented a variety of programs, stricter
new mobile-source emissions standards are an important component of
overall emissions-control plans for locations that need air quality im-
provements. Federal mobile-source emissions standards set by EPA en-
sure that all regions of the country have some emissions reductions and
that the mobility of these emissions sources does not undermine other air
quality initiatives. California emissions standards, which are set by the
California Air Resources Board (CARB), provide additional emissions
reductions for the state’s most populated and worst polluted regions, in-
cluding the Los Angeles area and San Joaquin Valley. In many cases,
CARB has tightened mobile-source emissions standards earlier and to a
greater extent than the federal government. Other states that seek mobile-
source emissions reductions from new-vehicle standards beyond those
provided by federal standards have adopted California standards to sup-
ply the additional benefits.

While this study was in progress, CARB adopted light-duty-vehicle
emissions standards for greenhouse gases. These standards have been
challenged in the courts. The committee did not develop findings and
recommendations specific to these standards because of their timing, the
uncertainty surrounding their standing, and the lack of comparable fed-
eral standards.

California’s Role In Mobile-Source Emissions Regulation

The CAA gives California the authority to set its own mobile-
source emissions standards. Over the history of mobile-source regulation
to date, California has usually led EPA in establishing emissions stan-
dards on light-duty vehicles and small nonroad gasoline engines, and

" NAAQS set maximum allowable ambient air concentrations for six so-
called “criteria” pollutants; the standards are to be protective of public health
(primary standards) and welfare (secondary standards). The six criteria pollut-
ants are carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter, and
sulfur dioxide.
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EPA has usually led California in establishing standards for on-road
heavy-duty diesel vehicles and off-road diesel engines. This shared lead-
ership promotes improvements in the efficiency of EPA’s and CARB’s
regulatory efforts and allows sharing of expertise.

The mobile-source emissions standards developed by CARB, like
those developed by EPA, have typically been “technology forcing.”” In
forcing technology development, California has been a laboratory for
emissions-control innovations. An advantage of having a state laboratory
for innovation is that the risk of failure to develop the required technolo-
gies is restricted to a limited geographic area. CARB’s regulatory proc-
ess is supportive of this laboratory role in that California’s standards can
be amended rapidly in the face of changing market and technological
conditions in contrast to EPA’s regulatory process.

The original reasons for which Congress authorized California to
have a separate set of standards remain valid. California still has some of
the worst air quality conditions in the country, and certain emission-
reduction needs are greater in California than in the rest of the country.
California has used its authority as Congress envisioned: to implement
more aggressive measures than the rest of the country and to serve as a
laboratory for technological innovation. These have resulted in suc-
cesses, such as CARB’s early recognition of the need to couple fuel
composition with emissions control, and failures, such as the promotion
of widespread use of electric vehicles under the original zero-emissions
vehicle mandate.

California’s authority to set its own mobile-source emissions stan-
dards inevitably imposes additional risks and costs, such as design, pro-
duction, and distribution costs, although the costs and benefits are diffi-
cult to quantify. However, experience to date indicates that the California
program has been beneficial overall for air quality by improving mobile-
source emissions control.

Recommendation

California should continue its pioneering role in setting mobile-
source emissions standards. The role will aid the state’s efforts to achieve

* “Technology forcing” refers to the establishment by a regulatory agency of
a requirement to achieve an emissions limit, within a specified time frame, that
can be reached through use of unspecified technology or technologies that have
not yet been developed for widespread commercial applications and have been
shown to be feasible on an experimental or pilot-demonstration basis.
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air quality goals and will allow it to continue to be a proving ground for
new emissions-control technologies that benefit California and the rest of
the nation.

EPA and CARB Technical and
Scientific Practices in Setting Standards

CARB and EPA have essentially the same starting point and moti-
vation for setting new or stricter standards: attainment of the NAAQS.
Each agency follows a series of procedural steps leading to a finalized
regulation. These steps include identification of the need for new emis-
sions standards, evaluation of potential control strategies, publication of
proposed regulations, and solicitation of public comments on proposals
before promulgating the regulations. Some differences exist in the scope
of CARB and EPA regulatory assessments as a result of the different
procedures that the agencies must follow.

Some important similarities in the practices of setting standards fol-
lowed by the two agencies are the following:

e CARB and EPA establish emissions standards based on as-
sessments of technological feasibility and estimated engineering costs.

e CARB and EPA periodically update their practices as emis-
sions estimation models and procedures continue to evolve and improve
over time.

. CARB and EPA study technical practices of industry and per-
form engineering and market cost analyses.

e CARB and EPA test new technologies in the laboratory, using
their own staffs, as well as outside contractors.

Some important differences in the practices of setting standards fol-
lowed by the two agencies are the following:

e  EPA’s rule-making practices are subject to federal require-
ments defined in multiple acts and executive orders. Because emissions-
standard regulations are typically deemed “significant,” the rule-making
process is overseen by the Office of Management and Budget. CARB’s
emission-standard rule-making is subject to state laws and to oversight

3 “Significant rules” are defined as those that have an annual impact of $100
million or greater, raise novel regulatory issues, or have other significant impacts.
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by the California Office of Administrative Law. As a result of the par-
ticular requirements, each agency’s rule making includes some special
components. For example, EPA is required to perform a cost-benefit
analysis in which it estimates the monetary benefits of improved air qual-
ity to public health. CARB in turn is required to perform various Califor-
nia-specific economic impact assessments, such as employment impacts
on in-state businesses.

e  (alifornia is required to submit state implementation plans
(SIPs) to EPA. In 1988, California passed its own California CAA,
which includes additional standards with which the state must comply.
The SIPs must describe the emissions reductions required to reach
NAAQS attainment. Within these individual SIPs, the air quality impacts
of California mobile-source emissions standards are assessed, although
not in isolation from other emissions-control strategies. In recent years,
EPA assessed the air quality impacts of its major mobile-source emis-
sions standards in regulatory impact assessments (RIAs), which accom-
pany all major federal regulations. The assessments estimate the air
quality impacts in some or all of the country for each proposed set of
standards in isolation from other emissions-control policies.

e  EPA’s RIAs have evolved to require assessments of the public
health effects and estimates of monetary benefits. CARB does not directly
consider public health benefits in its regulatory analysis of emissions
standards because it uses its proposed standards to attain health-based
NAAQS, which EPA has already assessed for public health benefits.
California estimates health impacts of air pollutants in its reviews of
California ambient air quality standards.’

e  CARB routinely considers only the costs or impacts of its
standards in its jurisdiction (California) and not in other states that might
later adopt California standards, whereas EPA accounts for the costs and
benefits for the entire nation in its assessments.

e  CARB adopts emission-standard regulations in a public meet-
ing with a public vote by board members. Public comments during this
hearing can result in modifications to final standards. CARB may also
include requirements for periodic review of standards during which stan-
dards can be modified. EPA’s emissions standards, although subject to
lengthy public-comment and technical-review periods, are issued through
a finalized notice in the Federal Register. (A 2004 EPA regulation in-

* California has its own ambient air quality standards that are lower than the
NAAQS for some pollutants. However, California ambient air quality standards
do not have any deadlines for attainment.
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cludes a requirement to conduct a periodic review of technical progress
in attaining an emission standard.) In contrast to the flexibility CARB
has in revising standards based on new scientific and technical informa-
tion, EPA has historically developed new or revised mobile-source emis-
sions standards only when directed or authorized to do so by Congress.

Recommendations

Consistent with a 2000 NRC report on modeling mobile-source
emissions,” CARB and EPA should work in tandem to improve mobile-
source emissions models. In particular, consistent with the NRC report,
CARB and EPA should complete long-range plans that address im-
provements or new approaches to mobile-source emissions models. Such
plans will improve estimations of emissions reductions. The estimations
are a major part of assessing the impacts of emissions standards. The
committee also recommends that CARB and EPA include, to the extent
possible, air quality impact assessments as part of each rule-making, be-
cause the effect of reducing mobile-source emissions on ambient pollut-
ant concentrations will vary from region to region.

Although the committee did not have sufficient information to
evaluate the safety issues associated with past regulations, it recommends
that safety issues continue to be given careful consideration by EPA and
CARB when setting mobile-source emissions standards.

Given that CARB and EPA emissions standards tend to require new
technological developments, the committee also recommends that peri-
odic assessments of technological feasibility be continued by the
agencies for some of the more important standards. Examples of such
assessment include CARB’s biennial review of the zero-emission-vehicle
mandate and EPA’s biennial review of on-road diesel-engine standards.
Periodic assessments will allow the standards to be based on the most
current understanding of the science and technology.

The Waiver Process

Each time CARB sets or substantially revises a California mobile-
source emission standard, it must seek a waiver from EPA. The waiver

> NRC (National Research Council). 2000. Modeling Mobile Source Emis-
sions. Washington, DC: National Acadmies Press.
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review process usually takes several years to complete, and waivers are
often granted shortly before the vehicles and engines that meet the stan-
dards are in the market. In some cases, waivers have been approved after
vehicles and engines that meet the standards are already in the market.

EPA’s consideration of a California waiver request requires sub-
stantial EPA resources in terms of personnel and time. EPA is required to
provide an opportunity for interested parties to provide comment and to
participate in public hearings, if hearings are requested. Each of these
steps is time-consuming and perhaps duplicative. EPA must also conduct
technical analyses of all comments provided by California, manufactur-
ers, and other interested parties, further extending the time needed to is-
sue a waiver decision. Although many California waiver requests are
relatively straightforward and uncontroversial, EPA must nevertheless
provide the opportunity for full public participation and subsequent tech-
nical analyses. This time-consuming process creates uncertainty for Cali-
fornia, other states considering adopting those California standards, and
manufacturers.

Recommendations

California, other states, and manufacturers all have a strong interest
in obtaining EPA waiver decisions well before the applicable standards
take effect. The committee recommends establishment of a two-track
system for waiver requests. Many California waiver requests have not
been controversial, and EPA has not received any significant comments.
EPA could expedite waiver requests that it considers noncontroversial,
approving the waiver with a minimal analysis in a direct final decision
without a full notice-and-comment process. The final decision would be
published in the Federal Register, and if any interested party raised a
substantive objection to the decision, it would be withdrawn and sub-
jected to the full waiver process. This expedited process would allow
EPA to process quickly and efficiently those waiver requests that are
noncontroversial, freeing up resources to focus on those that require
more time and discussion.

The committee also recommends consideration of a mandatory time
limit for EPA to review and issue a waiver decision for controversial
waiver requests. The time limit could be based on existing timetables for
the EPA waiver process. California is required to provide adequate lead
time between adoption of state regulations and their implementation:
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usually at least 2 years for on-road sources and at least 2 years for non-
road sources. A time limit of 2 years or less for EPA review would place
the review process between the adoption of the standards by California
and the time that the standards take effect. Given the importance of the
EPA waiver review and the need to conclude such reviews more quickly,
EPA should ensure that sufficient resources are devoted to the waiver
review process so that the quality of the review is not sacrificed to com-
ply with new time limits.

Adoption of California Emissions Standards by Other States

The primary reason that other states adopt California emissions
standards is to obtain additional emissions reductions to help attain and
maintain the NAAQS. States first began using their authority under sec-
tion 177 of the CAA in the early 1990s when New York and Massachu-
setts adopted California emissions standards for new light-duty vehicles.
To date, section 177 authority has mostly been used to adopt light-duty-
vehicle standards by various northeastern states, although a growing
number of other states have adopted or expressed an interest in using this
authority to adopt California standards for both light-duty and heavy-
duty vehicles.

Some states have cited additional rationales for adopting California
standards. When considering emissions standards for on-road heavy-duty
diesel vehicles, some states have indicated that they consider the adop-
tion of California standards to be a safety net in case EPA delays similar
federal standards. When considering emissions standards for light-duty
vehicles, even when current federal standards provide emissions reduc-
tions similar to those in California, some states expect that California
will continue to reduce standards earlier than the federal program. In ad-
dition, some states have adopted or expressed interest in adopting the
California greenhouse gas emissions standards.

Manufacturers of mobile sources have raised objections to the
adoption of California standards by other states. Manufacturers contend
that states overestimate the emissions benefits of adopting California
standards and that California standards often provide no significant air
quality benefits over the applicable federal standards. Other objections
include the claims of incremental costs of producing additional Califor-
nia-certified engines, the risks of expanding technology-forcing experi-
ments to a greater share of the national market, and the additional com-
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plexity of having to distribute products that attain different standards in
different states. Disputes have also arisen between the states and the
manufacturers over the ability of California-certified vehicles to meet
emissions standards and function properly under conditions in their
states.

Up to this point, adopting states and manufacturers have resorted to
the courts to resolve their technical and legal disputes when direct nego-
tiations have failed. Among the issues that have been litigated are
whether adopting states also had to adopt California fuel regulations,
whether electric vehicles designed for California (under the zero-
emission-vehicle [ZEV] mandate) could be mandated in northeastern
states where their batteries might not function properly in wintertime,
and whether the California ZEV mandate met the definition of a standard
that could be separately adopted by other states. Although EPA is an ap-
propriate entity to comment on some of these disputes, it has no authority
over states’ adoption decisions.

Recommendations

The process by which a state adopts California emissions standards
should be improved to aid in the resolution of the legal and technical dis-
putes that often arise. As the agency that has the overall authority for
implementing the CAA, including the mobile-source provisions, EPA
should consistently participate in the process of the adoption of Califor-
nia standards by another state. EPA’s current role in the state adoption
process includes the authority to approve or disapprove the state SIP
claims for emissions benefits from California emissions standards. The
committee discussed additional roles for EPA to improve the state adop-
tion process and considered two possible alternatives.

1. Each time a state intends to adopt a California emission standard,
EPA would provide formal guidance to aid the state’s adoption decision.
EPA would determine whether any new issues have arisen that were not
considered in the California waiver for the same standard (for example,
issues related to technological feasibility, lead time, identicality, and
cost) and whether these issues provide cause for states to reject the stan-
dard. EPA would further determine whether the state action is consistent
with the requirements specified in section 177 of the CAA. EPA’s de-
terminations would be developed with the aim of deterring litigation over
potential disputes. However, EPA’s determinations would not be bind-
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ing, and states would retain their ability to adopt California standards at
their discretion.

2. EPA is given the authority to review and, under limited circum-
stances, deny a state adoption decision using a truncated waiver determi-
nation process. In its review, EPA would consider whether the state’s
adoption of the California standard raises any issues not considered in
the original California waiver and whether the state action is consistent
with section 177 of the CAA. In this scenario, it is important that EPA’s
waiver determination not delay or otherwise impede adoption of a Cali-
fornia standard. EPA would be required to approve automatically any
state’s adoption request that had not been denied after 18 months of
submittal. It is also important that EPA give the same deference to sec-
tion 177 state findings as it does to California’s findings when making a
waiver determination. Under this alternative, EPA’s determinations
would be binding in the same manner as EPA’s determination of a Cali-
fornia waiver application.

The committee also discussed whether EPA’s review under alterna-
tive 2 should include an assessment of the necessity or usefulness of the
adoption for states to attain their air quality goals. Such an assessment
would have to balance the benefits of additional emissions reductions,
increased flexibility for states to develop air quality management plans,
and wider distribution of new technologies against the costs to industry
and consumers.

What role EPA is to have in the state adoption process is a policy
decision that goes beyond scientific and technical considerations. The
committee disagreed as to which of the two approaches described above
would be most effective. However, even if there is no change in the
adoption process, non-California states should continue their efforts to
work with manufacturers to minimize compliance burdens. As an exam-
ple, the committee encourages northeastern states that have adopted Cali-
fornia light-duty-vehicle emissions standards to implement a regionwide
fleet-average emission standard rather than having each state meet a
separate fleet-average standard.

Technical and Scientific Practices of
States That Adopt California Standards

States that adopt California light-duty-vehicle emissions standards
have supported the adoption by estimating the emissions reductions and
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in some cases the in-state economic impact of the regulations. The meth-
ods used to estimate emissions impacts in general rely on the same basic
emissions models used by EPA and CARB.

Engineering-cost estimates of California emissions standards are
typically adopted from CARB. States with larger populations, such as
New York and Massachusetts, tend to perform their own analyses. Other
states have relied on outside analyses, such as those conducted by the
Northeast States for Coordinated Air Use Management.

Small-Engine Emissions Standards

An area of active interest for emissions control is in small gasoline-
powered engines’® used in an array of equipment and applications. Com-
pared with light-duty-vehicle emissions control, small-engine emissions
control poses special design, production, and distribution challenges.
Small-engine manufacturers sell engines as well as equipment that use
their engines, such as lawn mowers and chain saws. Small-engine
equipment is often sold through a multistep distribution chain—from
manufacturer to retail distributor to retail dealer. In addition, there is no
state registration process for most small-engine products that can be used
to ensure compliance with emissions standards. CARB has demonstrated
some flexibility in setting emissions standards for small engines to deal
with some of the difficulties inherent in the non-integrated industry.
CARB has also worked with industry to reduce some of the burden in the
compliance testing and certification process.

Recent federal legislation prohibits other states from adopting the
California standards for small gasoline-powered engines and mandates
that EPA issue new standards for small engines for the rest of the coun-
try. Thus, small engines form a new regulatory category different from
other mobile sources. All other mobile sources fall into one of two cate-
gories: sources such as light-duty and heavy-duty vehicles for which
California can set and other states can adopt emissions standards and
sources such as airplanes and locomotives for which standards are en-
tirely federally preempted.

6 Here the committee refers to engines smaller than 25 horsepower that are
used mainly in lawn and garden equipment.
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Recommendations

California should continue its pioneering role when setting emis-
sions standards for small engines to aid its efforts to improve air quality
and be a proving ground for new emissions-control technologies. The
committee encourages CARB to use the flexibility it has shown in revis-
ing standards based on new scientific and technical information for regu-
lating small engines. The committee also recommends that the suggested
alternatives for improving the state adoption process be used if a decision
is made in the future to allow states to adopt California small-engine
standards.

Cost Analyses

CARB and EPA estimate the costs to meet emissions standards.
Both agencies look at variable parts costs; fixed costs, such as research
and development costs; and testing and certification costs. States that
adopt California’s standards typically rely on California’s cost estimates.
One element of relying on technology-forcing regulations and, in Cali-
fornia’s case, of serving as a laboratory for mobile-source emissions-
control technologies is the considerable uncertainty in estimating the cost
of complying with emissions standards. Future technologies assumed
during standards development and thus included in the regulatory esti-
mates are not always the ones used for compliance. Even when techno-
logical assumptions turn out to be correct, estimated cost might not be
correct. Some costs, such as the costs to other states to implement and
maintain a program, are excluded from California’s economic impact
analyses of their own standards. CARB and EPA have used cost estimates
to calculate cost-effectiveness in units of dollars per mass of pollutant re-
duced to weigh mobile-source emissions control against other emissions-
control strategies. In the past decade, EPA estimated the monetized benefits
of its major rules to compare with costs.

The committee finds that it is difficult to determine what parties
bear what fraction of the costs of emissions standards. Manufacturers
closely guard cost and pricing data to avoid placing themselves at a com-
petitive disadvantage. The majority of available estimates of the cost of
emissions standards are for light-duty vehicles, but these estimates vary
substantially and are uncertain. Vehicles are not priced to recoup directly
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the costs of meeting emissions standards because costs are difficult to
allocate to a single model, especially research and design costs. Addi-
tional costs are also difficult to incorporate directly into the sticker price
when two models that differ only in emissions equipment are being sold
side by side or when a competitor does not include such a surcharge for
its vehicles. Under such conditions, the cost of emissions controls must
be absorbed in reduced profits, in reduced costs, or in distribution of
costs throughout the whole product line.

Recommendations

To address the uncertainty inherent in prospectively estimating
costs to comply with mobile-source emissions standards, the committee
recommends that agencies and stakeholders attempt to improve commu-
nication about the uncertainty by providing a range of costs rather than a
single point estimate, especially for new technologies. In addition, be-
cause costs are such an important element for understanding the impacts
of state emissions standards, the committee finds a need for a compre-
hensive study of the costs of state standards. This study should include
the difference in costs for the states that adopt California standards com-
pared with costs for California, the distribution of those costs, and their
cost-effectiveness. Costs should be viewed broadly and include the costs
to manufacturers and distributors to develop and distribute products cer-
tified under two emissions standards and the costs to states to implement,
enforce, and maintain the program.

Harmonization of Standards and Procedures

Recognizing the needs of some states to adopt more stringent mo-
bile-source emissions standards to help meet air quality goals, a desirable
objective is harmonization of CARB’s and EPA’s certification proce-
dures. Although meaningful differences in standards can be important in
achieving clean air, superficial differences in areas such as certification
procedures can be wasteful.

Harmonization of standards and testing procedures also has a global
context. Since the beginning of emissions controls on mobile sources
almost 50 years ago, there has been a profound shift in the manufacturing
of mobile sources. Increased globalization means that foreign manufac-
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turers are producing and selling their products within the United States,
and domestic manufacturers are producing and selling globally. In addi-
tion, countries around the world have adopted mobile-source emissions
standards, with those of the United States serving as one model.

Although harmonization is a worthy pursuit when the interests of
the federal government and the states coincide, there are areas where
their priorities diverge. A high-profile example is California’s recent de-
velopment of greenhouse gas emissions standards for light-duty vehicles.
The California greenhouse gas standards, which have been promulgated
by CARB and have been adopted or considered by several other states,
reflect a difference in policy between the federal government and some
states in addressing climate change with light-duty-vehicle emissions
standards.

Recommendations

Regulators should make a determined effort to harmonize the pro-
cedures for testing and certification and look for opportunities to harmo-
nize the emissions standards. Domestically, CARB and EPA should con-
duct a biennial assessment, either through a written report or public
meeting, of where emissions testing and certification procedures can be
harmonized and what emissions standards can be harmonized. The com-
mittee recognizes that EPA is leading the U.S. participation in interna-
tional efforts to harmonize emissions standards and testing procedures.
EPA should continue these efforts and encourage international participa-
tion in the biennial harmonization assessments. The committee recog-
nizes that many countries will lag in the adoption of mobile-source
emissions standards; therefore, global efforts to harmonize may need to
focus initially on emissions testing and certification procedures.

Overview of Conclusions and Recommendations

Despite the substantial progress made over the past decades in re-
ducing emissions from mobile sources, further progress is needed to at-
tain air quality standards in many parts of the country. Separate Califor-
nia mobile-source emissions standards provide emissions control, air
quality benefits, and innovation beyond federal standards. California
should continue its pioneering role when setting mobile-source emissions
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standards. Although a second set of standards imposes additional costs
and complexity to manufacturers, the committee concludes that the Cali-
fornia program has been beneficial overall.

The committee recommends that CARB and EPA continue to re-
view their scientific and technical practices in tandem to address areas
for possible improvements and harmonization. The committee also rec-
ommends improvements to EPA’s waiver process to provide timelier
waiver decisions for California emissions standards.

State decisions to adopt California emissions standards have re-
sulted in several disputes between states and industry, which typically
led to extensive litigation. Although EPA is an appropriate entity to re-
solve or comment on some of these disputes, it has no authority over
states’ adoption decisions. The committee discussed two alternative roles
that EPA could play to improve the state adoption process but did not
reach a consensus to recommend either one.
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Emissions from mobile sources ranging in size from small, hand-
held gardening equipment to on-road passenger vehicles, heavy-duty
trucks, and large construction equipment contribute significantly to air
pollution in the United States. The federal Clean Air Act (CAA) man-
dates, with specific exceptions, that the U.S. Environmental Protection
Agency (EPA) regulate mobile sources by uniform national emissions
standards (CAA section 209(a)). An exception to federal preemption of
these standards is granted to the state of California. California’s exemp-
tion was granted in the early years of mobile-source regulation because
air pollution was more severe in California than in the rest of the nation,
and the state had a long history of establishing its own emissions stan-
dards for on-road vehicles and other mobile sources (CAA sections
209(b) and 209(e)). Other states may choose to adopt California emis-
sions standards as a mitigation strategy but may not establish their own
standards.

California and the federal government have set mobile-source emis-
sions standards and have tightened those standards over time. This evolu-
tion has led to important technological advances in emission-control sys-
tems and substantial reductions in mobile-source emissions. Several
states, particularly in the Northeast region, have adopted California emis-
sions standards in the past 2 decades as part of their plans to improve air
quality and protect public health. Because mobile-source emissions still
represent a substantial fraction of air pollutant emissions, mobile-source
emissions reductions can still contribute substantially to improvements in
air quality. The role of state versus federal government in establishing

17
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mobile-source emissions standards has been and remains an important
environmental policy issue.

ORIGIN OF STUDY AND COMMITTEE CHARGE

In January 2003, a Senate omnibus bill included a provision direct-
ing EPA to “submit a report ... on the practices and procedures by which
States develop separate emission standards, including standards for non-
road engines or vehicles, as compared to the development by EPA of
national emission standards under the Clean Air Act. This report shall
include an assessment of the procedures, practices, standards and re-
quirements used by States as opposed to those used by EPA, including
how States and the EPA take into account technological feasibility, eco-
nomic feasibility, impact on the economy, costs, safety, noise and energy
factors associated in the development of these standards.” The provision
was later modified, directing EPA to contract with the National Academy
of Sciences to conduct the review and submit a report of its findings to
the Committees on Appropriations. In response to EPA’s request, the
National Research Council (NRC) established the Committee on State
Practices in Setting Mobile Source Emissions Standards. The NRC study
began in March 2004. The Statement of Task set forth to the committee
is as follows:

This committee will review and evaluate the scientific and
technical practices used by states in setting emissions stan-
dards for mobile sources, including those for nonroad engines
and vehicles. The committee will assess the scientific and
technical procedures used by states to develop or adopt emis-
sions standards separate from those set by EPA under the
Clean Air Act and assess the factors that cause states to move
to more stringent emissions standards. The committee will
consider the scientific, technical, and economic rationale and
methods used by the states in setting standards and how they
compare with those used by EPA. In addition, the committee
will take into consideration the direct and indirect impacts and
benefits that state emissions standards have had on various
factors, including compliance costs, energy consumption, air
quality, and human health. Specifically, the committee will
assess the following:
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e  How states assess their need for more stringent emissions
standards.

e  How California develops and other states adopt separate emis-
sions standards.

e  How states take into consideration technical and economic
feasibility of compliance with separate emissions standards.

e  How states take into account expected impacts on cost to con-
sumers, employment, safety, noise, and energy as part of the standards-
setting process.

e  How expected emissions reductions and air quality benefits
are accounted for in the state emissions standards-setting process, and
how those benefits help states to meet their air quality attainment
requirements.

e  How the rationale and methods used by states compare with
those used by EPA.

e  How California emissions standards affect those set by EPA.

The committee was also asked to consider the effects of over 30
years of experience by California in setting separate emissions standards,
not only in terms of the impacts and benefits on such factors as compli-
ance costs, energy use, air quality and human health but also in terms of
the effects on the timing of federal emissions standards. The committee
was also asked to examine the intersection of state emissions standards
with fuel standards.

THE COMMITTEE’S APPROACH TO THE
CHARGE AND THE REPORT ORGANIZATION

The committee began its work with a historical review of mobile-
source regulation by California and the federal government. The review
includes the significance of mobile-source emissions to air quality and
health (Chapter 2), the history and status of mobile-source regulation in
the United States (Chapter 3), and the evolution of technology to meet
emissions standards (Chapter 4). The report continues with an analysis of
the reasoning behind the current system of mobile-source regulation in
the United States (Chapter 5). The committee then considers several case
studies of mobile-source regulation (Chapters 6 and 7) to understand and
explain the specific aspects of regulating the various sectors of mobile
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sources. The report concludes with a chapter of findings and recommen-
dations (Chapter 8).

The committee interpreted its charge to include any mobile-source
emission standard that has been established as a rule by California. The
committee did not consider emissions standards for federally preempted
sources, such as aircraft, locomotives, commercial marine vessels, and
certain other nonroad equipment. The committee limited its considera-
tions to emissions standards for new mobile sources or engines and did not
consider in-use emissions control programs, such as motor vehicle emis-
sions inspection and maintenance programs (I/M). Furthermore, the com-
mittee did not consider fuel composition or refueling emissions standards.

Historically, emissions standards set by California and the federal
government have aimed to reduce ambient concentrations of criteria pol-
lutants, including nitrogen dioxide (NO,), ground-level ozone (O3), car-
bon monoxide (CO), particulate matter (PM), and sulfur dioxide (SO,)
(see “criteria air pollutants” in Glossary). Emissions standards have also
been developed or proposed for hazardous air pollutants (also called air
toxics) by EPA and California and for greenhouses gases by California.
The committee’s assessment focuses on emissions standards for criteria
pollutants. However, in Chapter 6, the committee also summarizes stan-
dards that have been recently set for greenhouse gas emissions, recogniz-
ing that no such standards have been established by the federal govern-
ment. The committee did not perform an in-depth analysis of the recent
greenhouse gas standards or develop findings and recommendations spe-
cific to these standards. The committee decided that it would be prema-
ture to consider the greenhouse gas emissions standards because these
standards were passed into law by California after the committee had
begun its analysis and because the legal standing of the standards was in
question during this study.

In the course of its work, the committee found that, historically,
EPA and CARB have focused on the technical feasibility of proposed
standards, the emissions benefits of the standards, and the monetary costs
to manufacturers to comply with the standards. EPA has been required to
assess and monetize the health benefits of its major regulations in recent
years and utilizes air quality analysis as part of this process. With some
exceptions, the impacts of emissions standards on employment, safety,
noise, and energy are dealt with qualitatively or not at all. Therefore the
main focus in this report is on the technical feasibility of proposed stan-
dards, the emissions and air quality benefits of those standards, and the
monetary costs to manufacturers to comply with the standards.
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Air Quality, Emissions, and
Health Impacts Overview

OVERVIEW OF POLLUTANTS AND STANDARDS

The primary goal of air quality management is the protection of
public health and welfare. The governing legislation that exists today is
the federal Clean Air Act (CAA), which was established in 1963 (PL 86-
493) and substantially amended in 1967, 1970, 1977, and 1990. Several
amendments to those CAAs also occurred between full CAA reviews and
formal legislative revisions, particularly during the 1960-1980 period.
The CAA provides the regulatory framework for air quality management,
including mobile-source emissions. The management framework has five
goals: mitigate ambient concentrations of criteria pollutants (described
below), limit exposure to hazardous air pollutants (HAPs), protect and
improve visibility in pristine areas, reduce emissions that cause acid
deposition, and curb the use of stratospheric ozone-depleting chemicals
(NRC 2004). The reduction of mobile-source emissions plays a key role
in attaining those goals and is dealt with explicitly in the CAA, as dis-
cussed in Chapter 3 of this report. Regulation of mobile-source emissions
is aimed predominantly at mitigating criteria pollutants; however, these
sources also emit pollutants that contribute to air toxic exposures (also
called hazardous air pollutants or HAPs), acid deposition, visibility deg-
radation, and greenhouse gas concentrations.

The benefits from the CAA and its amendments have been substan-
tial. The economic benefits to public health from improved air quality
have outweighed the overall costs required to implement all mitigation
strategies (OMB 2004). EPA estimated that the benefits of implementa-
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tion of the CAA between 1970 and 1990 were $5-50 trillion greater than
the costs (EPA 1997). EPA (1997) estimated that these benefits include
about 100,000 to 300,000 fewer premature deaths per year and 30,000 to
60,000 fewer children each year with intelligence quotients below 70. In
addition, regulations to improve air quality have helped propel the devel-
opment of the emission-control industry.

Criteria Pollutants

The six criteria pollutants are identified as those reasonably antici-
pated to endanger public health or welfare and those whose presence re-
sults from numerous or diverse mobile and stationary sources (CAA sec-
tion 108(A) (1)). The federal CAA Amendments of 1970 directed EPA to
set National Ambient Air Quality Standards (NAAQS) for criteria pol-
lutants and to review the NAAQS at intervals of not more than 5 years
and to update them as needed (CAA section 109). Standard concentra-
tions for each pollutant are set at two levels: a primary standard that pro-
tects the public health and a secondary standard that protects public wel-
fare, including effects on visibility and agriculture." NAAQS were first
established in 1971 on the basis of the current scientific knowledge of the
effects of the pollutants on health and welfare. The NAAQS of 1971 in-
cluded carbon monoxide (CO), sulfur dioxide (SO,), nitrogen dioxide
(NO,), total photochemical oxidants, total suspended particles (TSP), and
hydrocarbons (HC). Over time, a standard for lead (Pb) was added, TSP
was revised to a standard for PM10,2 a standard for ground-level ozone
replaced the oxidants standard, and the standard for HC was removed.
The most recent NAAQS were promulgated in 1997 when a standard
was added for fine PM (PM2_5),3 and the standard for ozone was lowered

' The term primary and secondary is also used in some instances in air pollu-
tion to differentiate between pollutants emitted directly by sources and pollut-
ants formed in the atmosphere. For example, particulate matter emitted from a
factory is called primary particulate matter, and particulate matter formed in the
atmosphere from sulfur emissions from the same source is called secondary par-
ticulate matter.

 PM, refers to a subset of particulate matter collected by a sampling device
with a size-selective inlet that has a 50% collection efficiency for particles with
an aerodynamic diameter of 10 micrometers (um).

3 PM, 5 refers to a subset of particulate matter collected by a sampling device
with a size-selective inlet that has a 50% collection efficiency for particles with
an aerodynamic diameter of 2.5 um.
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and changed from a 1-hr average basis to an 8-hr average basis, effec-
tively making the standard more stringent. Mobile sources contribute to
ambient concentrations of all criteria pollutants.

Air Quality Standards

Some of the earliest, most severe, and most persistent air pollution
episodes in the United States have been in California, particularly in the
Los Angeles basin, and parts of California continue to have the most se-
vere air pollution in the country. State legislation to control air pollution
was passed as early as 1947, well before the federal CAA of 1963, and
California has often preceded the federal government in establishing air
quality and emissions standards. California’s Department of Public
Health set ambient standards as early as 1959, and later the California
Air Resources Board (CARB), formed in 1969, became the agency au-
thorized by California law to set state ambient air quality standards. The
federal CAA authorizes states to adopt ambient air quality standards to
protect public health that are more protective than the EPA standards.
California is among several states that have adopted separate ambient
standards. California’s standards are more stringent than the NAAQS,
and the state has adopted standards for additional criteria pollutants. In
contrast to the federal standards, California’s ambient standards do not
have attainment deadlines. The current federal and California standards
are presented in Table 2-1.

Nonattainment Areas

The CAA mandates that ambient concentrations of criteria pollut-
ants be monitored in urban and rural areas throughout the United States.
EPA then determines whether the monitored regions attain the NAAQS
based on statistical analysis of monitored data. Figure 2-1 shows nonat-
tainment counties as of September 2005, indicating how many criteria
pollutants are in nonattainment in each county. Figure 2-2 shows nonat-
tainment counties for PM,; and ozone (with concentrations averaged
over 8 hr) and, when compared with Figure 2-1, shows that the majority
of nonattainment counties in the United States violate either the ozone or
PM, s NAAQS. The figures show that nonattainment of criteria pollutants
is especially problematic in much of California and the Northeast region

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

Mobile Source Emissions

24

QI0UW IO SI[TW
01 Jo AIqIsiA “xopowofry 1od
€7°0 JO JUSIDIJFS00 UONOUNXY

Ju/8n gy
(w31 ¢g9) wdd 670

(qw/8ri go1) wdd 1070
(w31 oLy) wdd 6z°0

(w/Sw ¢7) wdd og
(/3w £) wdd 9 doye ],
oye] ‘(Jw/Sw o1) wdd 6
Ju/sn g

paepuess ojeys djeredas oN
Ju/8n og

Jwy/si og

(gwy/3ri £¢1) wdd 000

(w31 og1) wdd 600

Krewd se oweg

(w31 pog*1) wdd ¢

Arewad se owreg

QuUON

Krewid se owreg
Arewrd se owreg
Arewnd se oweg
Arewrud se oweg

Arewad se owreg

SpIepue)s [eIopaj ON
Q/3m gy

(/81 g9¢) widd 4170
(/31 og) wdd g0 0

(w31t oo1) wdd €500
(qw/Swr op) wdd g¢

((w/Bw ) wdd 6
Qs g

;s g9

L/ og

Qu/3m oG

(/8r L) wdd 8070

(w31 ¢e7) (wdd)
vorru Jod syred 710

I8 AN[IqIsIA

I9)renb repusre)
a3eI1oAe Aep-O¢

T

e

g v

UBIW OT}OWY)LIR [ENUUY
T

UBIW JTJOW)LIR [BENUUY
g1

g8

UBOW OIOW)LIR [ENUUY
qvc

UBIW JNOW)LIR [ENUUY
T ve

g8

1 1

»ad

‘oS

‘ON

0D

WNE&

o:\énﬁ

ouoz(

Arewtid ,SpIepuel§ BIUwIOf[R)

A18pU009g

Arewrni

SpIEpue)S [eIOPd,]

ow ], SurSe1oAy  jueInjod

spiepue)§ AI[enQ) 11y JUSIqUIY BIUIOJI[ED) PUB [eI9pd] [- ATAV.L

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

ile Source Emissions

25

8007 AV woi padepy 00108

‘syuen[jod osoy) 10J poyyroads

SUOIJBIJUIOUOD JUIIQUIE O} MO[dq S[QAJ] JB SAINSLIUW [0J3U0D JO uonejuowa[dwl oy} J0J MO[[e SUONOR OS], ‘POUTIIONP SIO9IJ0
IO ISIOAPE JOF dINS0dXo JO [9AJ] PIOYSIIY) OU [IIM  SIUBUIEIUOD ITE OTXO0),, SB OPLIOJYD [AUIA PUE Ped] PAYHUIPI SBY IV,

»PPHOTYO

(qw/31 97) wdd 100 SpIepuels [e19pdJ ON 4 T JAuIA
opyns

(w31 zg) wdd €00 SpIepue;}s [eI9pa) ON. Iy | uaSoIpAH
Ju/3n ¢z Splepue)s [e1opa) ON I g soyensg

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

26 State and Federal Standards for Mobile-Source Emissions

Legend
g [l County Designated Nonattainment for 4 NAAQS Pollutants
R County Designated Nonattainment for 3 NAAQS Pollutants
& - County Designated Nonattainment for 2 NAAQS Pollutants

County Designated Nonattainment for 1 NAAQS Pollutants

-

FIGURE 2-1 Counties designated “nonattainment” for NAAQS as of Septem-
ber 2005. Guam—Piti and Tanguisson Counties are designated nonattainment
for the SO2 NAAQS. Partial counties, those with part of the county designated
nonattainment and part attainment, are shown as full counties on the map.
Source: EPA 2005a.

of the United States. Many counties in the United States are nonattain-
ment designated for both ozone and PM, s concentrations.

Trends

On average, monitored concentrations for all criteria pollutants
have decreased throughout the nation since 1970. A National Research
Council (NRC 2004) assessment of air quality management credits the
CAA with these substantial emissions reductions despite growth in popu-
lation, energy use, and vehicle activity. The exceedances of the NAAQS,
however, differ in relative severity from location to location and over
time, depending on emissions sources, prevailing meteorology, and ef-
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Designated Nonattainment
" IPM, 5 only
I PM, 5 and 8 hr ozone
8 hr ozone only

Several counties have only a portion of their county designated nonattainment.
These counties are represented as whole counties on this map.

FIGURE 2-2 Counties designated nonattainment for PM, s and/or ozone with
concentrations averaged over 8 hrs. Designations for ozone were made in June
and September 2004. Designations for the PM,s were made in April 2005.
Source: EPA 2005b.

fectiveness of regulation. Ambient Pb concentrations, for example, have
been dramatically reduced throughout the nation since the 1980s as a
result of a national policy to remove Pb from gasoline. Because of effec-
tive regulation of CO emissions, especially from mobile sources, the
number of CO nonattainment areas has been reduced from many to only
a few, representing another area of success due to the CAA (NRC 2003;
Holmes and Russell 2004).

In contrast, ground-level ozone remains above the NAAQS in many
areas despite decades of precursor reductions. Figure 2-3 shows the
number of days per year that ozone concentrations exceeded the NAAQS
from 2001 to 2003. The figure shows that areas in California exceed the
NAAQS most frequently and that exceedances are common in Texas, the
Midwest, and the entire Northeast region. Figures 2-4 and 2-5 presents
historical air quality trends in exceedances of the 1-hr maximum ozone
concentration and the 8-hr maximum ozone concentration in Los Ange-
les and New York. Both New York and Los Angeles are approaching the
1-hr NAAQS as a result of air quality improvement programs. The new
standard for ozone, however, places both locations in a much more diffi-
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FIGURE 2-3 Frequency with which the NAAQS for ozone (with concentra-
tions averaged over 8 hr) was exceeded 2001-2003. Source: Witherspoon 2004.
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500
450
400
350
300
250
200
150
100
50

0

T T T T T T T T T T T T

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Year

—+— New York Airshed =% Los Angeles Airshed Standard

FIGURE 2-4 Trends in maximum ozone concentrations averaged over 1 hr for
New York and Los Angeles airsheds from 1978 to 2004. Source: EPA 2004a;
CARB 2005a.
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FIGURE 2-5 Trends in maximum ozone concentrations averaged over 8 hr for
New York and Los Angeles airsheds from 1994 to 2004. Source: EPA 2004a;
CARB 2005a.

cult position. Meeting this standard will require more aggressive ozone
precursor control strategies for each region. That position is typical of
other nonattainment areas on both the east and the west coasts of the
United States.

More generally, further progress in improving air quality in the
United States is likely to be challenging, especially in meeting the new
NAAQS for PM, s and ozone and in addressing issues such as regional
haze, HAPs, and greenhouse gas emissions (NRC 2004; Chameides et al.
2005). Mobile-source emissions standards, the focus of this report, are
promulgated primarily to meet NAAQS, but such standards will also af-
fect other air quality issues, such as mobile-source HAPs and greenhouse
gas emissions. For example, EPA analyses show that mobile-source
emissions standards programs already in place will yield significant re-
ductions of mobile-source HAPs (EPA 2000a).

GROUND-LEVEL OZONE AND FINE PARTICULATE MATTER

Ground-level ozone and fine PM currently account for the majority
of nonattainment areas in the United States and will be the focus of many
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FIGURE 2-6 Schematic of the atmospheric processes involved in the formation
of O; and secondary PM. Major precursors are shown in the boxes with thick
sides. Secondary particle components are shown in the boxes with thin, solid
sides. Source: NARSTO 2004. Reprinted with permission; copyright 2004,
Cambridge University Press.

future mitigation efforts. General characteristics of these two pollutants
relevant to mobile-source management are presented here. Figure 2-6
shows a schematic representation of ozone and secondary PM formation
and the relationships among the atmospheric processes involved in their
formation. Later sections expand on the contribution of mobile sources to
the concentrations of ozone and fine PM.

Ozone

Some criteria pollutants accumulate in the atmosphere due to direct
emissions and are characterized as primary pollutants. Ozone, in contrast,
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is characterized as a secondary pollutant because it is formed almost en-
tirely in the atmosphere. Ozone formation is a highly nonlinear process
that depends on sunlight intensity, meteorology, and the emissions and
transport of its two major precursors, NO, and HCs. Understanding tro-
pospheric ozone chemistry is a key to understanding how ozone forma-
tion depends on concentrations and emissions of its major precursors.” A
detailed description of this chemistry can be found elsewhere (Seinfeld
and Pandis 1998; Finlayson-Pitts and Pitts 1999), and the following is
meant to give a brief overview of the relationship of ozone to NO, and
HC concentrations.

Ozone is formed when NO, disassociates in the presence of
sunlight to form NO and a single reactive oxygen atom (O), which can
then combine with molecular oxygen (O,) to produce ozone. However,
NO can remove ozone by reacting with it to recreate NO, in a cycle that
by itself would not necessarily result in ozone accumulation. Ozone ac-
cumulates when NO is converted to NO, by alternate pathways, thereby
eliminating an ozone sink (reaction with NO) and creating a new ozone
source (more NO;). The alternate NO to NO, conversion pathways are
driven by HCs and reactive, short-lived species called radicals. The hy-
droxyl radical (OH) can react with HCs to form new organic (carbon-
containing) radicals and inorganic (noncarbon-containing) radicals through
multistep reactions with such species as oxygen. These new radicals con-
vert NO to NO, while regenerating more organic and inorganic radicals
in a self-propagating process, including regeneration of OH that can then
oxidize a new HC. The NO; is then available to form ozone as described
above. Ozone accumulates when conditions favor this recycling of radi-
cals and NOy. Organic radicals and NO, can be removed from the system
by termination reactions that result in formation of less-reactive or stable
compounds, thereby reducing their ability to promote ozone formation.
Ozone formation slows or reverses when conditions favor these termina-
tion processes. NOy and thousands of different HC species may partici-
pate in this process.

Because ozone formation is driven by sunlight, as are other impor-
tant radical reactions, ozone formation (and concentrations) is typically
at a maximum in the afternoon and at a minimum before sunrise; how-
ever, ozone concentrations also depend on the temporal patterns of emis-
sions and concentrations of available NO, and HCs.

* The discussion in this report focuses on air pollution of the troposphere or
lower (ground-level) atmosphere.
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FIGURE 2-7 Ozone isopleths (lines of constant ozone concentration). Source:
NARSTO 2000. Reprinted with permission; copyright 2000, Cambridge Univer-
sity Press

A common way of understanding the relationship between ozone,
NO,, and HC is through the use of ozone isopleths diagrams (lines of
constant ozone concentration), which relate relative amounts of HC or
volatile organic carbon (VOC)’ and NO, to ozone concentrations in a
particular location. Ozone isopleths typical of an urban area in the United
States are presented in Figure 2-7. The x- and y-axes represent initial
VOC and NOy concentrations, respectively, in a mixture of precursors.
The maximum ozone concentration (averaged over 1 hr) that results
when the mixture reacts is plotted as a function of different initial precur-
sor concentrations, and isopleths are drawn through these resultant con-
centrations.

A characteristic feature of Figure 2-7 is the ridgeline (in this exam-
ple, at VOC/NOx ratio of 8:1), which passes through the local maxima in
the ozone isopleths and separates conditions into two regimes: VOC-

> Hydrocarbons are classified in a number of ways. EPA typically reports to-
tal VOC emissions. The California Air Resources Board uses reactive organic
gas (ROG) emissions. Appendix A in this report lists various ways of reporting
HC emissions.
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limited conditions above the ridgeline and NOy-limited conditions below
the ridgeline. At VOC-limited conditions reducing NOy either will not
affect ozone concentrations or will even increase ozone concentrations.
At NOy-limited conditions, reducing VOC concentrations have little to
no effect on ozone concentrations. The isopleths provide some insight
into the complexities in designing appropriate control strategies. VOC
emissions reductions might be appropriate if conditions in an urban area
are in the VOC-limited regime, whereas NOy emissions reductions might
be appropriate if conditions are NOy-limited. In some cases, both NO,
and VOC control might be appropriate. Because VOC and NO, concen-
trations and their ratios can vary within a single airshed and throughout
the day and week, appropriate emissions-reduction strategies are com-
plex. The effectiveness of NO, versus VOC emissions reductions has
been an important science-policy question for ozone mitigation.

Particulate Matter

Atmospheric PM refers to all suspended solid and solid-liquid par-
ticles in the atmosphere. Particles vary in size and chemical composition
and originate from natural and anthropogenic sources. Some particles are
emitted directly (primary PM) and some are formed in the atmosphere as
a result of chemical and physical processes involving gaseous species
(secondary PM). Figure 2-8 shows a typical urban size distribution of
PM in the United States and shows both particle number concentrations
and mass concentrations as a function of particle diameter. Particles are
often divided by size into coarse (>2.5 um), fine (<2.5 um), and ultrafine
(<0.1 um) particles. Figure 2-8 shows that the majority of particles (as
indicated by number concentration n°y) are ultrafine in size; however,
the majority of particle mass (as indicated by volume concentration n°y)
is coarse or fine in size.

The NAAQS for PM, 5 is expressed in terms of total mass concen-
tration; however, regulatory agencies measure both total mass and com-
position of fine PM to provide information about its sources and poten-
tial health effects. Figure 2-9 shows the bulk composition of PM, s for
different U.S. regions. The size of the pie charts also gives an indication
of average total PM, s mass concentrations in the different regions. Major
components of ambient PM,s are ammonium sulfates, ammonium ni-
trates, and elemental and organic carbon compounds. Elemental carbon
refers to nonvolatile materials that are almost exclusively carbon, where-
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FIGURE 2-8 Typical particle volume (n°y), surface area (n°s), and number
(n°y) concentrations of urban aerosol as a function of particle diameter. Source:
Seinfeld and Pandis 1998. Reprinted with permission; copyright 1998, Wiley.

as organic carbon refers to organic compounds in the particle phase.
Ammonium sulfates and ammonium nitrates are formed as a result of
gas-to-particle conversion of ammonia (NHj), SO,, and NOy, and are
considered secondary PM. Elemental carbon is exclusively primary;
however, a fraction of organic carbon in PM, s was found to be secon-
dary. The compositions presented in Figure 2-9 apply to total PM,s. The
chemical composition of the ultrafine fraction of PM, s was found to be
different from that of total PM, s (EPA 2004f), suggesting that different
size particles have different compositions and origins.
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FIGURE 2-9 Mean PM,s compositions in the United States. Source: EPA
2004b.

MOBILE-SOURCE EMISSIONS CHARACTERIZATION
Fraction of Overall Inventory

Emissions of air pollutants are generally divided into the source
categories shown in Table 2-2. Mobile sources compose a large fraction
of the overall inventory. The National Air Quality and Emission Trends
Report 2003 (EPA 2004b), Special Studies Edition reports that the per-
centage of national emissions due to on-road and nonroad mobile sources
are 82% for CO, 56% for NOy, and 45% for VOCs. Although mobile
sources emit SO,, point sources tend to dominate these emissions (EPA
2003a). Since phasing out leaded gasoline, Pb nonattainment has been
virtually eliminated in the United States, and point sources are now more
important than mobile (EPA 2003a). During 1993-2002, across the con-
tinental United States, transportation sources were estimated to have con-
tributed on average about 20% of PM,y and 30% of PM, s (EPA 2003a).
Data in this report are mostly limited to CO, NO,, VOCs, and PM. CO,
NOy, and VOCs have been the primary focus of emissions control from
light-duty vehicles. NOy and PM have been the primary focus of emis-
sions control from diesel-fueled mobile sources, such as heavy-duty on-
road vehicles.

Figure 2-10a-c shows the national trends in total anthropogenic
emissions by major sector from 1970 through 2002 for CO, NOy and
VOC, respectively. Biogenic emissions are not included in these summa-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

36 State and Federal Standards for Mobile-Source Emissions

TABLE 2-2 Air Pollutant Emissions Sources

. Point sources are major, localized, and stationary sources that
typically have their emissions regulated through permits, such as power plants,
refineries, and large manufacturing facilities.

. Area sources do not individually produce sufficient emissions to
qualify or to be reported as a single point source, but collectively the emissions
from all the small sources of the same type in an area may be significant and are
reported as a category. These sources are numerous, including dry-cleaning
facilities, architectural coatings, consumer products, commercial and residential
heating, fugitive dust, solvent usage, and gasoline-dispensing facilities.

. On-road mobile sources are emissions from vehicles certified for
highway use, including passenger cars, buses, trucks, and motorcycles.
. Nonroad mobile sources encompass a wide variety of equipment

types that either move under their own power or are capable of being moved
from site to site. Nonroad mobile equipment sources are not licensed or certified
as highway vehicles but are defined as those that move or are moved within a
12-month period and are covered under EPA's emissions regulations as nonroad
mobile sources. Major nonroad sources include aircraft, marine vessels,
locomotives, farm and agricultural equipment, lawn and garden equipment,
construction and mining equipment, and recreational vehicles, such as boats,
all-terrain vehicles and snowmobiles. Regulation of aircraft, commercial marine
vessels, locomotives, and certain farm and agricultural equipment is entirely
federally preempted. These sources are not considered in this study because no
state, including California, has authority to regulate them.

. Biogenic emissions are dominated by hydrocarbons released by
natural and cultivated vegetation. These emissions are not typically subject to
emission-control strategies, and their spatial distribution (highest in heavily
forested areas) differs from that of other emissions sources, which are often
highest in populated areas.

ries because they are typically not subject to controls. The figure illus-
trates the substantial contribution made by on-road and nonroad mobile
sources for all three pollutants. The figure shows that total emissions and
on-road emissions, especially of CO and VOC, have decreased substan-
tially since 1970. As shown later in this chapter, this decrease has
occurred despite increased on-road vehicle activity. Total nonroad emis-
sions, in contrast, have remained fairly constant, and as a result, the frac-
tion of total emissions that come from nonroad sources has increased.
Nonroad CO increased from 6% to 22% of the total CO inventory from
1970 to 2002. Likewise, nonroad NOy increased from 10% to 19%, and
nonroad VOC increased from 5% to 16% of total inventories from 1970
to 2002.
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FIGURE 2-10 Trends in (a) CO, (b) NO,, and (c) VOC emissions in the United

States by major sector, 1970-2002. Source: EPA 2005c.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

38 State and Federal Standards for Mobile-Source Emissions
Composition of Mobile-Source Emissions

Mobile-source emissions are a complex mixture of gases and parti-
cles. In general, the gas-phase component includes CO, NOy, sulfur
compounds, ammonia, and a vast array of volatile and semivolatile HCs,
although the latter are often associated with particle emissions. There are
some characteristic differences in gas-phase emissions composition be-
tween normal operating gasoline and diesel vehicles. Diesel engines,
which burn a mixture rich with air, emit more NOy per unit activity than
do normal gasoline vehicles. Sulfur is found in the United States in
higher levels in diesel fuel than in gasoline, resulting in higher SO, emis-
sions from these engines. Gasoline-powered engines operating under
nonstoichiometric® conditions, such as at cold start and during idling, as
well as older high-emitting engines are important contributors to mobile-
source CO and organic compounds. Organic compounds typically found
in gas-phase emissions include n, branched, cyclic alkanes and alkenes;
other compounds found are 1,3-butadiene, aldehydes, ethers, ketones,
steranes, hopanes, and aromatic compounds ranging from benzene to
polycyclic aromatic hydrocarbons (PAHs) (Schauer et al. 2002).

Particles in mobile-source exhaust are generally quite small, from
0.001 to 1 um, and are a complex mixture of a high number of com-
pounds. Diesel exhaust is a significant contributor of particles in the ul-
trafine size range. Studies have shown diesel exhaust to include particles
ranging from 0.01 to 0.3 pm, with the most found in the lower end of the
size distribution (Park et al. 2003; Sakurai et al. 2003). The relative con-
tribution of gasoline light-duty vehicles versus diesel heavy-duty vehi-
cles to PM concentrations is an area of active research. A study of PM, s
in Denver, Colorado, found that light-duty vehicles contributed a much
larger fraction of PM, s emissions than did diesel vehicles (Fujita et al.
1998; Norton et al. 1998); however, the Southern California Air Quality
Study found diesel heavy-duty vehicles to be the dominant contributor of
mobile-source-emitted PM, 5 (Schauer et al. 1996).

The particle exhaust mixture includes elemental carbon resulting
from incomplete combustion and organic and other compounds resulting
from chemical reactions between combustion products. A large number
of organic compounds are generated by the combustion of both gasoline
and diesel fuel (see sample compositions in Zielinska et al. 2004; Shah et
al. 2004). The semivolatile fraction of the emissions mixture for both

% Chapter 3 discusses stoichiometric engine operations.
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fuels includes a large number of PAHs containing two to seven rings, as
well as PAHs that include nitrogen, oxygen, and sulfur. Additional semi-
volatile HCs identified included hopanes and steranes, which are consid-
ered signature compounds for lubricating oil used in mobile sources.
Both gasoline and diesel particles may also contain inorganic compounds
and a range of trace metals. Twelve elements—Mg, Al, Si, P, S, Cl, Ca,
Fe, Cu, Zn, Br, and Pb—have been regularly identified in the PM pro-
duced by light-duty vehicles (Gillies and Gertler 2000).

ON-ROAD MOBILE-SOURCE EMISSIONS
On-Road Vehicle Types

Approximately 236 million vehicles were registered in the United
States in 2003 (FHWA 2005). As shown in Figure 2-11, roughly 136
million were passenger cars, 95 million were trucks, and 5 million were
motorcycles. In 2002, roughly 86% of the truck fleet is composed of
light-duty pickups, vans, and sport utility vehicles (SUVs) at a gross ve-
hicle weight (GVW)’ of less than 8,500 Ib; 7.5% comprised heavy-duty
pickups, vans, and SUVs at a GVW of 8,500-10,000 Ib; and 6.5% at a
GVW of greater than 10,000 1b (Davis and Diegel 2004).® Approxi-
mately 1.8 million truck tractors (heavy-duty trucks) and 800,000 buses
were registered in 2003 (FHWA 2005). California registers nearly 13%
of the nation’s vehicles; another 13% are registered in the Northeast
(Maine, Vermont, New Hampshire, Connecticut, Massachusetts, Rhode
Island, New York, and New Jersey) (FHWA 2005).

Passenger cars, as well as light- and heavy-duty pickups, vans, and
SUVs are dominated by spark-ignition gasoline-powered engines. As
described in later sections, passenger cars have historically been certified
to more stringent emissions standards than light-duty pickups, vans, and
SUVs. Because different vehicle classes have different emissions stan-

7 GVW rated by manufacturers is actual weight of the vehicle plus fluids,
passengers, and payload.

For reporting on-road mobile-source emissions, vehicles are categorized by
GVW and are broadly divided by EPA into light-duty and heavy-duty vehicles,
weighing less than 8,500 1b GVW and more than 8,500 1b GVW, respectively.
CARB and EPA also use medium-duty vehicle (MDV) (MDV 8,500-14,000 1b
GVW) and medium-duty passenger vehicle (MDPV) (MDPV §,500-10,000 1b
GVW), respectively to refer to some large pickups and sport utility vehicles.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

40 State and Federal Standards for Mobile-Source Emissions

Other truck, 3

Buses, 1 Motorcycles, 5

Truck tractors, 2

Suv, 28

Vans, 18

Automobiles, 136

Pick-ups, 38

FIGURE 2-11 Number of registered vehicles in various on-road vehicle classes
in 2003. A fraction of pickups, vans, and SUVs in the above figure are heavy-
duty vehicles. Source: FHWA 2005.

dards, the mix of vehicle classes in the fleet plays an important role in
fleet-wide emissions. Figure 2-12 shows how the mix of light-duty vehi-
cles has changed with time. Pickups, vans, and SUVs accounted for only
20% of sales in 1976; sales of those vehicles have steadily increased over
time and accounted for 50% of sales in 2003 (ORNL 2004).

The heaviest classes of trucks are powered predominantly by com-
pression-ignition (diesel) engines. Although those vehicles are a small
fraction of the total fleet, they contribute proportionally more to total
vehicle miles traveled (VMT) and consume more fuel per mile, as shown
in Table 2-3. Trucks greater than 26,000 Ib GVW make up approxi-
mately 3% of the truck fleet, but contribute over 10% of all truck VMT
and over 23% of all truck fuel use (U.S. Census Bureau 1999). A sub-
stantial number of heavy-duty vehicles on U.S. roads are also registered
in other countries, especially Canada and Mexico, and those are not in-
cluded in the reported totals.

Roughly 520,000 vehicles, or 0.2 % of the fleet, in 2002 used alter-
native fuels, such as liquid petroleum gas (LPG), compressed natural
gas (CNGQG), alcohol-gasoline blends, or electricity (battery) (Davis and
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FIGURE 2-12 New light-duty vehicle market share by vehicle class from 1976
to 2002. The small-car category includes minicompact, subcompact, compact,
and two-seater vehicles. Source: ORNL 2004.

Diegel 2004). These vehicles contribute little to the fleetwide emissions,
although the number of hybrid vehicles, combined gasoline and battery
powered, is increasing rapidly. New hybrid vehicle registrations totaled
83,153 in 2004, an increase of 81% over 2003, although this is less than
1% of the 17 million total new vehicles sold in 2004 (Durbin 2005).

On-Road Emissions Estimation
Emissions Modes

Mobile-source emissions are generally characterized as exhaust or
evaporative emissions. Other categories of mobile-source emissions in-
clude tire and brake wear; however, these categories of emissions are not
yet regulated. Exhaust emissions are the products of combustion or in-
complete combustion and include HC, NO,, PM, SO,, CO, and Pb, as
well as greenhouse gases and HAPs. The volume and composition of
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exhaust emissions depend on such factors as engine type and age, engine
load, engine temperature, and quality of maintenance. Exhaust emissions
are further divided into cold-start and running emissions. The former oc-
cur when a vehicle is initially started and the emission-control equipment
has not yet reached a temperature of optimal pollutant removal, as dis-
cussed in Chapter 4.

Evaporative emissions include HCs and some HAPs and are di-
vided into five types:

1. Resting loss: Vapor permeation and leaks from the evapora-
tive emissions control system.

2. Diurnal: Evaporative emissions from idle equipment due to
daily ambient temperature and pressure variations.

3. Running loss: Evaporative emissions during vehicle operation.

4.  Hot soak: Evaporative emissions due to engine heat that per-
sists after the vehicle has stopped operating.

5. Refueling loss: Includes vapors displaced in fuel tanks during
refueling as well as volatilized spilled fuel.

Estimates from CARB’s current statewide inventory indicate that,
on a typical day, the breakdown of light- and medium-duty reactive or-
ganic gas (ROG)’ emissions are 58% from exhaust; 30% from evapora-
tive running losses; 5% from diurnal losses; 5% from hot-soak losses;
and 2% from evaporative resting losses (refueling evaporative emissions
not included in the total) (CARB 2005b). These distributions of emission
types are broadly representative of actual conditions, but as discussed
below, the models used to estimate exhaust and evaporative emissions
include important uncertainties. For example, discrepancies have been
found between data used in emissions models and data used in ambient
measurements of the ratio of evaporative to exhaust emissions (Pierson et
al. 1990, 1999).

Emissions Rates

The standard practice for estimating emissions rates for a source is
to combine an emissions factor (EF) with an activity rate:

? Refer to Appendix A on hydrocarbon classifications
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Emissions (mass/time) =
EF (mass/unit activity) x activity rate (unit activity/time).

Emissions factors for light-duty on-road mobile sources are typi-
cally reported as mass pollutant per distance traveled (for example,
grams of NO,/mile) and emissions standards are developed on such a
basis. Evaporative emissions factors that do not depend on use, such as
hot soak and diurnal evaporative emissions, are reported as mass/trip or
mass/time. For heavy-duty on-road vehicles and nonroad vehicles and
equipment, emissions factors are typically reported as mass pollutant per
unit energy output (kilowatt-hour or brake horsepower-hour'”) and emis-
sions standards are developed on such a basis. Emissions factors are de-
veloped by the MOBILE and EMFAC models described in a later section.

Uncertainty and Variability in Emissions

Emissions vary considerably by vehicle and engine type, driving
speeds, engine loads, fuel formulation, and ambient driving conditions.
There is a great deal of uncertainty in how emissions change as a vehicle
ages (emissions deterioration) and in how the change depends on vehicle
make and model, where the vehicle is located, and maintenance factors.
In-use measurement programs, such as exhaust remote sensing, state-run
inspection and maintenance programs, and tunnel studies, are often used
to characterize real-world emissions from vehicles. These efforts have
confirmed that a small percentage of the fleet from each model year,
called high emitters, contributes disproportional amounts to total emis-
sions (Wayne and Horie 1983; Ashbaugh and Lawson 1991; Stedman et
al. 1994; Bishop et al. 1999, 2000; Popp et al. 1999; Pokharel et al.
2000). (See NRC [2001] for more details on in-use measurements.)
High-emitter vehicles have either been tampered with or have emission-
control systems that have rapidly deteriorated or malfunctioned. Al-
though emissions tend to increase with vehicle age, remote-sensing data
have shown in the past that high emitters from newer model years may
emit as much or more than the majority of older model year vehicles
(Ashbaugh and Lawson 1991; Stedman et al. 1994; Bishop et al. 1999).
A typical number reported in the literature is that approximately 10% of

' Emissions testing for heavy-duty on-road engines is reported in grams per
brake horsepower-hour (g/bhp-hr).
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the light-duty fleet emits 50-60% of the exhaust emissions. Pokharel et
al. (2003) speculate that the combination of more durable components in
newer vehicles and advanced technologies, such as on-board diagnostics,
might be reducing the number of high emitters in newer generations of
vehicles. Variability and uncertainty of vehicle emissions factors, espe-
cially in high-emitting, poorly maintained vehicles, remain important
uncertainties in the estimation of vehicle fleet emissions.

On-Road Vehicle Activity

On-road vehicle activity is typically estimated in units of VMT. A
widely used approach for calculating on-road VMT in urban areas is
travel-demand modeling, which involves estimating the trips on each
road in a transportation network by modeling travel requirements and
preferences of the population. The travel-demand modeling results are
provided by local metropolitan planning agencies. Travel-demand mod-
els can provide VMT for individual road segments by hour or multihour
time periods (for example, a morning peak). Travel-demand models typi-
cally estimate total VMT across all vehicle types; VMT by vehicle type
can then be determined from vehicle registration data in combination
with assumptions about average mileage accumulation by vehicle type
and age. The VMT from travel-demand models can be compared with
estimates derived by traffic counters, thus improving model accuracy.
Still, there is uncertainty in estimates which, in combination with uncer-
tainty in emissions factors, leads to uncertainty in the estimated emissions.

Emissions Modeling

EPA has developed the MOBILE model for estimating on-road
mobile-source emissions in the United States. The model was established
in the 1970s to estimate the variability in vehicle emissions factors across
the fleet. The estimates were then used to estimate changes in emissions
resulting from planned changes in regional transportation.'' MOBILE
has since evolved into a tool to develop emissions inventories ranging
from yearly, nationwide, fleetwide estimates to hourly, roadway level,

" Emissions that result from planned transportation projects may not counter
any emissions reductions that the region requires to improve air quality (also
referred to as conformity requirements).
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vehicle-class-specific estimates. The most recent version, MOBILE6.2,
released by EPA in 2004 (EPA 2003b), models the variation in emissions
factors across roadway type, vehicle type, vehicle age, driving speeds,
ambient conditions, fuel types, and different types of emissions-control
programs.

Vehicle emissions rates are typically estimated as a function of a
zero-mileage, new-car emissions factor and the deterioration of the emis-
sions factor over time. The deterioration rates are determined from statis-
tical analyses of extensive test programs on in-use vehicles and data from
vehicle inspection and maintenance (I/M) programs. Adjustments are
then made for in-use conditions, such as speed (by roadway type), ambi-
ent temperature and humidity, local fuel characteristics and regulations,
and other control programs. These adjustments are typically based on test
data under a broad range of conditions. (See NRC [2000] for a more
complete description of how emissions rates are estimated.)

MOBILE is used to estimate historical emissions factors and future
factors that are expected from possible changes in regulations, such as
changes in vehicle emissions standards, changes in fuel composition, and
I/M programs. California developed a similar model, EMFAC, to esti-
mate on-road mobile-source emissions; the latest version of this model is
EMFAC 2002. Although the EMFAC 2002 and MOBILEG6.2 models are
conceptually similar, there are a number of important differences:

e  EMFAC provides emissions factors (for example, g/mi) as
well as mass emissions (for example, tons/day). Activity estimates for all
mobile emissions sources by county are incorporated into the model.
MOBILE®6.2 estimates emissions factors only; mass emissions are esti-
mated outside the model with activity estimates derived from local data.

e EMFAC models California emissions standards in the Cali-
fornia fleet and uses a larger number of vehicle classes, especially for
later model years for which California’s low-emitting vehicle (LEV)
standards are in place.

e  MOBILES6.2 estimates emissions factors by vehicle class and
roadway type; EMFAC 2002 estimates emissions factors and emissions
by vehicle class but not by roadway type.

. MOBILES®6 estimates ammonia emissions factors and mobile-
source HAPs emissions factors; EMFAC does not.

e  MOBILES6 allows the user to estimate the benefits of equip-
ping fleets with natural gas; EMFAC does not.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

ile Source Emissions

Air Quality, Emissions, and Health Impacts Overview 47
Uncertainties in Emissions Modeling

MOBILE is widely used in air quality management, although
MOBILE and other mobile-source emissions models have important
limitations. Underestimation of mobile-source emissions inventories,
especially for CO and HCs, by a factor of two or more have been de-
scribed (Ingalls 1989; Fujita et al. 1992; see also references in NRC
[1991] and NRC [2000]). NRC (2000) identified several important fleet
features for which test data were either insufficient or not treated ade-
quately in mobile-source emission-estimation models. These features
include the following:

e  Real-world changes in emissions with vehicle age and main-
tenance history compared with accelerated aging typically used in testing
for both older and newer vehicles.

e Emissions factors, activity levels, and population of high-
emitting vehicles and how these vary by vehicle age, model, and geo-
graphic location.

e  Emissions factors for heavy-duty diesel vehicles and nonroad
vehicles.

o  Emissions factors for HAPs and PM from all mobile sources.

The review also found that the lack of data has resulted in poor
evaluation of the MOBILE model’s performance, and that the uncer-
tainty in the model is not quantified or understood adequately (NRC
2000). EPA’s sixth-generation model of MOBILE (MOBILEG®6) is based
on analyses of more data from EPA, CARB, and manufacturer exhaust
and evaporative test programs, as well as data from in-use emissions
measurements. EPA has recently released a draft version of their next
generation of mobile-source model called “motor vehicle emission simu-
lator” (MOVES)."

On-Road Mobile Emissions Inventory
Figures 2-13 and 2-14 show historical trends in on-road mobile CO,

NO,, and VOC (or ROG) emissions by category for the United States
and California, respectively. The figures show substantial reductions in

12 Accessed July 18, 2005, EPA 2005d.
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FIGURE 2-13 Historical trends in mobile-source (a) CO, (b) VOC, and (c)
NO, emissions in the United States by vehicle class, 1970-2002. Source: EPA

2005c.
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FIGURE 2-14 Historical trends in mobile-source (a) CO, (b) NO,, and (c)
ROG emissions in California by vehicle class, 1975-2003 (2004 for ROG).
Source: CARB 2005b,c.
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TABLE 2-4 Percent Change in Annual Emissions from 1980 to 2000
for NOy, VOC, and CO, and Percent Change in Annual Vehicle Miles
Traveled from 1980 to 2000

Emissions National California
NOy 27 % 22 %
VOC -62 % -69 %
CO -53% -65 %
VMT + 80 % + 105 %

Sources: Davis and Diegel 2004 (vehicle miles traveled data); CARB 2005b,
EPA 2005c¢ (emissions data).

on-road light-duty vehicle emissions throughout the nation for all three
pollutants since 1970, reductions that can be attributed to the regulation
and control of emissions from these sources. Total NO, emissions have
declined less than CO and VOC or ROG emissions because of the in-
crease in diesel heavy-duty vehicle emissions resulting from the rapid
increase in heavy-duty vehicle VMT that occurred in this period and
from less stringent regulations compared with light-duty vehicles for
most of this period. The figures highlight how emissions from light-duty
trucks and diesel heavy-duty trucks became a more significant fraction of
the on-road emissions inventories as light-duty vehicle emissions have
been reduced. Table 2-4 shows the percent change in annual on-road
emissions and VMT between 1980 and 2000 in the United States and in
California. The table highlights the significant decreases in on-road
emissions despite increases in vehicle activity. The uncertainties related
to emissions modeling and VMT estimates discussed above apply to
these emissions estimates.

NONROAD MOBILE SOURCES AND EMISSIONS
Nonroad Vehicle and Equipment Types and Emissions Estimation

Nonroad sources comprise a wide variety of vehicles and equip-
ment with many different uses as listed in Table 2-5. Nonroad vehicle
and equipment population and activity are not known as accurately as
they are for on-road vehicles because only some sources, such as recrea-
tional boats and snowmobiles, are registered, and fewer data have been
collected on nonroad source activity. Figure 2-15 shows estimated U.S.
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TABLE 2-5 Nonroad Mobile-Sources Categories

e Agricultural equipment, such as tractors, combines, and balers.
Aircraft, including both jet and internal combustion engines.
Airport ground support equipment, such as terminal tractors.
Commercial and industrial equipment, such as forklifts and sweepers.
Construction and mining equipment, such as graders and backhoes.
Lawn and garden equipment, such as leaf blowers and lawn mowers.
Locomotives and switching and line-haul trains.
Logging equipment, such as shredders and large chain saws.
Pleasure craft, such as powerboats and personal watercraft.
Commercial marine vessels.
Railway maintenance equipment, such as rail straighteners.
Recreational equipment, such as all-terrain vehicles, off-road motorcycles,
and snowmobiles.

e Oil-field and underground-mining equipment, such as mechanical drilling
engines.

Agricultural Commercial
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FIGURE 2-15 National 2002 estimates for nonroad equipment population by
source category (in millions). The total population for all source categories is
approximately 140 million. The basic equation for estimating emissions is the
NONROAD model is the following: Emissions = Pop x Power x LF x A x EF,
where Pop = engine population, Power = average power (hp), LF = load factor
(fraction of available power), A = activity (hr/yr), and EF = emission factor
(g/hp-hr). Source: Data from EPA 2006.
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nonroad populations by equipment type for 2002. The estimates in Fig-
ure 2-15 are from the NONROAD2004 model that EPA used to inven-
tory and estimate emissions from nonroad sources other than aircraft,
locomotive, and commercial marine sources (EPA 2006)."” Equipment
populations and activity data in the NONROAD model are largely based
on proprietary data from Power Systems Research (PSR), a market re-
search company (EPA 2004c). PSR provides national population esti-
mates, and the NONROAD model estimates county populations for each
equipment type by using socioeconomic and other spatial allocation sur-
rogates. Because of the uncertainty in the county population and activity
estimates, EPA encourages state and local agencies to perform surveys,
or use other measures to derive local estimates. Such surveys are costly,
however, and only a few have been performed.

Of the 140 million estimated nonroad engines, 66% are associated
with residential lawn and garden equipment, which are dominated by
small spark-ignition engines. Ninety-five percent of all engines in the
NONROAD model use gasoline, 4% use diesel, and less than 1% use
compressed natural gas (CNG) or liquefied petroleum gas (LPG).

Nonroad Emissions Inventories

As shown in Figure 2-10, nonroad source emissions are an increas-
ing fraction of total emissions of CO, NOy, and VOCs in the United
States. Figures 2-16 and 2-17 show historical trends in nonroad mobile-
source emissions by major category for the United States and California,
respectively. The figures show the diversity of sources that contribute to
the inventories of all three pollutants. Lawn and garden equipment, rec-
reational land, and recreational marine equipment are the three largest
sources of CO and VOC or ROG nonroad inventories nationwide and in
California. In contrast, nonroad NOy emissions are dominated by loco-
motive, commercial marine, construction, and mining equipment. The
figures also show that all three pollutants’ emissions rose until the early
to mid-1990s, owing to limited regulation before 1990, and that reduc-
tions were achieved in California earlier than in the entire nation. The
uncertainties related to emissions and activity estimates discussed in rela-
tion to on-road sources also apply to these emissions estimates.

13 In December 2005, EPA released the final NONROAD2005 model. CARB
uses their OFFROAD model to estimate nonroad emissions in California.
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FIGURE 2-16 Historical trends in nonroad sources of (a) CO, (b) NO,, and (c)
VOC emissions in the United States by equipment class, 1970-2002. Source:

EPA 2005c.
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FIGURE 2-17 Historical trends in nonroad sources of (a) CO, (b) NO,, and (c)
ROG emissions in California by equipment class, 1975-2004. Source: CARB

2005b.
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LINK BETWEEN EMISSIONS AND AIR QUALITY
Factors Influencing Variability in Air Quality

Mixing, transport, chemical reaction, and physical removal of emit-
ted pollutants directly influence the ambient concentrations to which
populations are ultimately exposed. These processes are complex, given
the dynamic nature of the atmosphere and the numerous gas and particle
air pollutants with different physical and chemical properties. They can
also vary significantly from region to region, leading to different ambient
pollution levels in regions that have similar emissions.

Meteorology and topography influence air pollutant concentrations
through effects on vertical mixing, wind speeds, temperature, humidity,
and emissions. Atmospheric inversions occur when the temperature of
the atmosphere increases with altitude, greatly reducing vertical mixing
in the atmosphere. Combined with low wind speeds, inversions prevent
air circulation because colder air is trapped near the ground by warmer
air above. The California South Coast Air Basin, Fairbanks (Alaska), and
Denver (Colorado) are examples of urban areas where vertical and hori-
zontal transport is limited by topography and meteorology (NRC 2003).
Such conditions allow pollutants to accumulate and enhance chemical
and photochemical transformations due to longer residence times of pre-
cursors. In regions with limited ventilation, exceedances of the NAAQS
can occur at emissions concentrations that generally do not lead to
NAAQS exceedances in other regions.

Another phenomenon that can cause regional differences in ambient
air pollution concentrations is the long-range transport of pollutants. The
northeastern United States experiences increased air pollutant concentra-
tions in part because of long-range precursor and pollutant transport from
industrialized regions in the Midwest. Regions affected by long-range
transport of pollutants might need to reduce local emissions to a greater
extent to meet the NAAQS than areas not affected by regional transport.

Spatial and Temporal Variability in Mobile-Source Emissions
In addition to the factors discussed above, variability in emissions
inventories may affect variability in air quality between and within re-

gions. On-road and nonroad mobile sources are significant contributors
to emissions inventories in all major urban areas. Figure 2-18 shows that
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FIGURE 2-18 Representative emissions inventories (tons/day) from areas that
are in nonattainment of the ozone NAAQS, based on 1-hr averaged concentra-
tions. The California South Coast (SC) and Houston (HG) have average daily
inventories. Eastern Massachusetts (EM) and District of Columbia (DC) areas
have “ozone season” daily inventories. See Table 2-2 for definitions of emis-
sion-source categories in legend. Sources: MADEP 2002; TNRCC 2002;
MWCG 2003; SCAQMP 2003.

the fraction of total emissions due to mobile sources varies significantly
from region to region. For the four regions reported in the Figure, the
fraction of total emissions due to mobile sources ranges from 45% to
65% for VOCs and 45% to 89% for NOy. Factors influencing regional
differences in mobile emissions include population, activity patterns,
regional characteristics of the fleet (the distribution of vehicle types and
ages), and control programs in place.

The spatial variation of some primary pollutants within a single re-
gion can follow the spatial pattern of emissions, including mobile-source
emissions. Figure 2-19 shows how CO, black carbon (similar to elemen-
tal carbon), and particle number vary in close proximity to a major high-
way (Zhu et al. 2002). Such primary pollutants emitted from motor vehi-
cles will not have uniform concentrations across a region, and spots with
higher concentrations of ambient pollutants can occur at discrete loca-
tions. These locations often are in places with high vehicle traffic, al-
though topographical and meteorological conditions also play a role.

Mobile-source emissions also vary by day of week and throughout
the day, which influences ambient concentrations of primary pollutants,
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FIGURE 2-19 Total particle number, black carbon (similar to elemental car-
bon), and CO concentrations versus downwind distance from a freeway. Source:
Zhu et al. 2002. Reprinted with permission; copyright 2002, Air & Waste Man-
agement Association.

such as CO, and secondary pollutants, such as ground-level ozone. In
areas influenced by commuter traffic, emissions from light-duty vehicles
typically peak during the morning and afternoon rush hours. Minimal
ozone concentrations in urban areas on weekday mornings are common
and are attributed to commuter traffic NO emissions that chemically re-
move ozone, as described previously. Ozone has also been observed to
be as high or higher on weekend days than on weekdays in some urban
areas, which is known as the weekend ozone effect. (See recent review
by Heuss et al. [2003], and analyses by Pun et al. 2003, and Fujita et al.
[2003], Blanchard and Tanenbaum [2003, 2005]). These analyses have
also found that NOy and, in some cases, CO concentrations are signifi-
cantly lower on weekends than weekdays. One explanation for reduced
precursor concentrations on weekends is reduced emissions on week-
ends, particularly mobile-source NO; (Chinkin et al. 2003). Because NOy
can result in both ozone formation and removal as well as secondary PM
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formation, there is some debate as to the effectiveness of NO, emissions
reduction for ozone and PM control (Croes et al. 2003; Lawson 2003).

HAZARDOUS AIR POLLUTANTS

HAPs (also called air toxics) are compounds or compound groups
that may cause serious health effects, even at low concentrations. Unlike
criteria pollutants, HAPs do not have NAAQS. In the 1990 CAA, Con-
gress mandated that EPA regulate a list of approximately 190 HAPs. The
CAA amendments further direct EPA to assess the need and feasibility
for emissions standards of HAPs from mobile sources and to regulate
these emissions as necessary (CAA section 202(1)). In 2001, EPA issued
a rule that identifies 21 HAPs associated with mobile sources, including
benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and total PM from
diesel exhaust. The EPA rule projects that current mobile emissions
standards and fuel formulations that address criteria pollutants are suffi-
cient mitigation strategies for HAPs. Thus, there are no separate federal
standards for mobile-source HAPs; however, reducing HAP benefits
regulation of criteria pollutants and their precursor emissions from mo-
bile sources. Ambient concentrations of HAPs have not been monitored
for as long as criteria pollutants. Ambient concentrations of benzene, an
important mobile-source HAP, from 95 urban locations decreased by
47% on average from 1994 to 2000 (EPA 2003a). It should be noted that
indoor sources also contribute to exposure of some HAPs.

AIR QUALITY HEALTH EFFECTS FROM
EXPOSURE TO MOBILE SOURCES

Effects on health resulting from exposure to air pollutants depend
on a large number of variables, including the contaminants present dur-
ing the exposure, the toxicity of the contaminants, their concentrations
and durations of exposure, the dose, and the health status of the person
exposed. Exposure to mobile-source air pollutants typically occurs
within the context of exposure to a host of air pollutants from a host of
sources, and health effects are probably due to exposure to the mixture
and not to any one contaminant or source. However, health effects re-
lated to exposure to several key constituents of the mobile-source emis-
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sions mixture are well understood. There also is research correlating air
pollution health impacts to proximity to major roadways, although an
assessment of the research is beyond the scope of this committee.

Carbon Monoxide

The toxic properties of CO have been extensively characterized and
are directly related to the ability of CO to competitively bind to the heme
group of hemoglobin. The binding mechanism of CO is identical to that
of O,, but the affinity of CO for heme is 234 times as great as that of O,.
As a result, when CO is present, it is more likely to bind and remain at-
tached to hemoglobin, creating the potential for hypoxia if the concentra-
tions are high enough (Townsend and Maynard 2002). The acute toxic
effects of CO are well known and range from headache and shortness of
breath at low percentage of hemoglobin bound to CO (%COHD) to death
when the %COHb reaches 50% to 90%. Typical ambient concentrations
of CO generally do not produce acute toxic effects; however, in the
NAAQS nonattainment area of Southern California, a relationship be-
tween chronic exposure to CO and birth outcomes was reported (Ritz et
al. 2002). CO at ambient concentrations is also hypothesized to affect the
health of persons suffering from cardiovascular disease. For persons with
preexisting heart disease, exposure to CO at low concentrations has been
shown to have an impact on cardiac function (Allred et al. 1989). Al-
though the evidence is inconsistent, studies of the relationship between
exposure to ambient air pollutants and cardiovascular disease have sug-
gested an association between some outcomes and CO (Morris et al.
1995; Schwartz and Morris 1995).

CO is unique among the criteria air pollutants because of its signifi-
cance for both ambient air quality management and public safety. Out-
door exposures to CO at very high and lethal concentrations were re-
ported from motor boat exhaust (CDC 2004), and from farm equipment
(CDC 1997). Control of CO through new-vehicle emissions standards
has had a significant collateral public-safety benefit through the reduc-
tion of accidental CO poisoning (Cobb and Etzel 1991; Shelef 1994;
Marr et al. 1998). For example, Mott et al. (2002) discussed how expo-
sure to motor vehicle CO emissions results in a substantial number of ac-
cidental deaths and estimates the number of accidental CO poisonings that
have been prevented as a result of more stringent CO emissions standards.
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Ocxides of Nitrogen

Evidence for health effects associated with exposure to NO, re-
mains inconclusive. The health effects of exposure to NOy are largely
related to exacerbation of symptoms of respiratory disease. Short-term
exposures (for example, less than 3 hr) to low concentrations of NO,
might result in changes in airway responsiveness and lung function in
persons with preexisting respiratory illnesses. Such exposures might also
increase respiratory illnesses in children. Long-term exposures to NO,
might result in increased susceptibility to respiratory infection and might
cause irreversible alterations in lung structure (EPA 2004d).

Hydrocarbons

A broad range of VOCs have been identified in both diesel and
gasoline emissions. Individual VOCs found in the emissions mixture are
themselves toxic. Although health effects of exposure to the entire mix-
ture have not been characterized, the toxicities of many of the compo-
nents of the mixture are well understood. The health effects of a few mo-
bile-source organic compounds that are considered HAPs are described
below.

1,3 Butadiene

1,3-Butadiene is generated by incomplete combustion of gasoline
and diesel fuel. Butadiene is a mildly irritating gas that can cause neuro-
logical symptoms at high exposure concentrations. Epidemiological stud-
ies of workers exposed to butadiene in rubber plants found an increased
risk for cardiovascular disease (ATSDR 1993). Animal studies found
developmental and reproductive effects related to inhalation exposure
(EPA 2002a). Butadiene exposures were also associated with the devel-
opment of leukemia and other lymphomas in both epidemiological and
animal studies, and EPA has classified butadiene as a human carcinogen
(EPA 2002a).
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Benzene

Both on-road and nonroad gasoline-powered mobile sources con-
tribute benzene to the ambient air. Benzene is a known human carcino-
gen and is associated with the development of leukemia. Neurological
symptoms of inhalation exposure to benzene include drowsiness, dizzi-
ness, headaches, and unconsciousness in humans (EPA 2005¢).

Formaldehyde

Formaldehyde is a nearly colorless gas with a pungent, irritating
odor even at concentrations below 1 ppm. Formaldehyde is an eye, skin,
and respiratory tract irritant. Inhalation of vapors can produce narrowing
of the bronchi and an accumulation of fluid in the lungs. The systemic
effects of formaldehyde may include metabolic acidosis, circulatory
shock, respiratory insufficiency, and acute renal failure. Formaldehyde is
a potent sensitizer at high concentrations and a probable human carcino-
gen (ATSDR 2004).

Benzo(a)pyrene

Acute effects of benzo(a)pyrene at increased concentrations poten-
tially include red-blood cell damage, resulting in anemia and a sup-
pressed immune system. Long-term exposure to benzo(a)pyrene might
result in developmental and reproductive effects. It was classified as a
carcinogen by the International Association of Cancer Research (IARC
1973).

Particulate Matter

Epidemiological studies over the last several years consistently
demonstrated a statistical relationship between exposure to particles and
cardiopulmonary morbidity and mortality (Pope et al. 1991; Dockery et
al. 1993; Samet et al. 2000; Pope et al. 2002; Metzger et al. 2004). Toxi-
cological studies exploring specific mechanisms of injury from exposure
to PM supported the epidemiological findings (Ghio et al. 2000; Framp-
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ton et al. 2002; Utell et al. 2002; Devlin et al. 2003). For persons suffer-
ing from chronic obstructive pulmonary disease (COPD), which includes
chronic bronchitis, emphysema, and some cases of chronic asthma, expo-
sure to PM can induce inflammatory responses resulting in exacerbation
of symptoms. Adverse physiological effects in individuals diagnosed
with cardiovascular disease have been associated with increased PM ex-
posure. These effects include increased blood pressure, cardiac arrhyth-
mias, increased oxidative stress and inflammation, and progression of
atherosclerosis. Pope et al. (2002) also found a statistically significant
increase in the risk of developing lung cancer associated with exposure
to particulate air pollution.

Studies examining health effects related to exposure to PM from
mobile sources have primarily focused on diesel exhaust. Diesel exhaust,
which includes hundreds of organic compounds and includes particles in
the ultrafine size range, was designated as probable human carcinogen by
IARC (1989) and EPA (2003c). Some studies suggested that ultrafine
particles, which do not contribute substantially to the total particle mass,
might carry a greater risk per weight than particles of other sizes (HEI
2002). Several specific components of mobile-source particles were
shown to be toxic. A large number of polycyclic aromatic hydrocarbons
(PAHs) have been identified in the exhaust of both diesel- and gasoline-
powered vehicles, including benzo(a)pyrene. Additional carcinogenic
compounds, such as dioxins, have also been identified in the exhaust
stream from both diesel and gasoline vehicles. Measurements of TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin) ranged from about 2 picograms
(pg) of toxicity equivalent quotient per kilometer (TEQ/km) to 5,100 pg
TEQ/km for a diesel light-duty vehicle (HEI 2002). A recent study of
exhaust particles plus semi-VOCs showed no difference in the toxicity of
gasoline and diesel exhaust from light-duty vehicles, and more potent on
an equivalent mass basis from high-emitter vehicles than normal emitters
(Seagrave et al. 2002).

Ozone

Although ozone is not a component of mobile-source emissions,
components of the emission mixture result in the formation of ozone.
Ozone is the product of photochemical processes involving VOCs and
NOy, and is formed in greatest abundance during summer months when
sunlight is strongest. Ozone is a known respiratory irritant and can cause
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inflammation of the airways resulting in breathing restrictions. For per-
sons suffering from respiratory illnesses, such as COPD and asthma, ex-
posure to ozone can be especially problematic. Significant association
between daily variations in ambient ozone concentrations and adverse
health outcomes, such as lung function decrements, aggravation of pre-
existing disease, increases in hospital admissions and emergency room
visits for respiratory symptoms, and increases in mortality have been
found by a large number of epidemiological studies (Thurston and Ito
1999). A recent study has also found an association between short-term
changes in ozone and short-term mortality for 95 large urban areas in the
United States, although the potential for statistical confounders is a con-
cern (Bell et al. 2004).

CONCLUSIONS

Substantial progress has been made over the past few decades in
reducing air pollutant emissions from many sources, including mobile
sources. However, some locations in the Unites States continue to ex-
perience ambient concentrations of criteria pollutants above the NAAQS.
Further improvements in air quality will be needed, particularly to attain
the recently adopted standards for fine particulate matter and ozone. Evi-
dence presented in the chapter suggests that mobile-source emissions
contribute to poor air quality and have important health effects. The fol-
lowing conclusions are drawn based on the evidence:

. Mobile sources, both on-road and nonroad, are major sources
of precursors for ground-level ozone and PM,s. Estimates of emissions
suggest that mobile-source emissions are composed of approximately
50% anthropogenic NOy and VOC emissions inventories and approxi-
mately 75% anthropogenic CO inventories. On-road light-duty vehicles
are still the largest contributor to total mobile emissions, even though
their emissions have been decreasing despite increases in vehicle activ-
ity. Nonroad emissions have remained relatively constant since 1970. As
a result, the relative amount of nonroad to on-road emissions has been
increasing over this period.

e  There are many uncertainties in the methods and data used to
estimate mobile- source emissions and thus in the estimates themselves.
The technical, research, and regulatory community continue to fill data
gaps, thereby improving the methods.
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o  The contribution of mobile-source emissions to air pollution
varies from area to area. Ambient concentrations of pollutants depend on
several factors, such as the relative mix of sources, the extent of pollutant
transport, the meteorology, and the topography of the area. The result is
that different levels of controls on mobile and nonmobile sources are
typically required for different areas in the Unites States.
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Regulation of Emissions
from New Mobile Sources

The federal Clean Air Act (CAA) makes state and the federal gov-
ernments partners in regulating air pollution. The CAA explicitly re-
quires that control of air pollution be primarily the responsibility of states
and local governments (CAA § 101(a)(3) [1990], 42 USC § 7401(a)(3)
[2005]). To that end, section 116 of the act affirms the general authority
of states to adopt or enforce (1) any standard or limitation of air pollutant
emissions or (2) any requirement related to the control or abatement of
air pollution. An exception to the presumption in favor of state authority
to meet federal standards in section 116 is for state regulation of emis-
sions from new' mobile sources. Thus, in contrast to federally mandated
state control over stationary sources, regulation of new mobile-source
emissions has been principally a federal project (Engine Mfrs. Ass’n v.
EPA, 88 F.3d 1075, 1079 [D.C. Cir. 1996]). There is one important ex-
ception—the ability of California to set separate standards. This chapter
describes how the federal government and California set emissions stan-
dards for new mobile sources and how the emissions reductions from
those standards are incorporated into air quality management.

' The term “new mobile sources” is used throughout the report to refer to
newly manufactured sources not yet in use by the consumer.

65
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THE EVOLUTION OF THE
EXISTING STATUTORY FRAMEWORK

Motor Vehicle Air Pollution Control Act of 1965

Congress first addressed the need for emissions controls for motor
vehicles in the Motor Vehicle Air Pollution Control Act of 1965 (Pub. L.
No. 89-272, § 202(a), 79 Stat. 992, [1965]). This act includes section 202
that authorized the federal government to set “standards, applicable to
the emission of any kind of substance, from any class or classes of new
motor vehicles or new motor vehicle engines.” Congress delegated this
new standard-setting authority to the U.S. Department of Health, Educa-
tion, and Welfare (HEW). (The U.S. Environmental Protection Agency
[EPA] would not be established until 1970, 5 years later). Congress’s
provision for national emissions standards was based primarily on testi-
mony by the assistant secretary of HEW about the potential problems that
would be created for vehicle manufacturers by divergent state standards:

The problem of automobile exhaust cannot be solved on a lo-
cal or State basis. I would think, if I were in the automobile
manufacturing business, that is absolutely the last thing I
would hope to see happen where Delaware would pass this
kind of legislation, and the District of Columbia this, and
Maryland that, and Pennsylvania something else. You would
go out of your mind, if you were trying to design devices or
engines to meet these varying standards (Hearings before the
Subcommittee on Air and Water Pollution of the Senate
Comm. on Public Works, 89th Cong., 1st Sess. 33 [1965]; tes-
timony of James M. Quigley, Assistant Secretary of HEW.)

Clean Air Act of 1967

Congress revisited the issue 2 years later in 1967. In congressional
hearings, evidence was presented that California had adopted its own
state vehicle emissions standards and that several other states were in the
process of following California’s lead and preparing to adopt their own
state standards (Air Pollution—1967 [Automotive Air Pollution]: Hear-
ings before the Subcommittee on Air and Water Pollution of the Senate
Comm. on Public Works, 90th Cong., 1st Sess. 395-399 [1967]; NCAPC
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1967; Currie 1970). Motor vehicle manufacturers argued that the nature
of their manufacturing required a single national standard to eliminate
undue economic strain on the automobile industry (S. Rep. No. 403, 90th
Cong., 1st Sess. 33 [1967]). HEW testified that divergent state standards
would ultimately result in confusion and called upon Congress to explic-
itly preempt state vehicle emissions standards (Air Pollution—1967
[Automotive Air Pollution]: Hearings before the Subcommittee on Air
and Water Pollution of the Senate Comm. on Public Works, 90th Cong.,
Ist Sess. 107 [1967]; testimony of Dean Coston, Deputy Undersecretary
of HEW). Both chambers of Congress concurred. The Senate found that
divergent state standards would result in economic disruption and in-
creased costs to consumers (S. Rep. No. 403, 90th Cong., 1st Sess. 33
[1967]). The House elaborated that the nature of motor vehicle manufac-
turing required the consistency and certainty that could only be provided
by uniform federal standards:

The manufacture of automobiles is a complex matter, requir-
ing decisions to be made far in advance of their actual execu-
tion. The ability of those engaged in the manufacture of auto-
mobiles to obtain clear and consistent answers concerning
emission controls and standards is of considerable importance
so as to permit economies in production (H.R. Rep. No. 728,
90th Cong., 1st Sess. 21 [1967]).

On the basis of these findings, Congress explicitly preempted states
from adopting or enforcing new motor vehicle emission standards in the
CAA of 1967 (Pub. L. No. 90-148, § 208, 81 Stat. 485, 501 [1967]). This
preemption provision remains in effect today as section 209(a) of the
CAA, which provides the following:

No State or any political subdivision thereof shall adopt or at-
tempt to enforce any standard relating to the control of emis-
sions from new motor vehicles or new motor vehicle engines
subject to this part (42 USC § 7543(a)[2003]).

Appendix D provides the complete text of section 209.

Although the initial congressional discussions in 1967 favored pre-
empting new motor vehicle emissions standards in all 50 states, the Cali-
fornia congressional delegation successfully persuaded their House and
Senate colleagues to make a special exception for California because of
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its pollution problems and pioneering efforts in regulating vehicle emis-
sions. Congress concluded that “although the situation may change, in
the 15 years that auto emission standards have been debated and dis-
cussed, only the State of California has demonstrated compelling and
extraordinary circumstances sufficiently different from the Nation as a
whole to justify standards on automobile emissions which may, from
time to time, need to be more stringent than national standards” (S. Rep.
No. 403, 90th Cong., 1st Sess. 33 [1967]). Moreover, California had be-
gun regulating emissions from motor vehicles in 1957, almost a decade
before the federal government began developing a national program.
House of Representative John E. Moss stated that continuation of those
“pioneering” efforts “offer a unique laboratory, with all the resources
necessary, to develop effective control devices which can become a part
of the resources of this Nation ...” (113 Cong. Rec. 30975 [1967]).

The legislation eventually adopted by Congress in 1967 included a
compromise provision that directed the secretary of HEW to waive the
preemption of state standards, provided the conditions specified in sec-
tion 209(b) of the statute are met (discussed below), for “any State which
has adopted standards (other than crankcase emission standards) for the
control of emissions from new motor vehicles or new motor vehicle en-
gines prior to March 30, 1966” (Pub. L. No. 90-148, § 208(b), 81 Stat.
501). California was the only state to have adopted in final form such
standards by March 30, 1966, thus being the only state to have the pre-
emption exclusion purposely applied. Congress noted that the conditional
exception for California was an acceptable compromise that maintains
“that State's right to set more stringent standards to meet peculiar local
conditions,” while “the industry, confronted with only one potential
variation, will be able to minimize economic disruption and therefore
provide emission control systems at lower costs to the people of the Na-
tion” (S. Rep. No. 403 at 33 [1969]). Moreover, according to Senator
George Murphy, this compromise would permit California to “act as a
testing agent for various types of control and the country as a whole will
be a beneficiary of this research” (113 Cong. Rec. 32478 [1967]). Thus,
as described by the nation’s second highest court, Congress intended
California to “act as a kind of laboratory for innovation” for mobile-
source emissions control (Motor & Eqpt. Mfrs. Assn v. EPA, 627 F.2d
1095 [D.C. Cir. 1979)).
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Clean Air Act Amendments of 1977

In 1970, Congress enacted the basic framework of today’s CAA
and kept in place the preemption of state motor vehicle emissions stan-
dards adopted in 1967 and the conditional exemption of California. Al-
though the 1970 amendments enacted some tough new emissions stan-
dards for light-duty vehicles, which will be discussed in other sections in
the report, it did not alter the preemption requirements. In 1977, when
Congress next revisited the CAA it again retained the general structure of
preempting state standards and reaffirmed the special exemption for
California. As Congress explained, “California was afforded special
status due to that State’s pioneering role in regulating automobile-related
emissions, which pre-dated the Federal effort. In addition, California’s
air pollution problem was then, and still appears to be, among the most
pervasive and acute in the Nation” (H.R. Rep. No. 294, 95th Cong., 1st
Sess. 301 [1977)).

Protectiveness Requirements

Congress made two important changes in 1977 in the mobile-source
preemption scheme. First, Congress revised the criteria for a federal
waiver of vehicle emissions standards for California, which were now
administered by EPA, to require that the California standards be at least
as protective as the applicable federal standards in the aggregate. In the
original version of the waiver provisions adopted in 1967, Congress had
required every California standard to be at least as protective as the
equivalent federal standard. By 1977, however, Congress recognized that
there were trade-offs in regulating emissions of different pollutants and
that more stringent standards for one pollutant could necessitate less
stringent standards for another pollutant (H.R. Rep. No. 294, 95th Cong.,
Ist Sess. 302 [1977]). Requiring the protectiveness of the California
standards to be evaluated as a package permitted California “to weigh the
degree of health hazards from various pollutants and the degree of emis-
sion reduction achievable for various pollutants with various emission
control technologies and standards” (H.R. Rep. No. 294, 23 [1977]).

The revised waiver criteria, as amended in 1977, are now codified
in section 209(b) of the CAA and provide the following:
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The Administrator shall, after notice and opportunity for pub-
lic hearing, waive application of this section to any State
which has adopted standards (other than crankcase emission
standards) for the control of emissions from new motor vehi-
cles or new motor vehicle engines prior to March 30, 1966, if
the State determines that the State standards will be, in the ag-
gregate, at least as protective of public health and welfare as
applicable Federal standards. No such waiver shall be granted
if the Administrator finds that—

(A) the determination of the State is arbitrary and capricious,

(B) such State does not need such State standards to meet
compelling and extraordinary conditions, or

(C) such state standards and accompanying enforcement pro-
cedures are not consistent with section 202(a) of this part.

The House Committee on Interstate and Foreign Commerce that
drafted this amendment relaxing the California waiver criteria stated that
the amendment was “intended to ratify and strengthen the California
waiver provision and to affirm the underlying intent of that provision,
i.e., to afford California the broadest possible discretion in selecting the
best means to protect the health of its citizens and the public welfare”
(H.R. Rep. No. 294, 301-302 [1977]). The House committee also made
clear that EPA was to be highly deferential in reviewing California’s
waiver requests:

The Administrator ... is not to overturn California’s judgment
lightly. Nor is he to substitute his judgment for that of the
State. There must be clear and compelling evidence that the
State acted unreasonably in evaluating the relative risks of
various pollutants in light of the air quality, topography, pho-
tochemistry, and climate in that State, before EPA may deny a
waiver (H.R. Rep. No. 294, 302 [1977]).

Adoption of California Standards by Other States
An even more fundamental change adopted by Congress in 1977

was a decision to allow other states to adopt the California standards.
This amendment was one of several adopted by Congress in 1977 to pro-
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vide a greater role and greater assistance for state and local governments
in the administration of the CAA. Many states were having difficulty
coming into compliance with the National Ambient Air Quality Stan-
dards (NAAQS) by the statutory deadlines and called upon Congress to
give them greater flexibility to reduce emissions to meet the ambient
standards, including the right to adopt the cleaner California vehicle
emissions standards (H.R. Rep. No. 294, 309-310 [1977]). Congress ex-
pressed concern that the preemption provisions of section 209(a) were
unduly restricting the capability of non-California states to obtain emis-
sions reductions from new motor vehicles, which contributed to their
inability to meet the NAAQS. As the House committee stated in 1977,

The Committee is concerned that this preemption (section
209(a) of the Act) now interferes with legitimate policy pow-
ers of States, prevents effective protection of public health,
limits economic growth and employment opportunities in
nonattainment areas for automotive pollutants, and unduly sti-
fles enforcement of present federal emission standards (H.R.
Rep. No. 294, 309 [1977)).

Congress responded by enacting section 177 of the CAA 1977
amendments, which provided the following:

Notwithstanding section 209(a), any State which has plan
provisions approved under this part may adopt and enforce for
any model year standards relating to control of emissions from
new motor vehicles or new motor vehicle engines and take
such other actions as are referred to in section 209(a) respect-
ing such vehicles if—

(1) such standards are identical to the California standards
for which a waiver has been granted for such model year,
and

(2) California and such state adopt such standards at least
two years before commencement of such model year (as
determined by regulations of the Administrator).

Appendix D provides the complete text of section 177.

Although Congress gave states new authority to adopt and enforce
the California standards, it emphasized that the concerns that motivated
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the general preemption of state vehicle emissions standards remained
valid. Thus, the House Committee on Interstate and Foreign Commerce,
which originally drafted and proposed the language that became section
177, stated,

In 1967 amendments to the Clean Air Act, Congress pre-
empted States other than California from establishing or
enforcing new motor vehicle emission standards or test proce-
dures. Congress' concern at that time was that vehicle manu-
facturers not be subject to 50 different sets of requirements
relating to emission controls which would unduly burden in-
terstate commerce. In the Committee's view, that concern re-
mains a valid one today (H.R. Rep. No. 294 309 [1977]).

Similarly, in the Senate, the chief sponsor of the 1977 amendments to the
CAA, Senator Edmund Muskie, stated,

Congress recognized in 1965 that, as a national industry,
automobiles required national emission regulation. Except for
California, which is unique both from a product distribution
and an air pollution point of view, the argument in 1967 for
preemptive national standards was defensible. The underlying
principle of national emission standards was, and should con-
tinue to be, that those national standards would be adequate to
achieve health-related air quality standards in the areas with
the most difficult problems. Statutory standards established in
1970 reflected that policy. This legislation continues that pol-
icy (Senate Debate on S. 252 [June 8, 1977] reprinted in 1977
Legis. Hist., 741).

To avoid imposing undue burdens on vehicle manufacturers, Con-
gress imposed “strict limits” on the authority of states to adopt the Cali-
fornia new motor vehicle emissions standards under section 177 (H.R.
Rep. No. 294, 310 [1977]). The most important of the restrictions was
that the California standards adopted by states must be “identical” to the
California standards, a point repeatedly emphasized in the legislative
history (Joint Explanatory Statement of the Committee of Conference,
reprinted in 1977 Legis. Hist., 536; H.R. Rep. No. 294, 310 [1977]). By
ensuring that other states adopted and enforced only standards identical
to California’s, Congress concluded that the new state authority under
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section 177 “should not place an undue burden on vehicle manufacturers
who will be required, in any event, to produce vehicles meeting the Cali-
fornia standards for sale in California” (H.R. Rep. No. 294, 310 [1977]).

Congress also specified that the use of the new state authority un-
der section 177 was discretionary and that the states were not obligated
to use this authority, nor could EPA mandate that a state exercise its sec-
tion 177 authority to adopt the California standards. Thus, the House
committee specified that it “intends these provisions as grants of author-
ity to the States. They are not intended as requirements” (H.R. Rep. No.
294, 311 [1977]). The committee also prohibited EPA from requiring
states to adopt California standards under section 177 (H.R. Rep. No.
294,311 [1977)).

Clean Air Act Amendments of 1990
Third-Vehicle Prohibition

The most recent comprehensive amendments to the CAA were in
1990. Although the basic preemption framework of section 177 was re-
tained, some conditions for adoption of California emission standards
were added. Section 177 was amended by adding the following provision
to its existing language:

Nothing in this section or in title II of this Act shall be con-
strued as authorizing any such State to prohibit or limit, di-
rectly or indirectly, the manufacture or sale of a new motor
vehicle or motor vehicle engine that is certified in California
as meeting California standards, or to take any action of any
kind to create, or have the effect of creating, a motor vehicle
or motor vehicle engine different than a motor vehicle or en-
gine certified in California under California standards (a ‘third
vehicle’) or otherwise create such a ‘third vehicle’ (Pub. L.
No. 101-549, § 232, 104 Stat. 2399, 2529 [1990]).

This provision was added by the Conference Committee late in the
process and was not included in the original bills passed by the House or
Senate, nor was it considered or explained by either the relevant House
or Senate committees. The conference committee explained that it was
adopting additional restrictions in section 177 “to make plain that States
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exercising this section 177 option may not, in such adoption and en-
forcement, create a ‘third vehicle’ that is not a California vehicle or a 49-
state Federal vehicle, because of the burden it would place on the motor
vehicle manufacturers” (H.R. Conf. Rep. No. 952, 101st Sess., 2d Sess.
337 [1990])).

Nonroad Preemptions

In the 1990 amendments, Congress also enacted a revised section
209(e), which addresses state preemption of emissions regulations for
nonroad engines. Before the 1990 amendments, nonroad engines were
largely unregulated by EPA or the states (42 USC § 7543(e) [2003]). The
1990 amendments require EPA to study emissions from nonroad vehicles
and, if certain statutory criteria are met, to proceed with promulgating
emissions standards for such sources (42 USC § 7547 [2003]). Congress
also enacted a new preemption provision in section 209(e) for nonroad
engines that differs in important ways from the preemption of on-road
mobile sources in section 209(a). For example, in section 209(e)(1),
Congress explicitly preempts states, including California, from regulat-
ing emissions from two specific categories of nonroad sources: engines
smaller than 175 horsepower (hp) used in construction or agriculture and
new engines used in locomotives. For other nonroad sources, section
209(e)(2) implicitly preempts state emissions standards by requiring EPA
to provide a preemption waiver for California standards and other emis-
sions requirements similar to the waiver provided for motor vehicle
emissions standards under section 209(b). Legislation was passed in
2003 that explicitly preempts states except California from adopting
separate emissions standards for spark-ignition engines smaller than 50
hp, such as those used in lawn and garden equipment. California main-
tains its ability to set standards for these engines, but other states may not
adopt California’s standards. The complete text of this legislation is pro-
vided in Appendix D.

Another difference is that section 209(a) preempts “standards relat-
ing to the control of emissions from new motor vehicles,” section 209(e)
preempts any state or local “standard or other requirement relating to the
control of emissions from non-road sources” (emphasis added) (42 USC
§ 7543(e)(2) [2003]). Just as section 177 permits non-California states to
adopt new motor vehicle emissions standards “identical” to California’s,
section 209(e)(2)(B) allows other states to adopt and enforce California
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regulations for nonroad emissions but with two differences. First, al-
though the “identicality” (identical-standard) requirement of section 177
applies only to standards, implementation, and enforcement are explicitly
required to be identical to California’s for nonroad emissions (42 USC §
7543(e)(2)(B)(i) [2003]). Second, unlike section 177, a state choosing to
adopt California’s standards for nonroad sources must notify the EPA
administrator of its decision, although EPA still has no approval role in
the adoption of the state standards (42 USC § 7543(e)(2)(B) [2003]).

ADMINISTRATIVE AND JUDICIAL INTERPRETATIONS

Congress is the ultimate decision maker on the preemption of state
standards and, as discussed above, has enacted and fine-tuned the federal
framework for preemption of state mobile-source emissions standards.
Over the years, Congress has not directly addressed several issues that
have arisen about the scope and limits of the federal preemption. EPA,
the federal agency charged by Congress to administer the CAA, and the
federal courts have had to resolve those issues based on their interpreta-
tion of congressional intent. Some of the more important of these admin-
istrative and judicial rulings are summarized below.

The Scope of Preemption under
Section 209(a) of the 1990 CAA Amendment

The preemption of state mobile-source emissions in section 209(a)
has been described by the courts as the cornerstone of the CAA’s regula-
tion of mobile-source emissions (Motor Vehicle Mfrs. Ass’n v. NY Dept.
Envtl. Conservation, 17 F.3d 521, 526 [2d Cir. 1994]; Engine Mfts.
Ass’n v. EPA, 88 F.3d 1075, 1079 [D.C. Cir. 1996]). Consistent with that
understanding, the courts have generally construed the scope of the pre-
emption in section 209(a) broadly. However, the courts have also recog-
nized that the federal preemption provisions detailed in sections 177 and
209 represent an attempt by Congress to balance the interests of states to
attain healthful air and the interests of vehicle manufacturers and their
customers from being unduly burdened by a patchwork of divergent state
and local standards. According to the District Court Circuit, “Rather than
being faced with 51 different standards, as they had feared, or with only
one as they had sought, manufacturers must cope with two regulatory

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

76 State and Federal Standards for Mobile-Source Emissions

standards under the legislative compromise embodied in section 209(a)”
(Engine Mfrs. Ass’n v. EPA, 88 F.3d 1075, 1080 [D.C. Cir. 1996]). Fi-
nally, the First Circuit Court of Appeals likewise noted “Both the statu-
tory language and the legislative history suggest that section 177 was the
result of a compromise between the competing interests of the states and
the automakers, giving states greater flexibility in dealing with the con-
trol of emissions without overburdening automakers with too many sepa-
rate emissions-control standards” (American Auto. Mfrs. Ass’n v. Mass.
Dept. Envtl. Protection [1* Cir. 1998]).

Is the Zero Emissions Vehicle Mandate an Emissions Standard?

One major dispute in applying the preemption provisions is whether
state regulations that require a percentage of a given manufacturer’s sales
fleet to meet specified emissions levels are “standards relating to the con-
trol of emissions” that are preempted by section 209(a). Examples in-
clude the California zero-emission vehicle (ZEV) mandate, which re-
quires a specified percentage of a manufacturer’s fleet to be certified to
the ZEV standard, and the California nonmethane organic gas (NMOG)
fleet average, which requires a manufacturer’s total volume of vehicles
sold in the state in a given year to meet an overall and declining average
hydrocarbon emission concentration. EPA initially took the position in
1993 that the ZEV mandate was not a standard under sections 209 and
177, because it did not directly limit emissions but rather limited the
“flexibility otherwise accorded manufacturers to choose the mix of vehi-
cles produced to meet the NMOG fleet average requirement” (Reilly
1993). One year later, EPA changed its position on the basis of its find-
ings that the ZEV mandate directly resulted in some reductions of evapo-
rative emissions and nitrogen oxides (NOy) that were not accounted for
by the NMOG fleet average (59 Fed. Reg. 48664, 48691 [1994]). In
1999, EPA advanced a firm position that the ZEV mandate was a stan-
dard under sections 209 and 177. In a letter explaining its views at the
request of the First Circuit Court of Appeals, EPA stated that a standard
under section 209(a) is a “requirement to produce a certain number or
percentage of vehicles (‘production requirement’) to meet a numerical
emissions limitation,” and that this “requirement to produce vehicles is in
fact part of the emission standard” (Guzy and Perciasepe 1999).

The courts have also concluded that a ZEV mandate is a standard.
As the Second Circuit Court of Appeals explained,
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We view ‘standards relating to the control of emissions’ as
describing regulatory measures intended to lower the level for
auto emissions, while ‘enforcement mechanisms’ describe
regulatory devices intended to ensure that the ‘standards’ are
effective. For example, the LEV [low-emission vehicle] pro-
gram is clearly a ‘standard,” whereas periodic testing and
maintenance requirements are ‘enforcement mechanisms.” Al-
though this distinction, like the distinction between substance
and procedure, can be less than a bright line in some cases, we
find it of relatively easy application in [the case of the ZEV
sales mandate].... The ZEV sales requirement is, therefore, in
the nature of a command having a different effect on the level
of emissions, rather than in the nature of a means of enforcing,
or testing the effectiveness of, a command (American Auto
Mfrs. Ass’n v. Cahill, 152 F.3d 196, 200 [2d Cir. 1998]).

The First Circuit has likewise concurred that the ZEV mandate is a
“standard” (Ass’n of Int’l Auto. Mfrrs. V. Commissioner, Mass, DEP,
208 F.3d 1 [2000]).

Are Other Mandates Considered Emissions Standards?

In 2003, the United States Solicitor General, in a brief filed with the
U.S. Supreme Court on behalf of EPA, suggested perhaps an even
broader definition of “standard” under CAA section 209(a) by arguing
that “section 209(a)’s reference to ‘any standard’ is constrained primarily
by context and embraces both quantitative and non-quantitative emission
criteria that new vehicles and engines are required to meet” (Amicus Cu-
riae Brief of the United States at 15 [2003]).

In 2004, the U.S. Supreme Court addressed the definition of a
“standard” preempted under section 209 in the Engine Manufacturers
Association v. South Coast Air Quality Management District case (EMA
2004). The case involved regulations adopted by the South Coast Air
Quality Management District, a local government agency responsible for
air pollution control in the Los Angeles metropolitan area. The regula-
tions required local public and private fleet operators to purchase or lease
alternative-fueled vehicles or other categories of vehicles on the basis of
their emissions performance. In finding that these regulations were stan-
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dards preempted by section 209, the U.S. Supreme Court rejected a nar-
row definition of a standard that applied only to regulations that compel
manufacturers to meet specified emissions limits (541 U.S. 1761 [2004]).
The court also rejected the argument that section 209 standards included
only mandates imposed on manufacturers and not those imposed on pur-
chasers of vehicles. The court held that “a command, accompanied by
sanctions, that certain purchasers may buy only vehicles with particular
emission characteristics is as much an ‘attempt to enforce’ a ‘standard’
as a command, accompanied by sanctions, that a certain percentage of a
manufacturer’s sales volume must consist of such vehicles” (541 U.S.
1763 [2004]).

Several disputes have occurred over whether other types of mobile-
source emissions-related regulations are preempted by CAA section
209(a). Consistent with the broad preemptive meaning noted above, EPA
and the courts have generally held that such regulations are preempted.
EPA’s regulation defining the scope of preemption under section 209(a)
is written broadly as follows: “These standards or other requirements
which are preempted include, but are not limited to, the following: emis-
sion standards, mandatory fleet average standards, certification require-
ments, after market equipment requirements, and non federal in-use test-
ing requirements” (40 CFR § 85.1603 [2003]). The First Circuit Court
held that section 209(a) preempts all state regulations, “the purpose and
effect of [which] is to affect a quantitative reduction in emissions”
(Ass’n Int’l Auto. Mfrs. v. Commissioner, 208 F.3d 1, 7 [1st Cir. 2000]).
Likewise, the Second Circuit ruled that any state regulatory “command
having a direct effect on the level of emissions” is preempted by section
209(a) (American Auto. Mfrs. Ass’n v. Cahill, 152 F.3d 196, 200 [2d
Cir. 1998)).

California Waiver Proceedings under
Section 209(b) of the 1990 CAA Amendments

As discussed above, Congress required EPA to review California’s
emissions standards and, provided they meet certain statutory criteria, to
waive federal preemption of those standards. Examples of waivers for
on-road vehicles include the waiver for the California LEV standards (58
Fed. Reg. 4166 [1993]). This waiver covered the LEV program’s 1996 to
1998 model-year passenger cars, light-duty trucks, medium-duty vehi-
cles, and heavy-duty vehicles and engines. The waiver for the LEV pro-
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gram considered various issues, including the burden of proof needed to
grant the waiver, the protectiveness for public health and welfare, the
consistency with sections 202 and 209 of the CAA, and the technological
feasibility. The waivers for the California LEV II program considered
some of the same issues in a more abbreviated manner (68 Fed. Reg.
19811 [2003]). An example of a waiver for California nonroad emissions
standards is EPA’s authorization for California to enforce regulations for
exhaust emissions standards and test procedures for small engines (less
than 25 hp) used in lawn and garden equipment (60 Fed. Reg. 37440
[1995]). As with the waivers for on-road sources, the nonroad-source
waiver considered various issues, including the burden of proof needed
to grant the waiver, the protectiveness for public health and welfare, the
consistency with sections 202 and 209 of the CAA amendments, and the
technological feasibility.

Waiver Criteria for On-Road Standards

Pursuant to section 209(b), California must first find that its pro-
posed standards for motor vehicles are, in the aggregate, at least as pro-
tective of public health and welfare as applicable federal standards. EPA
then reviews California's “protectiveness” finding and must deny a
waiver if it determines that California’s finding was “arbitrary and capri-
cious.” Section 209(b) also requires EPA to deny the waiver if it finds
that California does not need its standards to meet “compelling and ex-
traordinary” air quality conditions or if it finds that the California stan-
dards are not consistent with the requirements of section 202(a) of the
CAA, which requires that the standards be feasible. As applied by EPA,
the “feasibility” requirement means that a waiver may be issued only if
EPA finds that “adequate technology exists with which to meet the Cali-
fornia standards” and that “adequate lead time is available in which to
implement that technology” (40 Fed. Reg. 23, 102 [1975]; 42 Fed. Reg.
2337, 2340 [1977]). Alternatively, EPA may grant the waiver if it finds
that “technology does not exist but there is, or appears to be, adequate
lead time to permit the development and application of the requisite
technology, giving appropriate consideration to the cost of compliance
within that time frame” (41 Fed. Reg. 44209 [1976]). EPA must also
deny a waiver if it finds that the costs of the California standards will be
“excessive” (43 Fed. Reg. 15490, 15492 [1978]). Even though EPA con-
siders technological feasibility, lead time, and cost in deciding whether
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California emissions standards are consistent with section 202(a), it gen-
erally only considers test-procedure consistency in determining whether
a California enforcement procedure is consistent with section 202(a)
(Motor & Eqpt. Mfrs. Ass’n v. EPA, 627 F.2d 1095 [D.C. Cir. 1979]).

Waiver Criteria for Nonroad Standards

A similar waiver procedure is provided for California standards for
nonroad engines and vehicles in section 209(e)(2)(A). EPA must make
the same three findings relating to the protectiveness, need, and feasibil-
ity of the California standards as it does under section 209(b) for on-road
vehicle standards. In addition, EPA’s regulations governing section
209(e) waiver decisions require that EPA also make findings that the
California nonroad standards are consistent with section 209(e)(1), which
preempts all states including California from regulating certain catego-
ries of nonroad sources, and section 209(a), the motor vehicle preemp-
tion provisions (40 CFR §§ 85.1601-85.1606 [2004]).

Waiver Practices

Over the more than 30 years of EPA waiver practice, EPA has
granted federal preemption waivers for most of the requests submitted by
California. The courts have made clear that California’s standards “are
presumed to satisfy the waiver requirement and that the burden of prov-
ing otherwise is on whoever attacks them” (Motor & Eqpt. Mfrs. Ass’n
v. EPA, 627 F.2d 1095 [D.C. Cir. 1979]). In a few cases, particularly in
the first few years in which waivers were considered in the early 1970s,
EPA denied California’s waiver requests in whole or in part for failure to
meet the statutory criteria (36 Fed. Reg. 8172 [1971]; 37 Fed. Reg. 8128
[1972]; 38 Fed. Reg. 10317, 10319 [1973]; 40 Fed. Reg. 30311 [1975]).
In a few other cases, EPA issued a conditional preemption waiver in
which the waiver would apply only to the extent California limited its
program as specified by EPA (36 Fed. Reg. 17458, 17459 [1971]); 42
Fed. Reg. 31639, 31641 [1977]). In several other cases, California modi-
fied its regulations while the waiver request was pending in response to
criticisms by commentators or EPA during the waiver proceeding (42
Fed. Reg. 1503, 1504, 3192, 3193 [1977]; 43 Fed. Reg. 9344, 9346
[1978]). These examples represent the exception rather than the rule,
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however, as most waiver requests are routinely approved by EPA as
submitted by California. EPA has stated that “Congress intended that the
standard of EPA review of the [California] decision be a narrow one” (49
Fed. Reg. 18887 [1984]).

Although not explicitly stated in the statute, EPA has over the years
adopted a truncated waiver review procedure for two types of requests: a
waiver request for an “enforcement procedure” rather than a “standard,”
and a waiver request that is “within the scope” of a preexisting waiver
granted by EPA. An enforcement procedure is a regulatory requirement
that does not directly reduce emissions but rather assists or reinforces a
standard that directly reduces emissions. EPA usually considers modifi-
cations of an existing standard or incremental changes in emissions regu-
lations that do not substantially affect its prior “protectiveness” finding to
be within the scope of a previous waiver.

Issues Related to Waiver Implementation

An issue that arose during EPA’s consideration of California’s
waiver request for its 1990 LEV standards was whether EPA could con-
sider in its waiver decision the impact and implications of other states
adopting the California standards under CAA section 177. EPA con-
cluded that section 209(b) does not authorize the agency to consider the
impacts of actions or potential actions taken by other states under section
177 in reviewing a waiver request (58 Fed. Reg. 4166 [Jan. 13, 1993)).

One shared concern of California, states seeking to adopt California
standards under section 177, and manufacturers subject to such standards
is that the EPA approval process for California preemption waiver re-
quests takes too long. EPA often does not approve a California waiver
until shortly before or, in some cases, even after the applicable regula-
tions take effect. For example, the California Air Resources Board
(CARB) submitted its waiver request for new onboard diagnostic system
regulations for 1994 and subsequent model-year vehicles in August
1990, but EPA did not approve the waiver until October 1996, well after
the regulations were in effect (61 Fed. Reg. 55371 [1996]). Similarly,
California requested a waiver in December 1990 for its exhaust emis-
sions standards and test procedures for utility and lawn and garden
equipment engines for 1994 and subsequent calendar years, but EPA did
not provide a final waiver approval of those regulations until July 1995
(60 Fed. Reg. 37440 [1995]). In October 1991, California submitted its
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waiver request for new emissions standards for low-emission medium-
duty vehicles beginning in model-year 1998, but that waiver was not ap-
proved until April 1998 when the 1998 model year was already well un-
der way (63 Fed. Reg. 18403 [1998]). EPA issued a waiver decision for
California motor vehicle evaporative emissions standards for 1996 to
1998 model-year vehicles on August 5, 1999, well after the applicable
model years were over (64 Fed. Reg. 42689 [1999]). EPA asked for pub-
lic comment on December 31, 2003, on a “within the scope” waiver re-
quest for California heavy-duty diesel engine certification requirements
and procedures that took effect 8 years earlier in model-year 1995 (68
Fed. Reg. 75500 [2003]).

Because neither California nor other states under section 177 can
enforce California standards until they have received a federal waiver,
the substantial delays in the waiver process can adversely affect states, as
well as cause uncertainty for manufacturers. The delays in issuing a
waiver decision are due to several factors. EPA must undertake a sub-
stantial technical analysis of the feasibility of the California standards for
which a waiver is sought, even when waiver requests are relatively non-
controversial. EPA must also provide an opportunity for public comment
and a public hearing and fully analyze and consider all comments and
testimony submitted in those processes. The California standards are of-
ten amended or otherwise revised while the waiver request is pending;
that requires EPA to redirect its analysis and, in some cases, to provide
an additional opportunity for public comment. California also sometimes
takes a long period of time before submitting a waiver request to EPA.
Finally, the resources that EPA devotes to waiver requests might not be
adequate.

EPA may be permitted to pursue more expedited waiver decisions
under the existing statutory provision. Section 209(b) requires EPA to
issue a waiver after “notice and opportunity for public hearing,” but EPA
has consistently held that its waiver decisions are not “rules” under the
Administrative Procedure Act. As such, waiver decisions are not subject
to many of the administrative formalities that apply to other regulatory
actions such as the adoption of standards. Thus, under the existing statu-
tory authority, EPA could probably adopt an expedited approval process
by which it would quickly and provisionally approve those California
waiver requests that appear to be noncontroversial, and such waivers
would go into effect unless any party objects or requests a public hear-
ing. For example, out of the past eight full waiver requests submitted by
California, four received no important adverse comments, thus being the
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type of noncontroversial waiver that could be approved through an expe-
dited process (59 Fed. Reg. 46978 [1994]; 69 Fed. Reg. 60995 [2004]; 70
Fed. Reg. 50322 [2005]; 71 Fed. Res. 335 [2006]). This process would
be similar to direct final-rule-making, in which an agency publishes a
rule without undergoing prior notice and comment and declares that the
rule will take effect automatically unless the agency receives an objec-
tion within 30 days (Levin 1995). Using such a process to expedite the
noncontroversial waiver requests would allow EPA to focus its resources
on the waiver requests that raise more serious issues.

One possible disadvantage to such an approach is that any objection
to the direct final waiver might be viewed by EPA’s Office of General
Counsel as potentially substantive because a court might find it substan-
tive in any subsequent litigation. Upon receipt of an adverse comment,
the Office of General Counsel would require that the full waiver process
be performed and the resulting time lost could be substantial. However,
as noted above, many past waivers received no important comments, and
the agency is under no obligation to respond to frivolous or otherwise
minor comments.

State Adoption of California Standards under
Section 177 of the CAA Amendments

In contrast to section 209(b) in which Congress explicitly assigned
EPA the role of approving waivers of federal preemption for California
standards, in section 177, Congress did not assign EPA any role in ap-
proving adoption of California standards by other states. As EPA itself
stated, “language requiring that other States request and receive authori-
zation from EPA is noticeably absent. Indeed, the statutory text reads as
authorizing States to adopt California standards on their own volition”
(59 Fed. Reg. 36969, 36983 [1994]); Reilly 1993). Given the absence of
EPA review, the courts have generally held that under section 177, states
may enforce only California standards that have received a waiver.

Issues Related to Enforcement

The issue of whether section 177 states may adopt enforcement
procedures that differ from California’s has been controversial. In a 1991
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letter to Congressman John Dingell, then the chairman of the House
Committee on Energy and Commerce, EPA stated its position as follows:

It is clear that states may not adopt additional new vehicle cer-
tification testing or enforcement procedures since such testing
and enforcement procedures will be conducted under Federal
and California laws. For example, a state may not establish a
unique test procedure. Nor may it establish additional en-
forcement procedures for new vehicles. EPA believes, how-
ever, that a state may implement its own enforcement program
which differs from California’s enforcement program pro-
vided there is no undue burden imposed on manufacturers
(Reilly 1991).

On the same issue, the Second Circuit Court stated that “although the
‘piggyback’ provision in section 177 requires states to adopt standards
identical to those in place in California to avoid preemption, there is no
such identicality requirement for the mechanism employed to enforce
those standards” (MVMA v. NYDEC, 79 F.3d 1298, 1305 [2d Cir.
1996)).

Issues Related to the Identicality Requirement

Another issue litigated under section 177 is whether a state that
adopts the California emissions standards must also adopt the California
fuel requirements that may be associated with the vehicle standards in
California. EPA and the courts agreed that a section 177 state had no
duty to adopt California fuel requirements to satisfy the identicality re-
quirement or third-vehicle prohibition of section 177 (59 Fed. Reg.
48664, 48690 [1994]). A key part of the reasoning in that determination
is that a section 177 state is permitted to adopt only California emissions
requirements that have been issued a federal preemption waiver by EPA,
and California’s fuel requirements are not included in its waiver requests
under section 209(b) (59 Fed. Reg. 48664, 48690 [1994]).

EPA and the courts have rejected all claims by manufacturers that
different conditions in a section 177 state (that is, different fuels than
California that allegedly adversely affect emission-control equipment or
cold temperatures that allegedly affect performance of battery-powered
electric vehicles) will result in a prohibited “third vehicle.” Two primary
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reasons are given for this rejection. First, EPA and the courts have con-
cluded that any decision by a manufacturer to alter its vehicles for a state
that adopts California standards are not compelled by that state but rather
is a “marketing choice” voluntarily undertaken by that manufacturer (59
Fed. Reg. 48664, 48691 [1994]; MVMA v. NYSDEC, 79 F.3d 1298,
1307 [2d Cir. 1996]). Second, EPA and the courts held that not all
changes in a vehicle would constitute a third vehicle, but that vehicle
changes that imposed an “undue burden” on manufacturers would consti-
tute a third vehicle (59 Fed. Reg. 48664, 48691 [1994]; MVMA v.
NYSDEC, 79 F.3d 1298, 1308 [2d Cir. 1996]). EPA and the courts relied
on floor statements by several senators in the debates on the 1990 CAA
amendments to argue that the legislative history confirms that the third-
vehicle prohibition does not require “physical identicality” of vehicles in
the section 177 state with vehicles in California (59 Fed. Reg. 48664,
48691 [1994]; MVMA v. NYSDEC, 79 F.3d 1298, 1308 [2d Cir. 1996]).
Thus, the Second Circuit Court opined that “a state can never violate the
third vehicle prohibition so long as it satisfies the identicality require-
ment and ‘does not administer or enforce the California emission stan-
dard in a more burdensome manner than what occurs in California’”
(MVMA v. NYSDEC, 79 F.3d 1298, 1308 [2d Cir. 1996]).

Another issue is whether a state exercising its authority under sec-
tion 177 must adopt all of California’s motor vehicle emissions stan-
dards, or whether it can choose to adopt only a subset of the California
standards. EPA has taken the position that a state need not adopt all of
the California standards. For example, EPA determined that a state
adopting California’s LEV standards in the 1990s was not required to
adopt California’s ZEV mandate, which had been enacted as part of the
LEV standards by California (59 Fed. Reg. 48664, 48667 [1994]). EPA
initially based that determination on its 1993 determination that the ZEV
mandate was not an emission standard under sections 209 and 177, as
discussed previously in this chapter (Reilly 1993). Although EPA subse-
quently changed its position and concluded that the ZEV mandate was
indeed a standard, the agency maintained its position that a section 177
state was not required to adopt the ZEV mandate. EPA stated that “adop-
tion of the California LEV program does not require adoption of the
California heavy-duty engine program,” and similarly “section 177 does
not require a state to promulgate standards that are clearly segregable
from one another” (59 Fed. Reg. 48664, 48692 [1994]). EPA then con-
cluded that the ZEV sales requirement is clearly segregable from the
other parts of the LEV program (59 Fed. Reg. 48664, 48692 [1994]).
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In contrast, EPA has suggested that the NMOG fleet-average re-
quirement is not segregable from the LEV program and, in contrast to its
evolving position on the status of the ZEV mandate, has always main-
tained that the NMOG fleet average is a standard under sections 209 and
177 (Reilly 1993). Although EPA has not officially ruled that a section
177 state adopting California standards must adopt and enforce an
NMOG fleet average requirement that is identical to California’s, it has
strongly hinted that is its position. For example, in 1994, EPA stated that
“the NMOG fleet average requirement is the heart of the California LEV
program and is the central mechanism for ensuring reductions from the
program, and any State implementing the LEV program should, and is
probably compelled to, include enforceable NMOG fleet average re-
quirements” (59 Fed. Reg. 21720, 21736 [1994]). EPA subsequently
noted “the NMOG fleet average is the central provision of the LEV pro-
gram to require manufacture of the low emission vehicles in the program
and to obtain enforceable emission reductions from such vehicles” (59
Fed. Reg. 48664, 48692 [1994]). EPA suggested, however, that it might
be appropriate for several adjacent northeastern states “to enforce the
NMOG fleet average provisions through a region-wide averaging sys-
tem” (59 Fed. Reg. 48664, 48693 [1994]). Some states adopting the
NMOG fleet-average requirement (including Massachusetts and New
York) announced that they would not initially enforce the NMOG fleet
average. EPA was aware of, and did not disapprove of, this practice
(Wilson 1992).

Issues Related to Lead Time

Finally, there is the issue of whether a state that is already imple-
menting California standards is subject to the 2-year lead-time require-
ment again when it adopts revised California standards. The Second Cir-
cuit Court held that when California revises its regulations for which a
waiver has been granted, section 177 requires a state that adopted Cali-
fornia standards to revise its regulations to maintain the identicality re-
quirement (American Auto. Mfrs. Ass’n v. Cahill, 152 F.3d 196, 200-01
[2d Cir. 1998]). In such circumstances, EPA has taken the position that
the two-year lead time applies to each new set of California standards but
not to minor revisions of the California standards that are within the
scope of an existing waiver (Reilly 1993). A final timing issue is whether
a section 177 state must wait for the California standards to receive a
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federal preemption waiver before adopting such standards, given that
section 177 only permits a state to adopt and enforce California standards
for which a waiver has been granted. EPA and the courts have consis-
tently taken the position that a non-California state may adopt California
standards that have not received a preemption waiver but that it cannot
enforce such standards until EPA grants a preemption waiver (Reilly
1993).

FEDERAL (EPA) PROCESS FOR DEVELOPING
MOBILE-SOURCE EMISSIONS STANDARDS

EPA is the agency responsible for developing federal mobile source
emissions standards. Standards-setting activities are ultimately initiated
by Congress through the CAA legislation. The 1990 CAA amendments
direct EPA to conduct several types of activities. In some cases, Con-
gress directs the agency to adopt numerical standards, such as the Tier 1
standards for motor vehicle emissions, or to study an issue such as the
issue of nonroad engines and develop the standards (EPA 1991). For Tier
2 light-duty vehicle standards, Congress directed EPA to assess the ade-
quacy of CAA numerical values for default Tier 2 standards and to pro-
vide alternatives if the agency deems such a course necessary.

The regulatory process for issuing standards is directed by a series
of federal statues (Table 3-1) and executive orders (Table 3-2) that dic-
tate how federal regulations are promulgated. In particular, all emission
standard rules must be promulgated according to the procedures laid out
in Section 307 of the CAA and, because of their important impacts, must
be assessed and reviewed by the Office of Management and Budget
(OMB) under EO 12866. Under Section 307, EPA must follow a notice
and comment process that is similar to the procedure detailed in the Ad-
ministrative Procedures Act. This process begins with a publication of a
proposed rule in a Notice of Proposed Rulemaking (NPRM), which is
published in the Federal Register. The NPRM calls for comments on the
proposed rule to be provided to EPA over a specified time. Major rules
often involve multiple public hearings to facilitate the collection of com-
ments. Many major emissions standards also involve an earlier step, the
publication of an advanced notice of proposed rule-making (ANPRM), to
solicit early input from the public and key stakeholders. This step can
add several months to the process. The whole process generally takes a
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TABLE 3-1 Federal Legislation Controlling Regulation Development

. Administrative Procedures Act - Governs public notice and
comment process

. Congressional Review Act - Before a rule may take effect, agencies
need to submit the rule and other information to Congress

. National Technology Transfer and Advancement Act - Directs
agencies to use voluntary consensus standards (e.g., ISO) where practical

. Paperwork Reduction Act - When information is required to be
collected from the public, agencies must submit for OMB approval an
Information Collection Request

. Regulatory Flexibility Act/SBREFA - Consider economic impacts
on small entities

. Unfunded Mandates Reform Act - Addresses imposition of
unfunded federal mandates on state and local governments

Source: France 2005.

TABLE 3-2 Executive Orders Controlling Regulation Development

. Regulatory Planning and Review (EO 12866) - Governs procedures
for OMB review of “significant” federal rules

. Children’s Health (EO 13045) - Addresses whether rule has a
disproportionate effect on children

. Energy (EO 13211) - Addresses effects on the supply, distribution
and use of energy

. Environmental Justice (EO 12898) - Addresses disproportionate
health or environmental effects on minority and low-income populations

. Federalism (EO 13132) - Ensures input by state and local
governments for rules that have substantial direct effects on states

. Tribal Governments (EO 13175) - Addresses implications on tribal
governments

Source: France 2005.

year to develop the NPRM and a year to finish the final rule-making
(France 2005).

Because regulations for emissions standards are typically deemed to
be important, OMB has a major role in EPA’s rule-making process.
OMB’s role includes a review of both the proposed and the final rules
under EO 12866. OMB also issues directives and guidance, in the form
of memoranda and circulars, on the types of regulatory analysis required.
EPA is required under EO 12866 to prepare a regulatory impact analysis
(RIA) of the proposed standards, which includes the agency’s estimates
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of the likely costs, benefits, and impacts on industry. The RIA for EPA’s
Tier 2/gasoline sulfur proposal for light-duty vehicles, discussed in detail
in Chapter 6, is typical of a RIA for a major rule. This RIA includes a
discussion of health and welfare concerns about motor vehicle emissions;
the impacts of the proposal on emissions, air quality, and vehicle and
gasoline costs; the cost effectiveness and the cost and benefits of the pro-
posal; and the impacts of the proposal on small businesses.

CALIFORNIA’S HISTORY AND PROCESS FOR
DEVELOPING MOBILE-SOURCE EMISSIONS STANDARDS

California has played a central role in the control of emissions from
mobile sources, especially the automobile. Environmental and human
factors converged because California was susceptible to severe atmos-
pheric inversions, population growth was rapid, and automobile use was
greatly expanding. Before the discussion on the development of Califor-
nia’s mobile-source emissions standards, a brief historical perspective is
presented on California’s role in mobile-source emissions controls. Aplet
and Meade (1997) contains a more complete discussion of the history of
mobile-source emissions regulation in California.

California’s Pioneering Role in
Light-Duty-Vehicle Emissions Control

Programs to address air pollution in the United States originated in
the first half of the twentieth century in industrialized urban areas, such
as Pittsburgh, Pennsylvania; Chattanooga, Tennessee; and Saint Louis,
Missouri. World War II brought industrialization to Los Angeles to sup-
port the war effort; that was followed by a post-war population boom that
resulted in a significant deterioration in air quality. The Los Angeles
Times railed about the problem in the mid-1940s and sponsored a study
led by Raymond R. Tucker in 1946. As shown in Figure 3-1, the results
of Tucker’s study were headline news in the January 19, 1947 edition of
the Los Angeles Times. Among its conclusions was the finding that wide-
spread collaboration was needed to address the growing air pollution
problem. The state adopted the California Air Pollution Control Act in
1947, authorizing the creation of Air Pollution Control Districts by each
county. Los Angeles, with its burgeoning air pollution problem, moved
ahead of other counties by establishing the Los Angeles Air Pollution
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FIGURE 3-1 Los Angeles Times sponsored a study by Raymond R. Tucker in
1946. Source: Los Angeles Times 1947.

Control District, the first such air pollution control district in the country
and the forerunner to the current South Coast Air Quality Management
District (SCAQMD). The Los Angeles district began programs to ban
backyard incineration, to set smoke-stack standards, and to fund research
into the cause of smog.

A critical issue was the characteristics of the air quality problem in

Los Angeles. Through independent research, Dr. Arie J. Haagen-Smit, of
the California Institute of Technology, determined the nature and causes
of photochemical smog. Dr. Haagen-Smit and collaborators determined
the atmospheric processes that led to the formation of ozone, the key
component of smog, and implicated the automobile as a key source of
the problem (Haagen-Smit and Fox 1954). The federal government took
its first action to address air pollution in 1955 in the Federal Air Pollu-
tion Control Act, which provided funding to state and local governments
0 “protect the primary responsibilities and rights of the state and local
governments in controlling air pollution....” In that same year, the Los
Angeles County Motor Vehicle Pollution Control Laboratory was estab-
lished. By 1959, California legislation directed the state Department of
Public Health to establish air quality standards and necessary controls for
motor vehicle emissions. Following California’s lead, the federal gov-
ernment acted in 1960 directed the Surgeon General to study the “various
substances discharged from the exhausts of motor vehicles....” (Public
Law 86-493).

The decade of the 1960s proved to be a seminal time in the identifi-
cation of the automobile as a significant source of urban air pollution and
the establishment of some of the initial light-duty-vehicle control re-
quirements. The pattern throughout the decade was consistent; California
authorities would establish control requirements and the U.S. govern-
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ment would follow a few years later. For example, California required
the control of crankcase emissions (now controlled with the positive
crankcase ventilation [PCV] valve) in 1961. California acted again in
1964 by setting the first hydrocarbon (HC) and carbon monoxide (CO)
emissions regulations in the nation, which applied to model-year 1966
vehicles. The federal government followed suit in the Motor Vehicle Air
Pollution Control Act of 1965 when it adopted both the California crank-
case and tailpipe emissions standards for 1968 model-year vehicles. In
1970, Congress moved ahead of California and the federal government
process by amending the CAA to require the establishment of regulations
to reduce motor vehicle emissions by 90% for model-years 1975 and
1976 vehicles. However, throughout most of the 1970s and the 1980s,
California outpaced the federal regulatory process, for example, setting
evaporative emissions standards for model-year 1970 vehicles and the
first nitrogen oxide (NOy) emission standards for model-year 1972 vehi-
cles. In general, the federal process has continued to lag behind the Cali-
fornia process by 1 or more years. Table 3-3 shows the chronology of
federal and California exhaust emissions standards for new passenger
vehicles.

California continued in the 1980s to set even stricter emissions
standards years ahead of the federal government. Near the end of the
1980s, California took another pioneering step as it attempted to influ-
ence the fuels used in motor vehicles. That step led to work on methanol
as a potential fuel in 1987, establishment of a ZEV mandate in 1990, and
replacement of diesel fuel with natural gas. These pioneering efforts have
not always had the anticipated results or been successful; however, the
actions stimulated ancillary actions. For example, the Atlantic Richfield
Company (ARCO) produced and advertised a cleaner burning gasoline to
match methanol performance. General Motors launched an electric vehi-
cle program followed by other manufacturers, and Honda and others
produced experimental vehicles that burned gasoline but produced near-
zero emissions. The current popular hybrid vehicle technology has bene-
fited from the early electric vehicle work and the later near-zero-
emission vehicle innovations.

California continued to outpace the federal government by estab-
lishing emissions limits for a broad range of vehicles and other mobile
sources. It set standards for small off-road and utility engines in 1995,
again before the federal government. It also set emissions standards for
recreational marine engines. Table 3-4 compares the California vehicle
regulatory initiatives with the federal vehicle regulatory process for light-
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duty vehicles over the past 40 years. Tables comparing California and
federal standards for the full range of vehicles and nonroad engines are
contained in Appendix C.

Process for Setting Mobile-Source Emissions Standards

The combination of the federal legislation and regulations and the
California statutes establishes the general framework for air quality man-
agement in California. The process is derived from three critical pieces
of legislation, the federal CAA, the California CAA, and the California
Environmental Quality Act. The federal CAA and subsequent EPA poli-
cies control the setting of national priorities. These policies require Cali-
fornia to develop a program to meet nationally determined air quality
standards within specified times through state implementation plans, as
discussed in the next major section. Since the 1950s, California has also
adopted air quality legislation. One of the important amendments to the
clean air laws was the California CAA of 1988, which introduced the
low-emissions vehicle (LEV) program (Assembly Bill 2595, Sher). In
addition, the California Environmental Quality Act adopted initially in
the 1970s has an important role in setting requirements for the adoption
of regulations in California.

The California Air Resources Board (CARB), which is a depart-
ment within the California Environmental Protection Agency, is respon-
sible for managing air quality in California. CARB bases its regulatory
program on the combination of requirements specified in the federal and
state statutes. It also adopts its own policies and procedures for adopting
rules through board and executive officer directives. Additionally, Cali-
fornia has 35 air pollution control districts or air quality management
districts with authority to regulate stationary, indirect, and area sources
of air pollution within a given county or region.

The California Clean Air Act

The California CAA provides a framework for air quality planning
and regulation in the state. It provides air quality goals, planning mecha-
nisms, regulatory strategies, and standards of progress. The California
CAA requires attainment of state ambient air quality standards by the
carliest practicable date. It also requires the development of air quality
management plans for air districts in violation of the state ozone, CO,
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TABLE 3-5 Important Features of the California CAA of 1988

. Air quality management is overseen by the CARB board of 11 members
appointed by the governor and approved by the Senate (H&S39500,39510).

. CARB must classify California nonattainment areas into one of four
classifications (moderate, serious, severe, extreme) (H&S40921.5).

. CARB must adopt mobile source emissions control to significantly
reduce mobile source emissions by year 2001.
. Air quality management plans to achieve and maintain California

ambient air quality standards must be developed in 1990 and revised at 3-year
intervals thereafter (requirements for the South Coast Air Quality Management
District) (H&S40911).

. Air quality management plans are required to

—  Apply every “feasible emission reduction method” or at a
minimum meet a 5% annual reduction in emissions (H&S40914).

—  Consider the “cost effectiveness of their air quality programs,
rules, regulations, and enforcement practices” and “strive to achieve the
most efficient methods of air pollution control” (H&S40910).

. Air quality management plans must be considered at public meetings
by the relevant local board followed by a public review by the state Air Board.

sulfur dioxide (SO,), or nitrogen dioxide (NO,) standards. Some high-
lights of the act are listed in Table 3-5.

The California Environmental Quality Act

The California Environmental Quality Act (CEQA) was designed to
force evaluation of the overall impact of projects on the environment.
The evaluations must include consideration of air pollution, water pollu-
tion, solid waste, biodiversity, fire safety, and other environmentally re-
lated issues. Major rules are considered projects by subsequent court in-
terpretations, and all agencies in California who adopt rules are required
to meet the CEQA requirements for their important rules.

A government agency can design its rule-making process to inher-
ently meet CEQA requirements so that a separate specific CEQA docu-
ment is not required. CARB and the South Coast Air Quality Manage-
ment District (SCAQMD) are examples of California agencies that have
designed processes that are deemed to be equivalent to CEQA. Extensive
information on CEQA can be found at the website http://ceres.ca.gov.
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CARB’s Governing Board and Resources

Created in 1967, CARB is overseen by an independent governing
board made up of a full-time chairperson as one of 11 members who ap-
point an executive officer to direct the day-to-day activities of the CARB
staff. All regulations produced by CARB must be approved by the gov-
erning board. The members of the CARB governing board are appointed
by the governor and approved by the California Senate. The governor must
ensure that the governing board makeup meets the specifications given in
Table 3-6.

The governor selects one of the board members to be the chairper-
son of the board. The governing board typically meets once a month or
more. In 2000 through 2004, the governing board met 77 times for some
or all of a day, an average of 15.4 meetings per year. The budget for
CARB in the 2004-2005 fiscal year was $130 million, the SCAQMD
budget for that period was $102 million (SCAQMD 2004), the Bay Area
Air Quality Management District budget was $52 million, and the other
33 smaller California districts budgets averaged about $8 million per dis-
trict. Thus, California annually spends about $550 million on govern-
ment activities related to air quality management. As a comparison, the
EPA air program budget is about $660 million (EPA 2005f).

TABLE 3-6 Composition of 11-Member CARB Governing Board
One member from each of the governing boards of the following districts:
. San Diego Air Pollution Control District
. Bay Area Air Pollution Control District (San Francisco region)
. San Joaquin Valley Air Pollution Control District
. South Coast Air Quality Management District (Los Angeles
region)
. Any additional air quality management district in the state

One member having expertise in each of the following fields:

Automotive engineering or a closely related field

Agriculture, science, or law

Medicine or health effects

Air pollution control or an area similar to that indicated above

Two members having no special expertise may be selected from the public at
large.
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TABLE 3-7 Estimates of Emissions-Carrying Capacity Needed for
Attainment of Ozone Standards

Carrying Capacity (VOCs + NO,)

Population Pounds per Person
Area (millions) Tons per Day per Year
South Coast Basin 16.9 840 36
San Joaquin Valley 4.1 630 69
Houston 5.5 1360 181

Source: Witherspoon 2004.

Air Quality Management Planning and Subsequent
Regulatory Processes

The basis for the development of air quality regulations in Califor-
nia is the need to meet state ambient air quality standards. CARB first
issued ambient air quality standards for California in 1969 for total sus-
pended particulates, photochemical oxidants, SO, , NO,, and CO. Since
the passage of the California CAA in 1988, nonattainment areas are re-
quired to address the steps needed to attain air quality standards through
an air quality management plan (AQMP). In effect, the air quality man-
agement plan is the same type of plan needed to meet federal air quality
standards described in the state implementation plan (SIP). However, the
state AQMPs are designed to meet the state air quality standards (fre-
quently more stringent) but do not contain mandatory attainment dead-
lines. Local air quality management districts develop AQMPs, which are
sent to CARB for review. CARB may submit the plans to EPA if a SIP is
required by federal rules.

The South Coast Air Basin (the region around Los Angeles) has
traditionally had the worst air quality in the state and nation, although the
San Joaquin Valley region of California is becoming an area of greater
concern. Table 3-7 shows the emissions carrying capacity for the South
Coast Air Basin and compares it with those of San Joaquin Valley and
Houston, Texas. The carrying capacity refers to the upper limit of emis-
sions in a region consistent with achieving air quality standards. This
table shows how per capita emissions need to be much lower in the Los
Angeles area compared with the other locations. In addition to its air
quality problems, the South Coast Air Basin and environs houses about
17 million persons. This is 40% of the population of California and
represents about 5% of Americans (more populous than 41 states). Thus,
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the South Coast Air Basin tends to drive regulatory decisions relative to
both stationary and mobile sources in California and will be used as an
example to discuss the California regulatory process.

At the beginning of a traditional planning cycle, SCAQMD and
CARB officials ideally discuss reduction requirements and the appropri-
ate emissions reductions to be obtained from stationary sources versus
mobile sources and from consumer products for the next planning cycle.
The SCAQMD is responsible for reducing the emissions associated with
stationary sources in its jurisdiction, and CARB is responsible for reduc-
ing mobile-source and consumer-product-related emissions statewide. In
addition to the local and state regulatory air agencies, the metropolitan
planning organization in the area—the Southern California Association
of Governments—participates in the AQMP development because of its
responsibility for transportation control measures (TCMs) and for deter-
mining that the regional transportation plan (RTP) conforms to the
AQMP. From the beginning, CARB and the SCAQMD have had to
commit to achieving the highest emissions reductions possible from all
source categories of under their jurisdiction to meet federal clean air
goals. Keeping in mind the emission-reduction commitments, each
agency begins the process of identifying cost, safety, and other factors
that are part of the control options at its disposal for its area of responsi-
bility. Federally preempted source-category rules are also added to this
mix of strategies from state and local agencies to demonstrate attainment
of the standards.

The discussions between the SCAQMD and CARB can be difficult
and normally revolve around the relative cost effectiveness associated
with various control approaches. Over the past decade, the regulatory
responsibilities of the two agencies have become increasingly blurred.
The AQMP produced by the SCAQMD also may not be consistent with
the goals or views of CARB.

Development of California Emissions Standards

As part of the state regulatory activities undertaken to attain air
quality standards, California uses stringent emissions standards for motor
vehicles. The initiating activities can be by legislative directives or by
CARB. For example, the California CAA mandated that CARB take
whatever actions were necessary, cost effective, and feasible to achieve a
55% emission reduction of HCs and a 15% emission reduction of NOy
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from 1987 baseline motor vehicle emissions by 2001 (section 43018(b)
California Health and Safety Code). As a result, CARB developed the
LEV program (discussed in Chapter 6). The California legislature in
2002 passed the Pavley bill, which compelled CARB to issue motor ve-
hicle greenhouse-gas standards. In many other cases, however, CARB
has used its authority to regulate on-road and nonroad emissions source-
sin the absence of directions from the California legislature. Table 3-8
shows the steps in the CARB standards development process.

CARB and EPA exchange relevant information to the extent possi-
ble during their respective regulatory processes, and the efforts made
after rule implementation are coordinated with EPA (for example, testing
to determine whether a noncompliance determination and a recall are
appropriate). In the end, the CARB regulation development process fol-
lows the same overall procedures as the EPA process, the exception be-
ing that the CARB final rule adoption process is a public process review
by an independent board. As discussed later in Chapter 6 in reference to
the ZEV mandate, CARB seems to be able to adjust its rules more often
to meet changing technological developments than the federal process
has demonstrated to date.

MOBILE-SOURCE REGULATION IN
THE STATE IMPLEMENTATION PLAN

State Implementation Planning Process

SIPs? are the formally adopted air quality attainment plans required
by the CAA. The SIP describes the combination of local, state, and fed-
eral actions and emissions controls that will be undertaken for an area to
comply with and maintain compliance with the NAAQS. The SIP pro-
vides the basic link between state and local regulations, EPA oversight of
state actions and enforcement, and federal contributions to controls.
These plans are designed by the states that have NAAQS nonattainment
areas and must submit attainment plans to EPA for approval. A SIP must

? Individual states have a single SIP that describes the state’s plans for com-
ing into attainment with all NAAQS. That SIP is amended as regulations related
to NAAQSs are modified. An amendment, such as describing how a location
will come into attainment with the new 8-hr ozone standard, is typically referred
to as a SIP (the 8-hr ozone SIP), when in fact, it is a SIP amendment. In this
report, we continue to refer to each SIP amendment as a SIP.
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demonstrate how the state will attain and maintain the standard for each
pollutant in the time lines established in the CAA. The SIP for each pol-
lutant typically contains the elements listed in Table 3-9.

The emissions reductions outlined in a SIP may contain reductions
achieved through federal, state, and local (municipal, county, and dis-
trict) regulatory actions. In the case of state and local actions, the SIP
must demonstrate that the state has the legal authority for the actions that
they propose and that the proposed actions will achieve the needed re-
ductions. The attainment demonstrations must use approaches and mod-
els accepted by the EPA. In some instances, EPA has accepted nonregu-
latory actions for small (2-4%) portions of needed emissions reductions
in nonattainment areas. Due to the difficulty of achieving air quality
standards in many locations, successive amendments to the CAA have
extended attainment deadlines. Table 3-10 indicates the design values’
and attainment deadlines for the 1-hr ozone NAAQS associated with
successive CAA amendments and standard promulgation. Though the
implementation schedule for the new 8-hr ozone standard and transition
from the 1-hr ozone standard is still being developed, attainment dates
vary from 3 years for marginal areas to 20 years for extreme areas after
an area’s status has been designated by EPA.

Considerable technical and policy debate is typically associated
with the first seven SIP elements described in Table 3-9. EPA attempts to
minimize the debate by establishing in advance the requirements for de-
veloping emissions inventories, the acceptable emissions and ambient air
quality models, and the acceptable emission reductions for some key
types of control measures, such as vehicle I/M. Even with those safe-
guards, many issues and inconsistencies evolve. For example, in the
early 1980s, during the development of the 1987 SIPs, EPA produced a
new mobile-source emissions model. Some states preferred the older
emissions model that predicted greater emissions reductions and argued
that the timing of the process did not allow use of the newer model. EPA
reacted by allowing the use of both models, creating an inconsistency in
the predictions in various SIPs that had used different models.

* The design value is the monitored reading used by EPA to determine an
area's air quality status; e.g., for the 1-hour ozone standard, the fourth highest
reading measured over the most recent three years is the design value.
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Evaluation of California Standards as a
Potential SIP Control Measure

The decision to adopt California emissions standards is best based
on a comprehensive technical evaluation of emissions reductions needed,
as well as an evaluation and comparison of alternative control measures.
A comprehensive analysis includes the following components:

e  Estimation of emissions reductions needed by pollutant. For
example, in an ozone nonattainment area, performing air quality model-
ing to see what percent reductions in NO, and HC emissions would be
required to bring the area into attainment.

e  Emissions inventory evaluation to assess the relative contribu-
tions of source categories to the pollutants of interest.

e  Comprehensive evaluation of a broad range of control meas-
ures in all source categories (stationary point, area, on-road, and off-
road). Such an evaluation would include estimating emissions reductions
from specific control measures, costs for implementation of control
measures, cost-effectiveness, and implementation issues.

e Modeling the effects of evaluated control measures individu-
ally or as a group.

Many nonattainment areas follow the comprehensive approach de-
scribed above. For example, control-measure evaluations have been con-
ducted in ozone nonattainment and near-nonattainment areas in Texas
(for example, Coulter-Burke et al. 2002; ENVIRON 2000) and are con-
tinuing; Sacramento, California (SMAQMD 2004), the Upper Midwest
States (MACTEC 2005) and are continuing; and Tennessee (University
of Tennessee 2003). However, such an analysis is resource-intensive and
might be prohibitively expensive for some air quality planning agencies,
who may rely in part on analyses performed by other agencies. For ex-
ample, NESCAUM’s analyses of the California LEV program have been
used by several states to justify adoption of the program.

Example of a State Implementation Plan
SIPs contain an array of emissions-reduction strategies for mobile,

area, and stationary sources. Table 3-11 lists the controls and emission
reduction estimates projected in the 1-hr ozone attainment SIP using
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federal, state, and local initiatives in the Dallas-Fort Worth (DFW) area.
This plan relies heavily on NOy controls. Reductions in mobile-source
emissions in the plan come from tightening emissions standards for on-
road and nonroad sources, as well as reducing in-use emissions through
motor vehicle emissions I/M. As seen in the table, the DFW area relies
heavily on federal mobile-source emissions standards to reduce emis-
sions. Box 3-1 discusses issues related to using I/M programs versus fed-
eral emissions standards to control motor vehicle emissions.

Box 3-1 New Vehicle Emissions Standards
and Controls on In-Use High-Emitting Vehicles

Motor vehicle emissions standards are part of the array of pro-
grams designed to reduce emissions and improve air quality. Air
quality programs at the state and local level are typically a mix of
programs as described in the adjoining section on the state imple-
mentation plan for the Dallas-Fort Worth (DFW) area. A prominent
method for reducing motor vehicle emissions is by inspecting vehi-
cles and requiring repairs when they fail emissions testing. Emis-
sions from vehicles with malfunctioning emission-control equipment,
referred to as high emitters, contribute disproportionately to overall
emissions. An earlier NRC report (2001) discussing vehicle emis-
sions inspection and maintenance (I/M) programs quoted estimates
that typically less than 10% of vehicles typically contributed over
50% of total light-duty-vehicle pollutant emissions for any given pol-
lutant. Given the significant fraction of emissions that comes from
such vehicles, it is prudent to question whether strategies designed
to reduce the emissions from high emitters would be more effective
than tightening new emissions standards. The committee concludes
that new vehicle emissions standards contribute to reducing motor
vehicle emissions in ways not matched by in-use emissions controls.
Specifically, new vehicle emissions standards have driven continual
improvements in the ability to monitor and control in-use emissions
and in the durability of emission-control equipment.

By the early 1980s many elements of modern emission-control
equipment, including the automobile catalyst and onboard com-
puters, were introduced. The further tightening of vehicle standards
over the past 2 decades has inspired significant refinements in cata-
lyst design and materials. These standards have also resulted in the
introduction of sophisticated onboard diagnostic equipment to im-
prove the emissions performance and to alert motorists and repair
technicians to problems with emission-control equipment. Other
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standards have resulted in systems to reduce evaporative emissions
and in improvements in the durability of emission-control systems.

Improvements in emission-control technologies have had a posi-
tive impact on in-use emissions, including emissions from high emit-
ters. As shown in Chapter 2, on-road emissions of CO have greatly
decreased since 1970, most of that reduction coming from light-duty
vehicles. Pokharel et al. (2003) discussed how improvements in
emission-control technologies have affected the fraction of vehicles
defined as gross emitters of CO. Gross emitters are defined in their
analysis as those highest emitting vehicles that together cause half
of the total light-duty vehicle on-road CO emissions. Using remote-
sensing emissions measurements of on-road vehicles in Denver,
Colorado, described in Bishop and Stedman (1990) and Pokharel et
al. (2002), Pokharel et al. (2003) showed that over the 1989-2001
time period the fraction of vehicles considered gross emitters and the
average emissions from these vehicles had declined. Pokharel et al.
(2003) also found that new vehicles manufactured in 2000 emitted
less CO, HC, and NO, than new vehicles manufactured in 1998,
even while standards for new vehicles remained constant, a result
the authors attributed to continual improvements made by manufac-
turers to meet standards and improve durability. The trend for new
vehicles to show decreasing emissions during successive years of
measurements are shown for CO in Figure 3-2. This finding has
been observed in other remote-sensing emissions data obtained in
Chicago, lllinois (Bishop et al. 2003). Improvements in emission-
control technologies might also have caused a slowing in emissions
deterioration, the increase in emissions that occurs as vehicles age
(Wenzel et al. 1997). Thus, improvements in emission-control tech-
nologies spurred by emissions standards have affected in-use emis-
sions, including emissions from high emitters.

Finally, previous efforts to decrease contributions from high-
emitting vehicles have been problematic. I/M programs are the most
prominent method of controlling in-use emissions from vehicles with
malfunctioning emission-control equipment, including high emitters.
The NRC report (2001) on I/M programs recommended more fo-
cused efforts be given to high emitters. However, the report noted
some of the difficulties in reducing the number of high emitters that
have been encountered in I/M programs. Studies California and
elsewhere have shown that many vehicles on the road have failed
I/M programs and have not been retested and others have never
shown up for initial screening (Ando et al. 2000; Wenzel 2001).
Temporary repairs, tampering, and other possible methods of avoid-
ing program requirement have also been used (Lawson 1993; Sted-
man et al. 1998). Solving some of these persistent problems is a
continuing issue with I/M programs.
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FIGURE 3-2 Decreasing CO emissions from new vehicles. The natural log of
grams CO emissions per kilogram of fuel used is plotted by year of measure-
ment for vehicles aged 1-4 years measured between 1989 and 2001 in Denver.
Age of vehicle is calculated by subtracting model year from measurement year.
Regression lines for each age are drawn and R” values are included. Source:
Pokharel et al. 2003. Reprinted with permission; copyright 2004, American
Chemical Society.

It is also clear from this SIP that federal emissions standards are
only part of the emission-control strategies. Various state initiatives are
implemented in the DFW SIP to increase total reductions. One major
source of reduction is point-source NOx reduction. This method alone
accounts for 35% of the NOy reductions. I/M of light-duty vehicles con-
tributes 15% to NOx reductions. Local initiatives also include transporta-
tion control measures, which are designed to achieve on-road mobile-
source emissions reductions and are included as control measures in the
SIP. Examples in the DFW area include intersection improvements, sig-
nal improvements, high-occupancy-vehicle (HOV) lanes, freeway corri-
dor management, park and ride lots, pedestrian and bike facilities, rail,
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and van pools. The DFW SIP also includes controls on small-engine
equipment, such as gas-fired water heaters, small boilers, and process
heaters, and relies on regulating smaller equipment to contribute to total
NOx emissions reductions. Table 3-11 includes a proposal for speed limit
reductions, which were not adopted by the state legislature.

CONCLUSIONS

Regulation of mobile-source emissions through standards on new
vehicles and engines is an important component of air quality manage-
ment. The CAA gave the state of California the authority to set mobile-
source emissions standards that differ from the federal standards as long
as they are as protective in the aggregate as federal standards. Later
amendments to the CAA allowed other states to adopt California stan-
dards. The history of California mobile-source emissions standards is
told through a succession of scientific findings, legislative actions, and
administrative and judicial interpretations that are summarized in this
chapter. Several conclusions come from this examination.

e  Over the history of mobile-source regulation to date, Califor-
nia has typically led EPA in tightening emissions standards on light-duty
vehicles and become a laboratory for emission-control innovations.
CARB?’s regulatory process is supportive of this laboratory role in that
California emissions standards can be amended rapidly in the face of
changing market and technological conditions.

e  FEach time CARB sets or substantially revises a California
mobile-source emission standard, it must seek a waiver from EPA. The
waiver review process can take several years and significant EPA re-
sources to complete, even for relatively straightforward and uncontrover-
sial waivers. In some cases, waivers have been approved after vehicles
and engines that meet the standards are in the market. This process cre-
ates uncertainty for California, other states considering adopting Califor-
nia standards, and manufacturers.

o States first began using their authority under section 177 of
the CAA in the early 1990s when New York and Massachusetts adopted
California emissions standards for new light-duty vehicles. The primary
reason that these states adopted California emissions standards was to
obtain additional emissions reductions to help attain and maintain the
NAAQS.
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Co-evolution of Technology
and Emissions Standards

Emissions-control technology for mobile sources has developed in
a series of interactive steps with the promulgation of emissions standards
for new vehicles and engines and for fuel regulation. For light-duty vehi-
cles, emissions-control hardware has changed greatly over the past 50
years to reflect the changes in emissions standards, vehicle design, fuel-
efficiency standards, and technological capabilities. The efforts of motor
vehicle manufacturers, the manufacturers of emissions controls and other
equipment, the California Air Resources Board (CARB), and the U.S.
Environmental Protection Agency (EPA) have made vehicles much
cleaner and more durable. Although the relationship among the parties
has not always been harmonious, it has produced benefits not only for
the United States but also for the world. On-highway diesel vehicles have
had emissions-control standards since the 1970s while EPA’s emissions-
control activities have been authorized for nonroad sources only since the
passage of the 1990 Clean Air Act (CAA) amendments.

This chapter discusses the basic elements of mobile-source emis-
sions control, emphasizing the interaction of emissions-control research
and new-equipment emissions standards. Chapters 6 and 7 contain a de-
tailed discussion of several emissions standards developed by CARB and
EPA. The descriptions of emissions controls in this report are not in-
tended to be comprehensive. Heywood (1988) provided a comprehensive
summary of the primary technical issues related to pollutant formation
and control methods for light-duty vehicles before 1990. More recent
publications discussing current research in combustion and pollution
control are available from many publications, including those by the So-

114
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ciety of Automotive Engineers (SAE). In particular, the SAE Progress in
Technology (Johnson 2002a,b; Johnson 2005a,b) series contains collec-
tions of SAE technical papers relating to specific technologies, including
combustion and pollutant control in internal combustion engines. The
Manufacturers of Emissions Control Association (www.meca.org) is an-
other source for more comprehensive information on mobile-source
emissions controls.

TECHNOLOGY-FORCING STANDARDS

A central concept of the standards-setting process for mobile-source
emissions by EPA and CARB is “technology forcing.” The committee
defines a technology forcing standard to be the establishment by a regu-
latory agency of a requirement to achieve an emissions limit, within a
specified time frame, that can be reached through use of unspecified
technology or technologies that have not yet been developed for wide-
spread commercial applications and have been shown to be feasible on
an experimental or pilot-demonstration basis. The use of technology-
forcing standards in the United States contrasts with the standards-setting
process in Europe where new emissions-control technologies on mobile
sources are required only after they have succeeded in the U.S. market
(Faiz et al. 1996).

When controls on vehicle emissions were first considered in Los
Angeles in the 1950s, requiring of devices that were not commercially
available was not accepted as a viable approach. Los Angeles County
Supervisor Kenneth Hahn was denied permission to require the installa-
tion of emissions-control devices on vehicles sold in the county by a
county legal counsel opinion that stated, “Any such requirement would
be “arbitrary, capricious, and void” until “a satisfactory device is per-
fected and available on the market” (Krier and Ursin 1977, p. 98, as cited
in Lents et al. 2000, p. II-10). Lack of progress on air pollution control in
California and elsewhere in the United States prompted Congress in the
1970 CAA amendments to feature ambient air quality standards with
deadlines for their attainment and a technology-forcing program to re-
duce emissions from vehicles (Muskie 1990). Chief Senate sponsor,
Senator Edmund Muskie, stated that the CAA was not “to be limited by
what is or appears to be technologically or economically feasible” but “to
establish what the public interest requires to protect the public health of
persons” even if that means that “industries will be asked to do what
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TABLE 4-1 Major Control Technologies of New Light-Duty Vehicles
Sold in the United States

Three-Way Catalyst
Model Year  Noncatalyst  Oxidizing Catalyst and/or Fuel Injection
1974 100% — —

1975 16.7 80.7 24
1976 16.2 81.7 2.1
1977 10.8 85.3 3.9
1978 8.4 88.0 3.6
1979 8.1 89.6 2.2
1980 0.0 94.4 4.6
1981 0.0 31.0 69.0

Sources: Bresnahan and Yao 1985; Gerard and Lave 2002.

seems to be impossible at the present time.” (Committee Report Com-
piled for the Senate Committee on Public Works by the Library of Con-
gress, Ser. No. 93-18, p. 227, 1974, 116 Cong. Rec. 32901-32902
[1970]). A central component of the CAA was the requirement that new-
vehicle emissions standards would be reduced by 90% for carbon mon-
oxide (CO), nitrogen oxides (NOy), and hydrocarbons (HCs) by 1975,
although it was not clear in 1970 how such a reduction would be
achieved. The act allowed for any type of technology to be used. Al-
though the date to attain that level of reductions was subsequently de-
layed, the approach resulted in manufacturers introducing the two-way
catalyst to control HCs and CO in 1975 and the three-way catalyst to
control HCs, CO, and NOy in 1981. Table 4-1 shows the penetration of
the catalyst into the light-duty vehicle fleet. Using the 1970 requirements
for light-duty vehicles, Gerard and Lave (2005) discuss some factors
critical to implementing technology-forcing policies.

Technology-forcing standards are not used only for light-duty vehi-
cles. For example, the 1990 CAA amendments recommend that technol-
ogy-forcing emissions standards be adopted for evaporative emissions
and nonroad engines. Section 202(k) requires EPA to develop standards
for evaporative emissions control that “shall take effect as expeditiously
as possible and shall require the greatest degree of emission reduction
achievable by means reasonably expected to be available for production
during any model year to which the regulations apply, giving appropriate
consideration to fuel volatility, and to cost, energy, and safety factors.”
Section 213 of the 1990 CAA amendments requires that nonroad emis-
sions standards, which at that time were uncontrolled, “achieve the great-
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est degree of emission reduction achievable through the application of
technology which the Administrator determines will be available for the
engines or vehicles to which such standards apply, giving appropriate
consideration to the cost of applying such technology within the period
of time available to manufacturers and to noise, energy, and safety fac-
tors associated with the application of such technology. In determining
what degree of reduction will be available, the Administrator shall first
consider standards equivalent in stringency to standards for comparable
motor vehicles or engines (if any) regulated under section 202.”

TECHNOLOGIES TO CONTROL
LIGHT-DUTY-VEHICLE EMISSIONS

Emissions-control hardware on motor vehicles can be grouped into
three basic types: engine and exhaust controls, evaporative controls, and
diagnostic controls. Brief descriptions of these emissions-control tech-
nologies are given below. A more complete description of control tech-
nology may be found in many sources, including Heywood (1988),
Mondt (2000), and NRC (2001). In addition, Chapter 6 contains a discus-
sion of emissions standards adopted since 1990, including the California
low emissions vehicle (LEV) standards and the federal standards, and the
technologies used to meet those standards. Box 4-1 describes the process
of certification and enforcement of emissions standards for light-duty
cars and trucks.

Engine and Exhaust Controls

Table 3-3 in Chapter 3 displays a chronology of federal and Cali-
fornia exhaust emissions standards for new passenger vehicles. Allow-
able emissions for light-duty trucks have been reduced at a similar pace,
although emissions standards for these vehicles were not as low as those
for passenger vehicles until recently. Engine emissions are regulated by
performance-based standards (as opposed to technology-based stan-
dards),' but the standards typically result in certain classes of hardware

" A performance-based standard is generally technology-neutral and sets an
upper limit for emissions coming from a source; a technology-based standard
dictates the specific control technology. See Glossary for complete definitions.
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being applied for compliance. The first nationwide emissions-reduction
requirements were mandated for model-year 1968 and consisted of
crankcase and engine controls. As shown in Table 4-2, these standards
led to the use of positive crankcase ventilation (PCV) valves, higher air-

Box 4-1 Certification of Light-Duty Vehicles to Emissions Standards

Certification and enforcement of mobile-source emissions stan-
dards ensure their effective implementation. The general process of
certification and enforcement is described here for light-duty cars
and trucks.

The requirements for light-duty-vehicle certification for EPA and
CARB are similar because of collaborative efforts between the agen-
cies and industry in the 1990s aimed at harmonizing EPA and CARB
procedures to the greatest extent possible, streamlining the process
for manufacturers, and shifting the focus to in-use testing of vehicles.
These efforts resulted in EPA’s adoption of the Compliance Assur-
ance Program 2000 (CAP2000) described further in its 1998 notice
of proposed rule-making (NPRM) (63 Fed. Reg. 39654 [1998]) and
1999 Final Rule (64 Fed. Reg. 23906 [1999]), and CARB’s adoption
of the elements of the CAP2000 program with its LEV Il rule-making.
Certification and enforcement occur in two phases: pre-production
certification and in-use testing (enforcement), which are described in
the following paragraphs based on information in EPA’s Final Rule
(64 FR 23906) and CARB’s LEV Il staff paper “Initial Statement of
Reasons” (CARB 1998a ). A separate issue relates to the enforce-
ment of sales of California-certified vehicles in California and states
that have adopted those standards. Such enforcement is connected
to vehicle registration, since California-certified vehicles can be iden-
tified by the vehicle identification number (VIN). The committee did
not investigate sales enforcement practices.

Before to selling a vehicle in the California or national market,
manufacturers must submit to CARB or EPA, respectively, test-data
that demonstrate the vehicle will meet corresponding emissions
standards. Data must be submitted yearly for each engine family
(group of vehicles with the same engine and emissions-control char-
acteristics). The agencies then approve the vehicle for sale by issu-
ing a certificate of conformity (EPA) or executive order (CARB). Pre-
production testing must demonstrate that vehicles will comply with
emissions standards at the end of their useful life, which is 120,000
mi for present-day light-duty vehicles. Compliance is demonstrated
by determining the deterioration characteristics of emissions-control
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equipment (durability demonstration) and then showing that produc-
tion vehicles will meet emissions standards using this same equip-
ment and configuration (certification testing). Manufacturers have
some flexibility in durability demonstrations, although their methods
must be approved by the agencies. Durability demonstrations are
performed on one prototype representing a broad group of vehicles
with similar deterioration characteristics (durability groups) rather
than on each engine family or vehicle model. Bench-aging of cata-
lysts is one method for testing durability of emissions-control sys-
tems, as opposed to accumulating full useful-life mileage on an ac-
tual vehicle. Once the useful-life emissions of an emissions control
system/configuration have been determined, it must be shown to re-
sult in emissions below the certification levels on production vehicles.
One prototype vehicle from each test group (vehicles of the same
emissions rates and certification levels) is used to demonstrate com-
pliance, for example, by attaching a bench-aged catalyst and meas-
uring the emissions according the defined federal test procedure
(FTP). California and EPA certify vehicles in this same framework,
but manufacturers must certify separately with each agency because
certification categories are different in the California and federal pro-
grams (see Chapter 6 for more information on the LEV Il and Tier 2
programs). Furthermore, there are differences between CARB and
EPA in test procedures—for example, the ambient temperatures at
which vehicles must be certified.

In-use testing comprises the second part of the certification and
enforcement program. Both agencies procure vehicles and test their
emissions in-use to detect those that might not be achieving emis-
sions levels at their certification levels. Manufacturers are also re-
quired to procure vehicles and test them in-use for emissions at low
(10,000 mi), medium (50,000 mi), and high mileage (75,000-105,000
mi). These vehicles are tested as is; they are not screened for proper
maintenance. If the vehicles do not meet emissions requirements,
the manufacturers must test other in-use vehicles of this model to
ascertain whether the emissions-control equipment functions prop-
erly. Testing data are provided to the agencies to help them target
other vehicle models that might not comply with emissions stan-
dards. If in-use testing shows that certain vehicle models are not
meeting their certification levels, remedial action may be required.
CARB and EPA may order a vehicle recall at the manufacturers’ ex-
pense. A secondary benefit of in-use testing is that it provides EPA
and CARB with in-use emissions data to be used in accurately as-
sessing and predicting vehicle emissions. The in-use testing data
also helps manufacturers to evaluate how well their durability dem-
onstrations simulate actual deterioration.
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TABLE 4-2 Summary of Emissions Controls Used to Meet
Federal Standards for Light-Duty Vehicles

Engine Emissions Controls

. Crankcase controls (1961 to present)
—PCV used to recycle hydrocarbons that leak past the piston rings
into the crankcase back into the combustion process.

. Engine adjustments (1968 to present)
—Primary control consisted of modifications to mixture strength and
spark timing as well as EGR.

. Oxidizing catalysts (1975 to present)
—Lean mixtures and oxidization catalysts were used for HC and CO
control. EGR was used to control NO,. Air-pump or pulse-air valves
were incorporated.

. Unleaded gasoline phase-in (enabling technology for catalysts) (1975 to

present)

. Closed loop three-way catalysts (1981 to present)
—Precise mixture control and three-way catalysts control HCs, CO,
and NO,; >90% removal of each.

Electronic Controls and Onboard Diagnostic (OBD) Systems

. Onboard computers, oxygen sensors (1981 to present)
. Preregulatory OBD Systems (1981 to 1993)
—GM and Ford had OBD systems starting on 1981 models.
. OBDI (1994 to 1995)
. OBDII (1996 to present)

Evaporative Emissions Controls

. Early trap test technology (1971 to 1977)
—Tank and carburetor bowl were vented to a small carbon canister.
. Early sealed housing for evaporative determination (SHED) test technol-
ogy (1978 to 1995)
—Material in the detail seals on the carburetor is claimed for reduced
permeation and increased purge.
. Enhanced evaporative emissions controls (1996 to present)
—Three-day diurnals, measuring running losses, high-temperature hot
soaks, and 10-year life required larger canisters and more permeation
control. Refueling controls were added to cars starting in 1998.
Source: NRC 2001.
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to-fuel ratios, spark-timing modifications, and external exhaust-gas recir-
culation (EGR). As described in Chapter 3, these standards were mod-
eled after standards mandated for California vehicles a few years earlier.
Emissions-control systems used on the precatalyst vehicles of 1968-1974
relied on combustion controls, and some aspects of these controls com-
promised the performance of the engine, resulting in degraded drivability
and fuel economy and promoting the practice of tampering with the
emissions-control system (Bresnahan and Yao 1985; NRC 2001).

In contrast, EGR systems developed during this precatalyst period
retained most of the vehicle performance while lowering tailpipe NO,.
Such systems are still in use today. Figure 4-1 shows a diagram of a
modern EGR system. Higher combustion temperatures result in greater
NO, formation. The EGR valve acts to recirculate exhaust gas in controlled
amounts to dilute the air-fuel mixture, which lowers the peak combustion
temperature and NOy formation. EGR is also used to reduce NOy emissions
from diesel engines.

Exhaust emissions-control devices consist of catalytic converters
and air injection systems. The first generation of catalytic converters
added to model-year 1975 vehicles promoted the oxidation of HCs and
CO by passing the exhaust over a bed containing small amounts of plati-
num, palladium, and rhodium. These were known as two-way or oxida-
tion catalysts. A critical regulatory requirement for technology was the
use of unleaded gasoline since the combustion by-products of tetra-ethyl-
lead, an additive used to increase gasoline octane quality, were found to
reduce catalyst conversion efficiency.

Stricter model-year 1981 standards provided another challenge. A
development known as the three-way catalyst, which provides control of
NOy in addition to CO and HCs, came into use and continues to be a cen-
tral component of emissions controls. Figure 4-2 shows a diagram of a
three-way catalyst. Another key technological development needed for
the three-way catalyst is the adoption of electronic controls to tightly
maintain the air-to-fuel ratio® through the metering of fuel. Over the
years since the three-way catalyst was first introduced, important im-

? The air-to-fuel ratio is the ratio of the weight of air to gasoline entering the
intake in a gasoline engine. The ideal ratio for complete combustion is 14.7.
This ratio is called the stoichiometric air-to-fuel ratio. Air-to-fuel ratios less than
14.7 are called “rich” and contain excess fuel for complete combustion; air-to-
fuel ratios greater than 14.7 are called “lean” and contain more air than is re-
quired for complete combustion.
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FIGURE 4-1 Exhaust gas recirculation. Source: UTI 2005. Reprinted with per-
mission; copyright 2005, Isuzu Motors, Japan.
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FIGURE 4-2 Schematic of a three-way catalyst. Source: MECA 2003. Re-
printed with permission; copyright 2004, Manufacturers of Emissions Control
Equipment.
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FIGURE 4-3 Schematic of closed-loop controls. Source: Kyocera 2006. Re-
printed with permission from Kyocera; copyright 2006, Kyocera International
Inc.

provements have been made in catalyst efficiency and life and exhaust
gas sensors. The scope of improvement has allowed the three-way sys-
tem to achieve the progressively stricter California and federal standards.

Electronic Controls and Onboard Diagnostics

Electronic controls on light-duty vehicles involve the use of on-
board computers, sometimes known as engine-control units, and oxygen
sensors and enable the adoption of closed-loop fuel control. Closed-loop
control consists of the use of oxygen sensors in the exhaust and fuel-rate
adjustment capability in the carburetor or fuel injection system. Figure 4-
3 shows a schematic representation of the closed-loop system. The front
(or upstream) oxygen sensor monitors the efficiency of combustion in the
engine and allows the creation of a self-adjusting fuel metering system
that maintains the air-to-fuel ratio within a very narrow range. As shown
in Figure 4-4, the ability to decrease NO,, CO, and HCs simultaneously
in a three-way catalyst depends on the accurate control of the air-to-fuel
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FIGURE 4-4 Catalyst conversion efficiency as a function of air-to-fuel (A/F)
mixture ratio. Source: Adapted from Canale et al. 1978. Reprinted with permis-
sion; copyright 1978, SAE International.

ratio. The rear (or downstream) oxygen sensor monitors the efficiency of
the catalytic converter. Onboard computers are also able to control igni-
tion timing, transmission gear changes, and in a few engines, even valve
timing.

Onboard diagnostic (OBD) systems are incorporated into the com-
puters of vehicles to monitor the performance of the emissions controls.
OBD hardware and software do not directly control emissions but are a
vital part of emissions-control systems by monitoring various engine
functions, including the emissions-control system. Some manufacturers
incorporated OBD on a voluntary basis in model-year 1981 to help with
the service and reliability of their vehicles (Grimm et al. 1980; Gumble-
ton and Bowler 1982). The OBD system is made up of the sensors and
actuators used to monitor specific components as well as the diagnostic
software in the onboard computer. California regulators recognized the
potential of the OBD system, expanded the scope, and required it on new
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vehicles starting with a 1988 model-year phase-in. California and EPA
expanded the scope and coverage of diagnostics with the OBD II regula-
tions, which were phased in beginning with the model-year 1994 vehi-
cles. All light-duty vehicles built after 1996 (with a few exceptions) are
equipped with the OBD II system. OBD II periodically checks many
emissions-control functions, including the following components:
catalysts, oxygen sensors, evaporative canister purge system, fuel-tank
leak check, misfire detection, and onboard computers. As indicated in
Figure 4-3, the rear oxygen sensor is required as a part of the OBD II—
OBD I did not require the monitoring of the performance of the catalytic
converter.

Cold-Start Emissions Control

HC and CO emissions are higher during starting and the first few
minutes of vehicle operation. Under cold-start conditions, the engine
computer commands the fuel injectors to add excess fuel to the intake air
to ensure that enough fuel evaporates to yield a flammable mixture in the
engine. A typical engine-computer strategy injects excess fuel during the
first engine start using a fixed fueling schedule to reach idling conditions.
This open-loop operation, before the catalyst reaches peak efficiency,
can continue for several minutes at low ambient temperatures. During
this period, the engines in properly operating modern vehicles have the
highest emissions rates of CO, air toxics, and unburned HCs. Typical
heat-up times under mild ambient conditions (70-80°F) can be about 1
minute (min) for modern catalysts and even as short as a few seconds for
modern close-coupled catalysts (catalysts close to the engine). When
ambient temperatures are —20°F or lower, however, catalyst and engine
warm-up times can exceed 5 min (Sierra Research 1999). The long
warm-up time can result in a substantial increase in emissions, as shown
in Figures 4-5 and 4-6. In some locations, cold-start emissions can also
be a large fraction of the emissions inventory. For example, in Fairbanks,
Alaska, winter cold-start and initial-idle emissions contributed an esti-
mated 45% of overall on-road CO emissions (NRC 2002a). Because of
the importance of cold-start CO emissions, new cars and the lightest
category of light-duty trucks (LDT1) have been required since 1994 to
meet a CO limit of 10 g/mi on certification tests conducted at 20°F.

To meet stricter emissions standards, including the cold-start CO
standards and federal Tier 2 and California LEV II standards, vehicle
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FIGURE 4-5 Average CO emissions for a 111-vehicle test sample taken in
Fairbanks and Anchorage, Alaska, under temperatures ranging from —34° F to
14° F (“94 & Newer” applies to model years 1994-1998). Source: Sierra Re-
search 2000. Reprinted with permission; copyright 2000, Sierra Research, Inc.
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FIGURE 4-6 Average HC emissions for a 111-vehicle test sample taken in
Fairbanks and Anchorage, Alaska, under temperatures ranging from —34° F to
14° F (“94 & Newer” applies to model years 1994-1998). Source: Sierra Re-
search 2000. Reprinted with permission; copyright 2000, Sierra Research, Inc.
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manufacturers and suppliers focused much effort on reducing cold-start
emissions. This has been accomplished with low thermal inertia mani-
folds, ignition timing changes, and leaner air-fuel mixtures during cold
start along with low-heat-capacity catalysts with higher geometric sur-
face area and improved catalytic layer design.

Evaporative Emissions Control

Evaporative emissions are the HCs that escape from the vehicle that
do not come from the tailpipe. Originally, losses due to the evaporation
of residual fuel in the fuel metering system and diurnal fuel tank losses
were of concern. Running losses (evaporative emissions during vehicle
operation) also have been found to contribute to vehicle fuel emissions.
Evaporative emissions are evaluated using the Sealed Housing Evapora-
tive Determination (SHED) test developed by General Motors.

The uncertainties in estimating the evaporative contribution to mo-
bile-source HC emissions are large. Evaporative emissions were first
controlled nationwide in model-year 1971. Residual gasoline fuel vapors
in the carburetor and fuel tank were routed to a small (about 1 liter) con-
tainer of activated carbon for temporary storage and eventual use by the
engine. Figure 4-7 shows the design of a carbon canister. The basic de-
sign of evaporative control hardware has not changed much since 1971,
but as standards on evaporative emissions became more stringent with
the conclusion of running losses, control effectiveness increased greatly
due to improvements in materials, understanding, and measurement
techniques. For example, Babik (2005) reported that General Motors
would use less-permeable materials to construct fuel tanks, reduce the
number of connections in the fuel lines, increase the size and efficiency
of the carbon canister, and make other modifications to meet new Cali-
fornia evaporative emissions standards.

Fuel Composition and Emissions-Control Technologies

Fuel composition and quality are intrinsic in the design, develop-
ment, and performance of vehicle systems to meet the tailpipe and
evaporative emissions regulations. Some regulations can be considered
stand-alone programs, such as those for reformulated fuels or oxygenated
fuels. These are outside the scope of this report. Other properties affect
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FIGURE 4-7 Cross-section of a carbon canister. Source: TTM 2004. Reprinted
with permission; copyright 2004, Tightrope Technologies Motors, Inc.

the operation of emissions-control equipment. An important example is
the removal of lead from gasoline. The removal of lead from gasoline,
beginning in 1975 and completed by 1992, enabled the widespread adop-
tion of catalysts. Other advantages came with the adoption of catalysts
and the use of unleaded gasoline, including increased spark-plug and en-
gine life, longer exhaust-system life, and extended oil-change intervals.
In addition, the health effects of airborne lead were reduced. The sulfur
content of fuel has also been recognized to adversely affect the perform-
ance of catalyst technology (MECA 1998). This was a key finding of the
Auto-Oil Project (Benson et al. 1991), an industry-funded multiyear mul-
ticompany research initiative that helped to bring about the introduction
of reformulated gasoline. Among this project’s conclusions was that re-
ducing sulfur concentrations from 450 to 50 ppm would result in over a
10% decrease in CO and HC exhaust emissions in 1990 model year vehi-
cles. Although the impacts of sulfur are not as severe as the impacts of
lead in gasoline, sulfur in fuel is converted during combustion to various
sulfur-containing compounds that react with the catalyst surface and in-
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hibit the removal of other target pollutants. To address concerns about
the increased sensitivity of the newer technology in vehicles to sulfur
poisoning, EPA included new fuel standards that require refiners to meet
an average sulfur concentration of 30 ppm beginning by January 1, 2006,
in its Tier 2 rule (65 Fed. Reg. 6697 [2000]). Low-sulfur fuel provided
by the Tier 2 regulation is expected to improve catalyst performance of
many on-road light-duty vehicles by up to 30% for HCs, CO, and NOx.
Meeting an average sulfur content of 30 ppm has been required in Cali-
fornia gasoline since 1996.

TECHNOLOGIES TO CONTROL
HEAVY-DUTY-VEHICLE EMISSIONS

Current federal regulations do not require certification of complete
heavy-duty diesel vehicles, requiring instead certification of only the en-
gines. This is because of the difficulty in devising per mile limits for the
broad range of vehicles covered and the difficulty in developing a practi-
cal chassis dynamometer test. Consequently, the basic standards are ex-
pressed in grams per brake horsepower-hour (g/bhp-hr) instead of grams
per mile, the unit used for cars and light trucks.

Early regulations on heavy-duty diesel engines began in 1968 when
the National Air Pollution Control Administration, the agency that set
emissions standards before the founding of EPA, issued regulations to
limit visible smoke emissions from diesel engines used in on-road trucks
and buses. The technology used to achieve less smoke involved increas-
ing the air-to-fuel ratio by turbocharging, intercooling (cooling the en-
gine intake air to lower NOy emissions), and on some models, limiting
the fuel rate on acceleration and adjusting the engine timing. On-road
heavy-duty diesel vehicle emissions standards were implemented in Cali-
fornia in 1973 and the rest of the United States in 1974, the standards
were harmonized in 1988 (Lloyd and Cackette 2001). It was not until the
1977 CAA amendments that technology-forcing requirements for diesel
particulates and NO, were adopted, calling for heavy-duty diesel engines
to achieve the greatest emissions reduction achievable consistent with
consideration of costs, technology feasibility, and other factors. These
standards became more stringent throughout the 1990s, including more
stringent particulate matter standards for urban buses. Diesel engine and
combustion technology during 1988-2000 was vastly improved, more
than was achieved in the first 100 years of the diesel engine. Through
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model-year 2006, the standards were met primarily through engine-
operation modifications, including fuel injection, electronic engine con-
trols, combustion chamber design, air handling, and reduced oil con-
sumption (MECA 1997). In particular, the standards were attained
through improved diesel combustion systems using high-pressure electri-
cally actuated fuel injectors. Variable injection timing and multiple injec-
tions during a combustion event were possible through computer control.
EGR is also becoming popular on diesel engines as a means to reduce
NOx.

In early 2001, EPA issued new, more stringent regulations on emis-
sions from heavy-duty vehicles (65 Fed. Reg. 59896 [2000]; 66 Fed.
Reg. 1535 [2001]). These regulations tighten emissions standards and
require a decrease in the fuel sulfur content, strategies similar to those
adopted for light-duty vehicles. Low sulfur fuel is an important prerequi-
site for developing technologies to lower PM emissions. The regulations
that will be phased in for 2007 to 2010 model-year vehicles will reduce
PM and NOy emissions by at least 90% compared with current standards.
The use of new exhaust emissions-control technologies will be required
to meet the more stringent standards for diesel engines. These standards
force examination of a range of technologies, including diesel particle
filters (DPF), selective catalytic reduction (SCR) of NO, with ammonia,
and NOy absorber catalysts. Figure 4-8 shows a diagram of an SCR sys-
tem. Chapter 7 contains a discussion of these standards and the technolo-
gies that will be used to meet these standards.

Gasoline heavy-duty engines, like those used in passenger vehicles,
have benefited from the application of high-energy ignition (HEI), posi-
tive crankcase ventilation (PCV), exhaust gas recirculation (EGR), and
oxidation catalyst technologies. Subsequently, more stringent heavy-duty
gasoline engine regulations were met using a heavy-duty version of the
three-way catalyst and closed-loop oxygen-sensor fuel-metering system
proven in passenger cars.

TECHNOLOGIES TO CONTROL NONROAD
SOURCES FROM LAWNMOWERS TO LOCOMOTIVES

As emissions from on-road sources were reduced, emissions from

nonroad sources became a more important issue. Nonroad sources in-
clude the following engine categories:
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FIGURE 4-8 Schematic of selective catalytic reduction (SCR) system for NOy
reduction. Source: Omnitek 2006. Reprinted with permission; copyright 2006,
Omnitek Engineering Corporation.

e  Compression-ignition-equipment engines (construction and
mining, agriculture).

e  Small spark-ignition engines (lawn mowers, chain saws)

e  Large spark-ignition engines (forklifts, generators)

e  Marine compression-ignition vessel engines (commercial, rec-
reational inboard)

e  Marine spark-ignition vessel engines (jet skis, personal water-
craft)

e  Recreational vehicles (all-terrain vehicles [ATVs], snowmo-
biles, motorcycles)

The 1990 CAA amendments directed EPA to prepare a study of the
scope and sources of nonroad emissions and to regulate them if they
were found to make a substantial contribution to nonattainment of ozone
or CO ambient air quality standards. The EPA report did not make a
formal determination of a significant effect, but it contained an inventory
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of emissions from nonroad sources and concluded, ‘“because nonroad
sources are among the few remaining uncontrolled sources of pollution,
their emissions appear large in comparison to the emissions from sources
that are already subject to substantial emissions-control requirements”
(EPA 1991). Space does not permit a full description of all regulatory
actions by EPA and CARB. A few categories of such sources and their
emissions-control technologies are provided. Chapter 7 contains a dis-
cussion of recent emissions standards for small nonroad spark-ignition
engines and personal watercraft.

Nonroad emissions are the new frontier for mobile-source emis-
sions control for EPA and CARB. Table 4-3 lists some of the possible
emissions-control technologies for nonroad source. The multiple engine
types in nonroad sources and their variety of uses are likely to require
multiple emissions standards. Different nonroad sources will need to
have sets of standards and procedures for demonstrating compliance.
Although some control technology, such as the oxidation catalyst, is well
understood, the challenge will be in applying this technology to specific
engine applications. Transfer of technology to farm and construction
equipment from heavy-duty diesel and gasoline engines involves differ-
ent duty cycles, environment, and durability needs. Nowhere is the coop-

TABLE 4-3 Possible Emissions-Control Technologies for Nonroad
Mobile Sources

e  Spark-Ignition Engines
Fuel injection and feedback control systems
Exhaust gas recirculation systems
Three-way catalysts and advanced catalyst systems
High-energy ignition
Hybrid electric systems
Advanced combustion system design and control

e Compression-Ignition Engines
Turbocharging
Intercooling
Cooled exhaust gas recirculation systems
Oxidation catalysts
Selective catalyst reduction system
Lean NO, catalysts
NO storage catalysts
Catalyzed particulate filters
Hybrid electric systems
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erative evolution of technology and standards more appropriate than that
for nonroad sources.

Nonroad Diesels and Locomotives

As described in Chapter 3, locomotives and nonroad engines used
in farm and construction equipment with engines smaller than 175 horse-
power (hp) have been and continue to be exempt from state regulation.
Locomotive engines operate on diesel fuel and can be either two- or four-
stroke design engines. EPA has regulated locomotives nationwide since
2000. Engines smaller than 175 hp used in farm and construction equip-
ment can be either gasoline or diesel powered and are primarily four-
stroke design. Nearly all large farm and construction equipment is diesel
powered and can share control technology with heavy-duty trucks.
Spark-ignition engines in farm and construction applications may use
versions of gasoline heavy-duty-truck emissions controls.

Handheld Engine Applications

Handheld engine applications can be two- and four-stroke gasoline-
fueled engines. String trimmers, leaf blowers, and chain saws rely on the
low weight, compact high power of two-stroke gasoline engines. As dis-
cussed in Chapter 7, two-stroke engines emit large amounts of unburned
fuel and therefore emit more HC emissions than four-stroke engines (see
also Boyle 2002). Substituting a larger, heavier four-stroke engine poses
challenges in weight, cost, and product performance, yet many four-
stroke engines are being developed with lower exhaust emissions. Some
applications (for example, European chain saws) include some emis-
sions-control technology. However, the capability of such control tech-
nology to achieve EPA and state chain saw emissions regulations and
durability remains to be determined by manufacturers.

Lawn Mowers
Most lawn mowers are powered by four-stroke spark ignition en-

gines, although a few are powered by electric motors. Most gasoline-
powered lawn mowers have high HC and CO emissions during operation
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and high evaporative losses during refueling, operation, and storage.
Catalyst use to reduce exhaust emissions presents some complications
for this equipment. The heat release when HCs and CO are oxidized can
result in high exhaust temperatures and hot catalytic-device surfaces. The
application of catalytic exhaust systems can increase the risk of fire dur-
ing operation, refueling, and storage. Improved four-stroke engine de-
signs and catalytic-device shielding might reduce the risk of fires. New
technologies, such as stratified scavenging, have been found to improve
two-stroke engine emissions performance. These technologies create a
separation of the exhaust flow and the intake flow by creating pressur-
ized pockets that prevent the flow of fresh fuel charge into the combus-
tion chamber until the exhaust cycle is complete. Unburned fuel (HCs) is
thereby reduced. The most recent CARB standards for these engines,
including fuel evaporative controls, are discussed more in Chapter 7.

Watercraft and Related Two-Stroke Engine Applications

Personal watercrafts, such as jet skis, are powered by two-stroke
engines for their superior power-to-weight ratio. Lower emissions and
direct-injected two- and four-stroke engines are being developed for
these applications and for snowmobiles. Even though the four-stroke en-
gine emits much less HC than a two-stroke engine, emissions-control
equipment to reduce engine-out emissions of CO and HCs may be neces-
sary to meet regulations. Chapter 7 contains more information on recent
emissions standards for jet skis.

CONCLUSIONS

The basic elements of mobile-source emissions control result from
the co-evolution of emissions-control research and the promulgation of
vehicle and engine emissions standards. A central concept of the stan-
dards-setting process for mobile-source emissions is technology forcing.
A technology-forcing emissions standard requires a new vehicle or en-
gine to achieve an emissions limit through use of unspecified technology
or technologies that have not yet been developed for widespread com-
mercial applications. A review of emissions-control technologies empha-
sizes two general conclusions.
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e  The concept of technology forcing is central to the standards-
setting process for CARB and EPA. It has been applied to a wide range
of sources, including light-duty vehicles, on-road diesel engines, and
nonroad engines, for the control of CO, HCs, and NO,.

. Over the almost 50 years of mobile-source emissions regula-
tions, controls have evolved from the use of simple technologies to con-
trol light-duty vehicles to today’s sophisticated integration of engine,
fuels, and emissions-control technologies to control emissions from an
array of mobile sources. Compared with emissions rates of 1967 model-
year light-duty vehicles, the rates of new, properly operating vehicles
decreased by 95-99%.
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Assessment of Different Approaches to
Setting Mobile-Source Standards

The current system for setting mobile-source emissions standards
permits California to set more stringent standards than the federal U.S.
Environmental Protection Agency (EPA) and allows other states to
choose between the two. This system is an attempt to create a compro-
mise between two legitimate, yet competing interests—that of state gov-
ernments attempting to tailor regulations to meet air quality objectives
and that of manufacturers attempting to keep costs of equipment and dis-
tribution down.

In this chapter, the committee elaborates on the rationales for uni-
form versus two standards to clarify the key factors favoring one or the
other. The committee also discusses the harmonization and possible im-
pacts of different approaches in setting emissions standards. The chapter
concludes by outlining a framework for assessing the costs and benefits
to provide a basis for comparing the methods used by EPA, California
Air Resources Board (CARB), and other states that choose to adopt Cali-
fornia’s emissions standards.

RATIONALES FOR DIFFERENT APPROACHES
TO SETTING MOBILE-SOURCE STANDARDS

The current system for establishing mobile-source emissions stan-
dards in the United States is a compromise between two conflicting

interests. From the perspective of a mobile-source manufacturer, the ad-
vantages of uniform national emissions standards are clear and compel-
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ling. Dual standards complicate equipment design, magnify certification
costs and risks, erode economies of scale, and complicate supply-chain
logistics. Uniform national standards provide substantial economies in
production throughout the supply chain. By helping to keep costs down,
uniform standards benefit consumers. Dual standards will mean higher
prices for mobile sources in some or all regions, depending on how
higher costs are passed on to consumers.

From the perspective of a state government given the responsibility
of protecting the public’s health by meeting the National Ambient Air
Quality Standards (NAAQS), the need to have commensurate authority
to regulate emissions by all possible means is equally clear and compel-
ling. If one option for reducing emissions from a major contributor such
as a mobile source is preempted, the task of meeting air quality require-
ments might be more difficult. Both perspectives are valid, and the cur-
rent system under which California may set its own standards and other
states may adopt those standards reflects a particular compromise be-
tween the two competing interests. In this section, the arguments for hav-
ing uniform mobile-source emissions standards and for having dual stan-
dards are examined.

Arguments in Favor of Uniform Emissions Standards

From the earliest days of regulation of pollution sources, some ar-
gued that pollution standards for new mobile sources should be set at a
uniform level in all parts of the country. In fact, as this report describes
in Chapter 3, the federal government preempted the ability of individual
states to set separate mobile-source emissions standards and allowed
only California to obtain a waiver from the preemption.

The early legislative debate brought out a number of justifications
for setting uniform standards. On the basis of arguments presented by
vehicle manufacturers and others, Congress found that allowing states to
set different standards might cause economic disruption in vehicle mar-
kets and increased cost to consumers. Because of the substantial time
frame needed to modify and manufacture vehicles to different emissions
specifications, a particular concern was having consistent and fixed stan-
dards for manufacturers to take advantage of economies in productions.
An additional argument in favor of uniform standards was that mobile
emissions sources often cross state lines; therefore, the impacts of differ-
ent state standards on air quality and human health may be diluted and
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difficult to discern. For example, many heavy-duty diesel trucks rou-
tinely cross state lines.

In general, a uniform standard is thought to lower overall costs of
bringing mobile-source products to market. These arguments are drawn
from early congressional debates, vehicle manufacturers, and economic
principles. A uniform standard would accomplish the following:

e  Lower costs as a result of economies of scale in production.
Large-scale production also allows fixed costs of meeting new emissions
standards to be spread across more vehicles.

e  Keep the costs of distributing vehicles low. Different stan-
dards require mobile- source products to be matched to particular states.

e  Avoid duplicating inventory, certification, and testing costs
that might result when there is more than one standard.

e  Avoid boundary and enforcement problems. Mobile sources
cross state lines and enforcing different state standards would add to
costs.

Economies of Scale

Economies of scale in the production of mobile sources occurs
when the cost per unit declines with the number of units produced.
Large-scale production to meet a single standard could affect costs in
several ways. First, fixed costs imposed by a new standard include re-
search and development (R&D) expenditures, redesign and retooling of
plants, and certification of the vehicles or other mobile-source products.
Those costs would be reduced on a per unit basis with a larger volume of
production. For more than one standard, those fixed costs would be
higher but spread over approximately the same number of vehicles, rais-
ing the cost per vehicle.

Pure economies of scale in production often occurs up to a certain
output level. Due to specialization and production efficiencies, costs per
unit fall as production volume increases along an assembly line or across
an entire production facility. It has long been argued that scale econo-
mies continue for very large volumes of vehicle production (Maxcy and
Silberston 1959). However, automakers argue that it is increasingly diffi-
cult today to take advantage of scale economies in production because of
the rapid pace of technical change, which causes models to be outdated
more quickly than in the past. Different regulatory requirements may
also contribute to this trend. Although lower costs through larger produc-
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tion on a given assembly line still occur, manufacturers often cannot take
full advantage of scale economics (J. German, Honda, personal com-
mun., May 18, 2005; R. Babik, General Motors, personal commun., June
21, 2005).

There is evidence, however, that manufacturers are attempting to
find and exploit economies of scale in production whenever possible.
Truett and Truett (2003) find evidence of economies of scale for Fiat in
the Italian auto industry. The authors argue that for Fiat to be competitive
with other manufacturers in Europe, they will need to increase volume to
lower costs. Also, Chrysler is moving toward a world engine for all its
vehicles, which would allow Chrysler to achieve further scale economies
and reduce engine prices (Fletcher 2004). General Motors has moved to
purchase other companies, including Saab, in part to increase the poten-
tial for lower costs. It is integrating production facilities to achieve sav-
ings through scale economies and through common administrative of-
fices in finance, information systems, and fleet management. In a similar
approach, Ford and PSA Peugeot Citroén are integrating design and pro-
duction of diesel engines to achieve scale economies for lower-cost en-
gines that will be used in each companies’ different product lines. The
consolidation of vehicle manufacturers also points to the increased glob-
alization that is occurring among manufacturers of mobile sources.

Scale economies can reduce the cost of meeting any standard.
However, the extent of these economies can vary a great deal for differ-
ent engine types, vehicle types, and design changes. Compared with
light-duty-vehicle volumes, heavy-duty engine and vehicle sales volumes
are lower overall, so increasing sales volume with a uniform standard
might be particularly important for manufacturers of heavy-duty engines
and vehicles to take advantage of scale economies (French 2004).

In general, the committee could not obtain data from individual
manufacturers on the effects of specific emissions standards on fixed
costs or production costs. Manufacturers were reluctant to disclose such
proprietary information. Therefore, it is difficult to say that the extent to
which scale economies would be affected by a different standard in one
or more regions as compared with a uniform standard.

Inventory Costs
Uniform standards are most likely to keep inventory costs at the

lowest possible level for holding stocks of vehicles. Production levels are
always subject to uncertainty about demand conditions. To the extent
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that production does not exactly match demand, inventories will rise or
fall. The larger the number of types of products that must be delivered to
market, the greater the inventory holdings must be to meet fluctuations
and uncertainties in demand. Gruenspecht (2002) explained this issue for
the fuels industry in meeting multiple fuel standards and provided some
evidence about how large the effect could be. The increase in costs from
the need to hold larger inventories depends on the extent of the tailoring
of standards and the size of the different markets.

Automobile manufacturers have argued that higher inventory costs
of meeting two standards will result in higher vehicle prices and, there-
fore, fewer sales (R. Babik, General Motors, personal commun., June 21,
2005). Manufacturers have to produce more vehicles to meet uncertain
demand for several types of vehicles. Dealers may end up holding more
inventory or having to sell at a discount to prevent inventory buildup.
However, the committee could not obtain data from manufacturers to
evaluate the effects of two emissions standards on inventory costs.

Distribution Costs

Mobile-source distribution costs are most likely to increase if there
is more than one standard. There are logistical costs of getting different
types of vehicles or other products to different locations. In a presenta-
tion to the committee, Babik (2005) stated that General Motors has full-
time staff ensuring that fleet-average emissions within an individual state
meet the fleet-average emissions requirements specified for the Califor-
nia low-emission vehicle (LEV) II program. Honda has argued that dis-
tribution costs are one of the most serious problems it faces when there is
more than one standard. There is a great deal of uncertainty about
whether the right vehicles will get to the right markets—dealers can
swap over state lines, and the logistical difficulties in allocating vehicles
are substantial. To avoid dealing with these distributional issues, Honda
tries to certify at least some vehicles to meet a California and a federal
standard (J. German, Honda, personal commun., May 18, 2005). Manu-
facturers of handheld lawn and garden equipment argued that distribution
costs would be higher with two standards even if they produced the exact
same product because they would have to use different stock-keeping-
unit (SKU) identifiers on the same product. Different SKUs would have
to be scanned as a way to ensure that products sold in a state are comply-
ing with certification required by the state. Chapter 7 discusses some dis-
tribution complications associated with small-engine equipment.
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Economies of scale can also occur in distribution. For example, if a
vehicle is sold in a small state, it might be sold in all surrounding states
to take advantage of the scale economies in distribution. There is evi-
dence of that occurring in the LEV II program in northeastern states. For
example, Maine did not adopt the zero-emission-vehicle (ZEV) compo-
nent of the California LEV II program, but the surrounding states did by
2004. There is evidence that advanced-technology partial zero-emission
vehicles (AT-PZEVs), which are required under the ZEV mandate, have
been sold in Maine, even though Maine is not required to sell them.

Enforcement Costs

Because mobile-source emissions sources are numerous and can
cross state lines, separate standards in different jurisdictions must be en-
forced. In California, new vehicles cannot be sold or imported into the
state unless they show proof of California certification. There is a civil
penalty of $5,000 per vehicle for vehicles offered for sale or brought into
the state that do not meet the standards. California has had a fair amount
of success in enforcing their light-duty vehicle standards, mostly through
required registration, and through the inspection and maintenance (I/M)
program. In the last few years, California and EPA have worked together
to produce a uniform standard for heavy-duty trucks, many of which are
frequently driven across state lines. Even without separate standards,
California has found that trucks need to be inspected to ensure they have
in operation vehicle emissions-control components required based on
their model-year standards. In general, if vehicle I/M and centralized reg-
istration programs are already in place and enforced, the costs of enforc-
ing a separate standard will be reduced. In contrast, nonroad sources do
not have registration or inspection procedures in place and enforcement
must be done at the point of sale. The CARB annual reports of enforce-
ment activities (for example, CARB 2004a) detail the process used to
enforce mobile-source emissions standards in the state.

Enforcement costs are likely to vary a great deal with the type of
product and the technology for enforcement (Harrington et al. 1996). In
some industries, the production of the engine is separate from assembly
of the product. Heavy-duty diesel and small-engine manufacturers oper-
ate under that type of nonintegrated manufacturing system, unlike auto-
mobile manufacturing, which has fully integrated production of the vehi-
cle. Manufacturers using the nonintegrated system face a variety of is-
sues to comply with emissions standards, as discussed for small engines
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in Chapter 7. It is much harder for engine manufacturers to achieve com-
pliance with different standards if the engines cannot be tracked easily
through assembly and distribution.

Arguments in Favor of Dual Standards
Laboratory for Emissions Control

A key rationale for allowing one state to set the most stringent
technology-forcing emissions standards is that it could limit the risks of
failure. The principle that air quality standards are to be established at
levels that protect the public’s health implies that emissions standards
might be too stringent for the capabilities of existing technologies. Such
technology-forcing standards inevitably entail the risk that it might not
be possible to develop technologies that can achieve the standard at ac-
ceptable costs. The risks of setting technology-forcing standards are of
three types: (1) expenditures on research and development (R&D) do not
result in an acceptable technological solution, and the emission standard
is subsequently relaxed; (2) if the standard is implemented and technolo-
gies are implemented that are later found to be ineffective, capital in-
vested in production facilities and labor expended in production are also
wasted; and (3) if the modification of vehicles or equipment to meet the
emission standard results in unacceptable deterioration of the quality of
the product or other serious malfunctions, additional damages or recall
and retrofit costs might occur. Allowing more states to adopt the alterna-
tive standard can increase these risks. Allowing one state to function as a
laboratory is unlikely to lower R&D costs substantially. However, the
potential costs of derivative damages and remedies for technologies that
prove to be ineffectual or defective should be reduced because fewer ve-
hicles or pieces of equipment will have been produced.

If the “laboratory” state’s technology-forcing emissions standards
result in cost-effective technological breakthroughs, the rest of the coun-
try can take advantage of the new technologies by adopting equally
stringent standards without risk, although with some delay. By reducing
the risks of technology-forcing standards, the laboratory state model al-
lows the rest of the nation to enjoy cleaner air sooner than would be
achievable otherwise. As discussed in previous chapters, much of the
progress made in reducing emissions from mobile sources has come via
regulations that set emissions standards beyond levels that could be
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achieved with commercially available control techniques. Such technol-
ogy-forcing standards have often produced impressive advances in emis-
sions control that have enormous air quality and public health benefits.
Giving the responsibility for setting alternative emissions standards to
the state with the most difficult air quality problems has ensured that the
alternative standards would challenge the limits of available technology.
It is also not surprising that the most interest in having a second tighter
standard has historically been in California and the Northeast, which have
been struggling with reaching ozone attainment for the longest periods.

As the experience of having California and federal mobile-source
emissions standards has increased, other advantages have appeared. The
CARB regulatory process allows California standards to be amended
more rapidly without the federal regulatory review in the face of chang-
ing market and technological conditions. This process aids in the imple-
mentation of technology-forcing regulations. Having a second authority
establish emissions standards occasionally allows a division of labor in
research and analysis. For example, EPA specializes in developing stan-
dards for heavy-duty vehicles, and CARB specializes in developing stan-
dards for light-duty vehicles. Their coordination allows the leading
agency to do most of the work in the area in which it specializes and al-
lows the other agency to avoid duplicating the effort.

Matching Strategies to Conditions

A second rationale for having different emissions standards is the
potential efficiency gained by states when they have a greater ability to
match control strategies to the local conditions that determine air quality.
The severity and nature of air quality problems vary substantially across
geographic regions, as shown in detail in Chapter 2. The factors that de-
termine air quality vary from place to place and time to time. The quanti-
ties of air pollutants vary with such factors as the regional population,
intensity of vehicle traffic, number and types of industries, types of fuels
used to generate electricity, and the rate of biogenic emissions in the re-
gion. In addition, the factors that turn pollution into violations of
NAAQS depend on atmospheric chemistry, wind and air circulation pat-
terns, and many other climatic and topographical characteristics, all of
which vary substantially across the United States.

Regional differences in the factors that determine the quantities of
pollutant emissions and the processes that transform pollutants into air
quality problems and consequently into public health and environmental

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

144 State and Federal Standards for Mobile-Source Emissions

damage imply that uniform national emissions standards could be eco-
nomically inefficient in low-pollution areas and potentially ineffective
for meeting NAAQS in regions with the most extreme air quality problems.

Hlustrative Example for Dual Standards

To illustrate this economic efficiency argument, assume there are
two hypothetical regions attempting to reduce ozone pollution, one that
has greater sensitivity to nitrogen oxide (NOy) emission reductions and
the other that has greater sensitivity to hydrocarbon (HC) emission re-
ductions. Figure 5-1a shows the marginal costs and the marginal benefits
of reducing NO, emissions in both regions. Assume in this example that
NOy reductions are most important for reducing ozone in Region 2.
Therefore, the damage prevented by greater NO, reduction in Region 2
(the marginal benefit of compliance, labeled, MBgegion2) is above that
prevented by greater NOy reduction in Region 1 (MBgregion1). Assume fur-
ther that the additional costs of achieving successively greater NOy re-
duction (the marginal cost of compliance, labeled MCyox) are identical in
both Regions 1 and 2. If the emission standard for both regions is set at
Q1l—the efficient standard for Region 1 where marginal costs of control
equals marginal benefits—Region 2 will incur excessive damage in that
its marginal benefit from reducing NO, will be greater than its marginal
costs. Region 2 would be willing to incur additional costs up to C2 to
reduce NO, emissions up to Q2. The single uniform standard represented
by QI is economically inefficient because it does not allow Region 2 to
equate marginal control costs to marginal benefits.

Similarly, in Figure 5-1b, the marginal costs and benefits of HC
emission reductions are illustrated for the two regions. Assume that Re-
gion 1 has ozone levels that respond more to HC emission changes and
that Region 2 has ozone levels that respond more to NO, changes and
less to HC emission changes. Once again, the standard has been set at the
efficient standard for Region 1, namely q1. However, this level of control
is excessive for Region 2, which would prefer control level q2 at the
lower cost of ¢2. In this example, Region 2 has too little NOy control, as
shown in Figure 5-1a, and too much HC control. Not only is Region 2
incurring excessive damage in that its marginal benefit from reducing
NOy is greater than its marginal costs, it is also wasting money on unnec-
essary HC controls. In this example, allowing each region to tailor their
emission reductions to their needs (Q1 in Region 1 and Q2 in Region 2
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FIGURE 5-1 Costs and benefits of (a) NO, reduction and (b) HC reduction in
Regions 1 and 2. The lines represent marginal costs (MC) and marginal benefits
(MB) for NO, and HC controls in each region. Vertical axes represent the costs
and benefits for NO, (C) and HC (c¢) controls. Horizontal axes represent NOy
(Q) and HC (q) emissions reductions.

for NOy4 and ql in Region 1 and g2 in Region 2 for HC) allows them to
meet air quality goals in the most economically efficient manner.

Additional Complexities

Emissions and their air quality effects are more complex than
shown in this simple figure. NOy is a precursor to particulate matter (PM)
as well as ozone, so the effect of NO, standards in PM markets should
also be considered. HC controls also have an effect on the reduction of
hazardous air pollutants. Another complication is that a single region is
not necessarily homogenous. For example, NARSTO (2000) concluded
that local HC emission reductions may be effective in reducing ozone in
urban centers, while NO, emissions reductions are more effective at dis-
tances removed from urban centers.

Other qualifications to the simple model are also important. The ar-
gument as illustrated in Figure 5-1 is based on the assumption that states
can be expected to make the correct choice between two available op-
tions, one focused on HC control and one focused on NO, control. Policy
choices are not always so clear, however. The model also does not ad-
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dress the possibility that a state might choose a set of standards that ad-
versely affects air quality in a downwind state.

For many reasons, the single emission-standard system is economi-
cally inefficient and often ineffective in achieving air quality goals.
However, setting mobile-source standards for each region is not a feasi-
ble option and not necessarily optimal for many of the reasons argued
above. Having two standards to select from, the California standard or
the federal standard, offers regions at least a choice and may provide
states with opportunities to develop more efficient levels of control.

HARMONIZATION OF STANDARDS AND PROCEDURES
General Context

Harmonization refers to the practice of aligning regulatory stan-
dards and procedures of different jurisdictions to relieve regulatory bur-
dens on industry and consumers by allowing for greater scale economies
in production and distribution. Most nations have adopted one of three
types of emissions standards for mobile sources: (1) the United States
federal emissions standards, (2) the European Union (EU) standards, or
(3) the Japanese emissions standards (Jorgensen 2005; Walsh 2005).
Most countries outside North America are adopting EU emissions stan-
dards rather than developing their own. For example, China and India
have adopted the EU standards for both light- and heavy-duty vehicles,
whereas Korea and Brazil have adopted EU standards for heavy-duty
vehicles and U.S. or CARB standards for gasoline-powered light-duty
vehicles (Walsh 2005). Regulators from the three authorities also meet
frequently to find ways to make their emissions requirements and certifi-
cation procedures similar.

Their efforts have had some success but have not achieved com-
plete unification of standards and procedures. Different driving charac-
teristics and atmospheric conditions make the nature of emissions and the
severity of pollution problems vary across the globe. For example, differ-
ing driving conditions in Japan and the United States contribute to differ-
ences in standard driving cycles for certifying vehicles. As within the
United States, there are economic interests that seek harmonization, and
there are air quality needs and other characteristics that are better served
by differences in standards and certification tests. Harmonization need
not imply that standards are to be the same. Many countries are adopting
older EU or U.S. standards first and then progressively tighten them in
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the same manner that has historically occurred in the EU and the United
States, although often at an accelerated pace.

Global Operations of Manufacturers

The increasing globalization of manufacturing of mobile-source
equipment is having an impact on improving harmonization on an inter-
national basis. Increased globalization means that foreign manufacturers
are producing and selling their products within the United States, and
domestic manufacturers are producing and selling globally. As discussed
above under Economies of Scale, major automobile manufactures now
have alliances with foreign competitors. In addition, many of the major
automobile manufactures, both U.S. and foreign, have manufacturing
subsidiaries around the world. Globalization also has an impact on the
small-engine manufacturing sector. Importing and exporting in the small-
engine industry has increased steadily since 1990. Since 1995, imports
have been rising and rose to $359 million in 2000, according to the U.S.
International Trade Commission. Exports of lawn and garden equipment
have also increased steadily to a level of $867 million. Canada and
France have continued to be the largest market for U.S. manufactured
outdoor equipment. Both countries accounted for over $300 million in
exports for U.S. companies in 2000.

Harmonization of Standards and Certification

Harmonization involves the levels of pollutant emissions and the
test procedures used to measure emissions. Harmonization of certifica-
tion procedures can be as important as harmonization of emissions levels
because driving cycles and operating conditions (such as cold versus hot
start and ambient temperatures) can have a strong impact on emissions
levels. Different certification regimes may not only require repeat testing
of the same vehicle and separate testing facilities but may also impose
different technology and design requirements. Driving behavior, traffic
conditions, and the ambient environment can vary substantially from one
region to another. As a result, full harmonization is not always the most
desirable situation. It may be preferable and more cost-effective to allow
both standards and procedures to differ in accordance with local needs
and conditions. Nonetheless, even where different standards are appro-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

148 State and Federal Standards for Mobile-Source Emissions

priate, there may be opportunities to harmonize technical aspects of re-
quirements and procedures with meaningful benefits.

In the United States, California and the EPA have jointly sought
opportunities to harmonize mobile-source emissions standards. A single
nationwide standard can have strong advantages, such as successful har-
monization of heavy-duty diesel engine (HDDE) standards and test pro-
cedures. The following excerpt is from the California Air Resources
Board digest (CARB 2005d):

On October 25, 2001, the Board considered and adopted,
without modifications, the amendments to California’s current
HDDE standards and test procedures that staff proposed. To
harmonize federal and California requirements for 2007 and
subsequent HDDEs, the Board adopted more stringent emis-
sion standards and slight changes to the supplemental test re-
quirements used in the California certification process for
2007 and subsequent model year HDDEs. The adopted re-
quirements are identical to those adopted by the U.S. EPA.

Balancing Harmonization

Recognizing the needs of some states to adopt more stringent mo-
bile-source emissions standards to help meet air quality goals, a desirable
objective is harmonization of CARB’s and EPA’s certification proce-
dures. Although meaningful differences in standards can be important in
achieving clean air, superficial differences, in areas such as certification
procedures, can be wasteful. As technological advances create the ability
to manufacture extremely low-emissions vehicles at a reasonable cost,
regulators should make a determined effort to harmonize not only the
levels of emissions required but also the procedures for testing and certi-
fication to the maximum extent possible without sacrificing the primary
goal of achieving clean air.

POTENTIAL IMPACTS OF
EMISSIONS-CONTROL TECHNOLOGY COSTS

The pricing, employment, and production effects of standards are

complex and will depend on consumer preferences, overall vehicle and
machine characteristics, and the ability of firms to innovate in the face of
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FIGURE 5-2 Impacts of safety and emissions equipment and other quality im-
provements on average vehicle price from 1967 to 2001. Source: Sperling et al.
2004b. Reprinted with permission; copyright 2004, University of California,
Davis.

regulation. In general, emissions-control regulations can be assumed to
result in higher prices paid by consumers, other things being the same.'
There is evidence from the literature that vehicle prices have been higher
through time than they would have been without environmental regula-
tion (White 1982; Crandall et al. 1986). For example, Figure 5-2, uses
information provided in Ward’s Automotive Yearbook to estimate that
one-third of the price increase on new cars between 1967 and 2001 could
be attributed to safety and emissions regulations. However, prices
charged in markets do not always reflect the full cost of producing the
product; pricing decisions also depend on other considerations, such as
profits and sales. The assumption here is that manufacturers will try to
pass on the higher costs of emissions controls in the form of higher
prices. Under such conditions, higher prices will reduce unit sales and,
depending on the price elasticity of demand, may increase or decrease

' The exception to this rule would be when technological change induced by
emissions regulations leads to a serendipitous discovery that lowers overall
costs. While recognizing that this phenomenon can occur, we do not discuss it
here because it represents an unanticipated outcome where lower emissions
come with lower costs (a win-win situation).
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manufacturers’ revenues, which will affect profits. Employment is likely
to fall in some parts of the vehicle and engine manufacturing industries
as a result of fewer products being produced. Employment is likely to
rise in other industries, such as manufacturers of emissions-control
equipment as more or different pollution-control components are needed.
Despite requests, the committee has been unable to obtain detailed quan-
titative information on how vehicles and other mobile sources are priced
and what the production and employment effects of different standards
have been in the past.

In general, if emissions standards are necessary to protect public
health as defined by the Clean Air Act, then the possibilities of reduc-
tions in profits and employment are trade-offs that society has implicitly
accepted. There are still, however, the distributional effects when one
region sets or adopts stricter standards. If all the negative impacts occur
within the state, it can be assumed that the state will take account of
them, but there can be both costs and benefits that fall outside the adopting
state. When making the decision to adopt, California and other states usu-
ally do not consider impacts outside their own borders.

An argument has also been made that the imposition of emissions
standards will cause domestic manufacturers of small engines to move
production from the United States to a lower-cost location. If a firm is
competitive in the U.S. today and does not have sufficient incentive to
move offshore, this argument asserts that the additional cost of the emis-
sions-control equipment tips the scales in favor of relocation. The cost of
capital, such as that for major pollution control requirements, could trig-
ger a relocation decision. For example, it might be less expensive for a
company to retool and relocate to a new lower-cost facility in another
country than to retool and re-outfit an existing manufacturing plant in the
United States. The elasticity of demand for products affects the ability to
pass costs on and therefore to recover the investment of capital. A deci-
sion to relocate could possibly be the only option to remain competitive.

The relocation decision can also be affected by the product and
market diversity of a company. A company that is solely in the small-
engine or small-equipment industry would not have the same capability
to absorb capital costs and fixed and variable overhead that a company
that has small nonroad engines and equipment plus motorcycles, auto-
mobiles, marine, agricultural or industrial products. Because the small
nonroad engine and equipment industry is diverse, having large diversi-
fied companies, large undiversified companies and many small compa-
nies, located in the United States and overseas, the impacts of state stan-
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dards may vary widely. Some may choose to move production to a
lower-cost location to remain competitive whereas others may choose to
not offer a product in a particular market. Some might have the flexibil-
ity to absorb the cost of regulations, and some might have to take drastic
measures to maintain their competitive position in the market. In other
cases, firms might already have an economic incentive to move production
offshore and may do so even if the emissions regulation is not enacted.

One important issue is when and whether the emissions regulations
would trigger or accelerate a move out of the country. The committee
lacks sufficient information to evaluate substantively such issues with
respect to domestic small-engine manufacturers. However, the question
raises a number of important policy issues. Given the wide range of fac-
tors that determine whether domestic manufacturers are at a competitive
disadvantage compared to foreign manufacturers, these issues are often
resolved in the political arena.

AN OVERVIEW OF THE POSSIBLE
STANDARD-SETTING OUTCOMES

The committee summarizes the general benefits and costs of allow-
ing an additional state standard compared with a uniform standard. Table
5-1 surveys the benefits and costs with some indication of the distribu-
tion of the effects in different regions. This table does not identify all
effects of the alternative regulatory policies. It summarizes benefits by
describing only the direction of the effect on benefits from improved air
quality resulting from probable changes in emissions. The real benefits
come from health and welfare improvements resulting from changes in
air quality and emissions. More issues in estimating benefits and costs
are discussed in greater detail in the following section.

Separate Standards Set Only by California

The second column of Table 5-1 compares the cases of having a
separate standard in California and having a national uniform standard.
Under the current waiver process, California may set a separate and more
stringent standard than the rest of the country. The emissions reductions,
air quality benefits, and health improvements of a stricter standard will
occur in California, and the state is likely to weigh those benefits in as-
sessing the need for the stricter standard. In addition, other jurisdictions
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might be affected by the stricter standards, depending on the mobile
source and the pollutant. For example, air quality benefits might spill
over into adjacent states, depending on wind patterns, such as ozone-
reduction policies that can affect air quality in parts of Arizona and Ne-
vada and relocation of cleaner California units to neighboring states.
Current California law requires that the standard-setting process in the
state not consider effects elsewhere in the country. This law is unlikely to
cause any objections if there are only spillover benefits. However, costs
that affect other regions do raise objections, as discussed below.

Direct Costs

The costs of a separate standard in California are the resource costs
of developing and producing a different product for the California mar-
ket. These costs include the higher costs to the manufacturers in fixed
costs (R&D, retooling, and certification costs) and production costs. In-
ventory costs are also likely to be higher if inventory holdings have to be
higher with two markets. The costs of distributing a different vehicle to
California might be somewhat higher as well. Higher costs to the manu-
facturers are likely to be passed on at least partially to buyers in Califor-
nia, but higher prices also mean fewer products sold. It is difficult to de-
termine who pays for these higher costs, because pricing strategies by
mobile-source producers often depend not only on the cost of the vehicle
but also on other marketing and profit strategies. As Sperling et al.
(2004b) point out, “the relationship between pricing and costs is quite
complex.” Finally, to maintain compliance with the separate standard,
California probably has some administrative and enforcement costs.

Distribution of Costs

Some of the costs of California’s separate standards probably fall
on jurisdictions other than California. As discussed in Chapter 3, these
costs are not typically considered in the formal standard-setting process
in California. Production and employment effects could be either positive
or negative in other parts of the country as a result of the separate stan-
dard. Production sites might need to be different for a product with a new
standard, or a new standard may mean retooling or relocation of existing
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plants, as discussed earlier in this chapter. For example, Hanz and Hotz
(2005) argued that a more stringent standard in California for Briggs and
Stratton Corporation might require sufficient retooling to cause it to relo-
cate plants outside the United States. The committee did not obtain any
information to determine whether relocation was a plausible result of the
imposition of a second emissions standard on any industry. The case
study is discussed more in Chapter 7.

There are also changes in employment and sales for the emissions-
control industries when there are additional stricter standards. Because
new technology must be developed and sold, new products will be de-
veloped, and the product mix of emissions-control parts will be changed.
Emissions-control industries will expand, although sales of some equip-
ment may not be as robust in the absence of a national market that is
available under a uniform standard.

CARB (2001a) discussed how the board found that the costs of one
emission standard was passed on to consumers. CARB concluded that
(1) manufacturers might not pass on all the costs associated with the
zero-emission vehicle (ZEV) mandate and might absorb them internally;
(2) automakers do not mark up cars sold in California to reflect the in-
creased cost of emissions controls there; and (3) costs associated with the
ZEV program and other California vehicle emissions-control initiatives
might be spread across all car purchases in the United States, not just in
California. Vehicle manufacturers also claim that they usually cannot
pass emissions-control costs to consumers through higher prices if vehi-
cles are similar in other respects, although views differ on whether the
increased costs are only to California consumers or are spread across the
country (J. German, Honda, personal commun., May 18, 2005; R. Babik,
General Motors, personal commun., June 21, 2005).

Impacts on Federal Standards

A final point about allowing California to set more stringent stan-
dards than the rest of the country is that this policy has sometimes led to
more stringent standards nationwide. One of the major rationales de-
scribed above for allowing California to explore when and how to set a
more stringent standard is that it will serve as a laboratory for emissions
control in the rest of the nation. When California acts as a laboratory,
additional federal standards might have higher benefits and lower costs
than would otherwise occur. California standards as they evolve over
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time might help to identify ways to more cost-effectively reduce emis-
sions. The federal government might then adopt stricter standards already
proved to be effective in California. In that case, inventory and distribu-
tion costs will depend on whether the new standard is harmonized with
California’s standard or whether it is different. In some cases, the federal
government has adopted a stricter standard at least in part because of
California’s more stringent standard. For example, the federal Tier II
program for light-duty vehicles is stricter than earlier standards but is
different from California’s LEV II program. In other cases, such as HDDE
standards after 2007, the standards are identical.

Some have argued that when CARB sets a stricter standard that is
adopted by EPA, California in effect sets standards for the entire nation.
Since CARB bases its standards on the needs of the Los Angeles area,
the most polluted regions of the country are likely to benefit the most,
but these standards are unlikely to be efficient for all regions.

Opt-in Provision for Other States to Adopt California Standards

The third column of Table 5-1 compares (1) the benefits and costs
of allowing states to adopt (also called opt-in) the California standards
with (2) the benefits and costs of not allowing states to adopt the Califor-
nia standards. There are effectively two standards—one in California and
opt-in states and one in the rest of the country.

When states are allowed to adopt the California standard, as some
do now under the section 177 provisions of the Clean Air Act, there are a
range of benefits and costs. The opt-in states will identify improvements
in health and welfare within the state. Emissions reductions from stricter
standards may also spill over into other states that do not adopt, allowing
for air quality and health benefits in other jurisdictions. These spillover
benefits probably will not be considered during the state decision proc-
ess, because few decision-making bodies have any regional jurisdiction
over environmental issues. In the case of the northeastern states, the
Northeast States for Coordinated Air Use Management (NESCAUM)
provides a regional perspective on mobile-source emissions standards
policy.

The costs of the stricter standards for the opt-in states are difficult
to determine. The full costs of additional emissions controls will not be
reflected in the prices of individual vehicles. As mentioned above, vehi-
cle pricing by manufacturers is complex and reflects many factors, in-
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cluding marketing strategies for different vehicles. Vehicle manufactur-
ers argue that they usually cannot pass emissions-control costs to con-
sumers through higher prices if vehicles are similar in other respects. If
emissions-control costs are not included in vehicle prices in opt-in states,
the costs will probably be spread across the vehicle fleet and perhaps the
nation. In that case, the opt-in region might benefit, but the costs are
spread nationwide. If prices of vehicles in the opt-in states reflect cost
differences, consumers might try to cross states lines to buy vehicles, and
regions would have to make greater enforcement efforts.

Overall, there will be benefits and higher costs in the opt-in states.
The higher costs might not reflect the full costs of the standards, but the
committee did not have the data needed to evaluate that issue. Some
spillover effects from opt-in states can occur from changes in emissions
and air quality, sale of products in regional markets, and employment
effects in states that do not opt-in.

There is some evidence that allowing a separate standard in Cali-
fornia and all states to opt-in might induce manufacturers to produce uni-
form products for the nation at the more stringent standard. For example,
automobile manufacturers have stated their intention to certify all their
vehicles according to the stricter California evaporative emissions stan-
dards rather than produce some vehicles certified according to federal
standards and some certified according to California standards. The in-
creased costs of having a uniform standard, even a stricter standard, may
be lower than the costs of complying with two separate standards. Vari-
ous manufacturers have expressed a willingness to comply with some
stricter standards as long as they are uniform (Hanz and Hotz 2005;
Jorgensen 2005; J. German, Honda, personal commun., May 18, 2005).
Manufacturers’ preference for one standard suggests that the scale
economies and inventory and distribution costs of different standards are
high enough to offset any additional costs of meeting a stricter uniform
standard.

ISSUES IN ANALYSIS OF BENEFITS
AND COSTS OF STANDARDS

The next two chapters review mobile-source emissions standards
for a number of specific cases. Before the committee examines those
cases in detail, we review here some of the important overall issues re-
lated to costs and benefits of standards in the analyses of these regulatory
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activities. OMB (2003) and EPA (2000b) provide specific guidance on
the preparation of economic analysis for EPA rule-makings.

Benefits: Importance of Health and Welfare Effects

The effects of a regulatory policy on human health and welfare are
the key elements that define the benefits of any mobile-source regulation.
Further, in a full benefit-cost analysis of a regulation, both benefits and
costs are estimated in dollars. Dollar values are particularly difficult to
estimate on the benefit side because emissions changes must be tracked
through their effects on air quality to their health consequences and fi-
nally to the value of various health outcomes. Attempts at such estimates
are increasingly frequent, however, in regulatory assessments. The last
link to dollar benefits is important because of the range of different pol-
lutants affected by a mobile-source regulation and the variation in the
severity of health outcomes that occur under those regulations. Aggregat-
ing emissions changes, as is done in cost-effectiveness analysis (see be-
low), usually does not account for the different effects of pollutants on
human health and welfare. A thorough analysis of estimating the benefits
of air pollution regulations can be found in NRC (2002b).

The data are often not available for a full analysis of the benefits,
and the data needed for such an analysis are often expensive to collect,
particularly for multiple small regions. Nevertheless, the link of the regu-
latory change to air quality and to health is important and often gets lost
in the regulatory analyses. One can argue that the goal of the emissions
reductions targeted in a state implementation plan (SIP) is to provide an
indirect link to air quality and health benefits. Thus, regions often evalu-
ate policies in terms of the emissions reductions since the NAAQS are
designed to protect public health.

Cost-Effectiveness Analysis

Cost-effectiveness analysis can be a useful way to compare regula-
tory policies when only the emission changes resulting from the policy
and the costs are known. A cost-effectiveness measure is calculated as
the full cost of the policy in relation to the resulting emissions reduc-
tions. The costs and emissions-reductions outcomes over time must be
measured relative to a baseline set of outcomes. For example, one cost-
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effectiveness comparison of the on-road diesel standards would be the
costs and emissions resulting from those standards compared with the
emissions allowed under the previous standards. With SIP emissions
goals in place, this comparison of standards is the most frequent policy
tool used by state and local governments to consider policy alternatives.

Several issues arise in the implementation of cost-effectiveness
analysis. Looking only at the average costs and emissions reductions
from a specific regulatory policy does not reveal whether that policy
should be adopted. One aspect of adoption is environmental equity: costs
may be borne by a segment of the population that gets little of the benefit
or vice versa. The policy must be compared with alternative policies that
attain similar emissions reductions at lower costs or with policies that
attain greater reductions at the same cost. When it is possible, incre-
mental analysis of policy components may be more appropriate than
analysis of the average cost-effectiveness of an entire package of policies
or standards. Parts of the policy may be cost-effective but other parts
costly relative to alternatives.

Finally, policies to reduce mobile-source emissions often result in
the reduction of multiple pollutants because a single pollutant, such as
NO,, might contribute to increased concentrations of multiple other pol-
lutants, such as ozone and PM. If the denominator of the cost-
effectiveness calculation is in tons, then the effects of different pollutants
on air quality and human health will not be distinguished. For example, if
the effect of NO, reductions on ozone and therefore on health differ be-
tween Massachusetts and Texas (for example, because of interactions
among pollutants), those different effects will not show up in cost-
effectiveness analysis unless the tons of reductions from the different
pollutants are somehow weighted by their relative impacts on air quality
and health.

Estimating Costs

Estimating costs is more complex than simply assessing the costs of
the emissions-control technologies. Costs should include the full oppor-
tunity costs, including not only private costs but also public costs. As
described above, the costs of many mobile-source standards involve not
only additional equipment costs but also fixed costs, such as R&D, dis-
tribution, and certification costs, associated with a new standard. The
public costs of enforcing a stricter standard include testing and monitor-
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ing products in the region where they are being sold. Cost savings from
the regulation, if any, should also be included, and direct and indirect
costs should be considered.

There are also complex incentives for the various groups that pro-
duce cost estimates to inflate or understate costs, making independent
analysis difficult. A frequent argument is that a regulated industry has an
incentive to overstate the costs of complying with regulations, in part to
convince regulatory authorities to make regulations less stringent. The
regulatory agencies might have the opposite incentive, to understate
costs, if their goal is to enforce regulations that will have the greatest
effect on emissions and air quality. For example, Anderson and Sher-
wood (2002) found that EPA cost estimates for regulations on highway
vehicles and their fuels were generally significantly lower than estimates
from other stakeholders. Thus, ex ante estimates of the costs of regula-
tion are not only predictions based on best estimates of future technol-
ogy, design, and behavior, they may also be subject to bias based on the
perspective of the estimator. Goodstein and Hodges (1997) and OTA
(1995) found that ex ante costs tend to be overestimated, compared with
ex post costs, because new technologies not anticipated in the ex ante
analyses are often discovered in response to the regulation. Squitieri
(1998) and Harrington et al. (2000) find the issue of assessment of costs
to be more complex than these early studies suggest. First, it matters who
is doing both the ex ante and ex post studies, since the biases discussed
above can be inherent in both. Second, it is important to assess costs in
combination with emissions reductions. For example, if total costs are
accurately estimated but the emissions are only half of those originally
predicted, then the costs of achieving the emissions goal are actually
higher than estimated. When these issues are taken in account, the accu-
racy of ex ante cost estimates are somewhat more mixed than the early
studies suggested (Harrington et al. 2000).

Estimating Indirect Benefits and Costs

Indirect effects should be examined, and any that are significant
should be included in any regulatory analysis. For example, one presen-
tation to the committee (Austin 2005) included an analysis of the effect
of the cost of stricter new light-duty-vehicle standards and the effects of
the higher price of new vehicles on fleet turnover. Higher new vehicle
prices may slow new vehicles purchases. Austin argued that the emis-
sions reductions of stricter standards are not as high as the direct esti-
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mates show because the slowing of fleet turnover tends to increase fleet
emissions. Another example is that if stricter standards are adopted in
one state, residents there might cross-over to adjacent states to buy vehi-
cles. The magnitude of this behavioral change can be estimated to deter-
mine how much benefits would be reduced. Recent rules that treat fuels
and engines as a system, such as the federal Tier 2/low sulfur standards
discussed in the following chapter, add to the complexity of estimating
impacts since such standards produce non-emissions benefits such as
improved engine life, longer spark plug life, greater oil change intervals,
and reduced maintenance. Other indirect impacts include impacts on
safety, which are discussed in more detail in Chapter 7.

Accounting for Learning Over Time in Cost Estimates

The tendency for manufacturing costs to decrease as experience is
gained through cumulative production increases the difficulty of estimat-
ing the costs of future emissions controls. For most manufacturing proc-
esses, including vehicle production, the unit costs of production have
been shown to fall over time as producers gain experience in producing
the product. A number of studies of vehicular and other products show
that there is a distribution of this type of learning effect on costs. The
amount of learning will depend on the technology and production proc-
ess involved. However, the most common value for this “progress ratio”
found in the empirical literature is about 0.8, meaning that as production
increases by 100%, costs fall to 80% of their previous value (Argote and
Epple 1990; Manson et al. 2002). Rubin (2005) found evidence that costs
for installed vehicle control devices have fallen at slower rate, closer to
93% as production volumes double. Although the committee is not in the
position to judge the evidence for the presence of such a progress ratio
for reducing costs, it does note that such learning curves have been used
by EPA to estimate the long-term cost of regulations (more than 5 years
after implementation) for the Tier II tailpipe standards (EPA 1999a), for
the heavy-duty diesel rule (EPA 2000c¢), and for the Phase II final rule on
handheld spark-ignition engines (EPA 2000d).

Comparing Cost-Benefit Estimates with a Baseline

Cost-benefit estimates will also vary depending on the assumptions
made about conditions in the absence of new emissions standards. It is

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

162 State and Federal Standards for Mobile-Source Emissions

important that costs and benefits of emissions reductions be compared in
a consistent way with an assumed or forecast state of the world in the
absence of the proposed standards. The baseline can include changes in
external factors or other policies that might occur over time if the policy
under consideration is not adopted. The baseline will have a time profile
to which the costs and emissions reductions of the proposed standards
can be compared as they vary over time.

Comparing Cost-Benefit Estimates with Alternatives

An evaluation of the costs and benefits of adopting a new standard
should include a comparison of the costs and benefits of feasible alterna-
tive policies. Alternative design or implementation of a standard should
consider whether the same air quality goals could be met by a new stan-
dard or by a more flexible set of standards. It could also consider whether
the costs and benefits of a specific set of standards can compare to alter-
native ways to reduce emissions from the same sources or from different
sources.

Accounting for Uncertainty

Estimating the future emissions reductions (or when possible, the
benefits) and costs of a stricter standard are going to be highly uncertain.
Point estimates of emissions reductions and costs often convey precision
in the estimates that is not warranted. Some knowledge of the extent of
uncertainty is necessary to decide whether a new policy would be cost-
effective.

There are various ways to reflect the extent of uncertainty. The
most accurate way is to use statistical techniques that show the underly-
ing probability distributions of different outcomes. Probabilistic analyses
of health outcomes are being done for federal standard setting. The most
recent example is the Regulatory Impact Analysis done by EPA (2004¢)
for the federal rules for nonroad heavy-duty engines.

For mobile-source standard setting, particularly at the state level,
there are not enough data on either costs or benefits to do this type of
statistical analysis. Some sensitivity analysis on costs and benefits would
be useful but is rarely done. The emissions reductions are often estimated
using the MOBILE or EMFAC models, which have assumptions incor-
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porated about future changes. Uncertainty must be included by identify-
ing the assumptions that have the greatest uncertainty and by varying
those assumptions in plausible and transparent ways. For example, if
there is uncertainty about the effectiveness of a particular technology, that
can be reflected by showing a range of results. Similarly for costs, areas of
uncertainty can be identified and plausible alternative assumptions can be
used to generate a range of cost estimates.

Distributional Effects

It is important to identify the groups who are likely to be affected
by emissions reductions from a proposed standard and who are likely to
bear those costs. The benefits and costs may differ across geographic
areas within the region considering the standard or they may be distrib-
uted in other regions or throughout the country. As discussed above, in
many cases, vehicle pricing policies result in the same price for the same
model vehicle regardless of whether the standards are stricter, indicating
that the costs of adopting stricter standards in one region are paid
throughout the country.

CONCLUSIONS

The current system of regulating mobile-source emissions that al-
lows a second set of emissions standards is a compromise between the
interests of manufacturers, who prefer a single set of emissions standards
to reduce compliance costs, and state air quality managers, who prefer
standards tailored to air quality objectives. The desire to harmonize
emissions standards and certification testing procedures stems from the
need to improve regulatory efficiency. Several conclusions come from
this chapter.

e  Emissions-control regulations can be assumed to result in
higher prices paid by consumers, other things being the same. Impacts
from a second set of standards include changes to equipment and certifi-
cation costs as well as costs related to distribution and enforcement.
Quantifying the impacts of a second set of standards, however, is diffi-
cult. Costs are difficult to assess. Pricing, employment, and production
effects are complex and depend on consumer preferences, overall vehicle
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or machine characteristics, and the ability of firms to innovate in the face
of regulation. The committee has been unable to obtain detailed quantita-
tive information on the pricing of vehicles and other mobile sources, and
the production and employment effects of different standards in the past.

e  Recognizing the needs of some states to adopt more stringent
mobile-source emissions standards to help improve air quality, a desir-
able objective is to harmonize CARB’s and EPA’s certification proce-
dures. Although meaningful differences in standards can be important in
achieving clean air, superficial differences, in such areas as certification
procedures, can be wasteful. Harmonization of standards and testing pro-
cedures also has the global context of foreign manufacturers producing
and selling their products within the United States and domestic manufac-
turers producing and selling their products globally.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

ile Source Emissions

Light-Duty-Vehicle Emissions Standards

On-road light-duty vehicles (LDVs), such as cars, vans, pickup
trucks, and sport utility vehicles (SUVs), have the longest history of mo-
bile-source emissions regulation in the United States. Because of their
numbers and activity, these vehicles have historically contributed the
most to total mobile-source emissions. As discussed in earlier chapters,
California’s low-emission-vehicle (LEV) program, introduced in 1990,
was an important milestone that helped define today’s California and
federal on-road emissions standards. The LEV program is the primary
California mobile-source emissions standard adopted by other states.
This case-study chapter presents an overview of the LEV program and
compares the standard-setting practices of the California Resources
Board (CARB) and the U.S. Environmental Protection Agency (EPA),
including the practices used to develop the California LEV II and federal
Tier 2 standards now in place. The chapter also discusses the practices
used by other states in adopting California’s LEV emissions standards.

THE LOW-EMISSION-VEHICLE PROGRAM

The California legislature enacted the California Clean Air Act of
1988, which instructed CARB to “achieve the maximum degree of emis-
sion reduction possible from vehicular and other mobile sources” (Cal.
Health & Safety Code § 43018(a)). In response to this new legislative
mandate, CARB approved an ambitious new rule-making in 1990 to
regulate vehicle emissions. The LEV program consisted of several regu-
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lations to reduce emissions substantially from light- and medium-duty
vehicles beginning in model-year 1994. These regulations included strin-
gent new exhaust emissions standards for nonmethane organic gas
(NMOG), nitrogen oxides (NOy), carbon monoxide (CO), particulate
matter (PM), and formaldehyde.

Rather than requiring every vehicle to meet the same emission
standard, the LEV program featured a fleet-based approach, which al-
lows manufacturers the flexibility to meet new emissions standards aver-
aged across their entire product line. This format of the standard, which
reduces overall compliance costs, allowed manufacturers a longer devel-
opment time for vehicles that are the most difficult to control. For LDVs,
CARB defined a set of four categories of emissions standards and al-
lowed each manufacturer to certify its vehicle models to any mix of the
available standards, provided that the sales-weighted fleet of the manu-
facturer met the applicable average emission level for that model year.
The four available emissions standards in order of increasing stringency
were for the transitional low-emission vehicle (TLEV), low-emission
vehicle (LEV), ultra-low-emission vehicle (ULEV), and zero-emission
vehicle (ZEV). The fleet-average requirement was based on NMOG
emissions, and this average became progressively more stringent each
model year from 1994 through 2003 (see Table 6-1).

A second feature of the LEV program is that it sought to regulate
the vehicle and its fuel as an integrated system. CARB determined that
the proposed regulations would encourage vehicle and fuel manufactures
to work together to develop LEVs and clean fuels (CARB 1990). In addi-
tion to California’s ultra-clean reformulated gasoline, the slate of clean
fuels a manufacturer could choose from included methanol, ethanol,
liquified petroleum gas (LPG), and compressed natural gas (CNG). Un-
der the regulations, vehicle manufacturers were required to notify CARB
2 years in advance if they intended to certify a LEV vehicle using such
an alternative fuel (13 California Code of Regulations [CCR] § 2303). If
vehicle manufacturers announced an intention to market a combined total
of at least 20,000 vehicles operating on a given clean fuel, then CARB
would mandate the availability of such a fuel at California service sta-
tions (CARB 1990).

A third feature of the LEV program is that it included a mandate for
ZEVs. CARB defined ZEVs as vehicles that have no exhaust or evapora-
tive emissions of any regulated pollutant (CARB 1990). As initially
adopted, this ZEV sales mandate required 2% of the passenger cars and
light-duty trucks produced and delivered for sale in California by each
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large-volume' manufacturer to be ZEVs in the 1998 model year. This
requirement increased to 5% in 2001 and 10% in 2003. Although the
ZEV mandate was technologically neutral in that it did not specify the
technology required to meet the ZEV standard, CARB noted that, at the
time, only battery-powered electric vehicles were candidates to be ZEVs.
CARB also stated that other technologies (such as fuel cells) could be
developed in the future to meet the standard (CARB 1990).

The ZEV mandate was a notable departure of the LEV program
from the flexibility of allowing manufacturers to choose how to comply
with the NMOG fleet-average requirement. Nevertheless, CARB con-
cluded that such a mandate was necessary because a “significant penetra-
tion of ZEVs is crucial to long-term attainment of the ambient standards
in the South Coast, and there is no assurance that ZEVs will be devel-
oped without the limited, measured ZEV sales requirements in the regu-
lations” (CARB 1991). An important aspect of a ZEV is the additional
emissions benefits that are gained because there is no deterioration of
emissions-control equipment over time. Although the primary objective
of the ZEV mandate was to reduce vehicle emissions, CARB identified
secondary benefits, including the investment by industry and communi-
ties in batteries and infrastructure for ZEVs (CARB 1991), the potential
to “contribute to national and state energy diversity and security,” and
the potential “to revitalize California’s economy through job creation and
growth in an emerging industry” (CARB 1994a). (Although ZEVs have
no emissions, electricity produced from fossil fuels to charge ZEVs re-
sults in air pollutant emissions, and these emissions, either inside or out-
side of California, affect air quality.)

The LEV program included a credit program to give manufacturers
additional flexibility to meet the standards. Manufacturers could earn
NMOG fleet-average credits in any model year by achieving a sales-
weighted fleet-average emissions level lower than the applicable fleet-
average standard for that model year. The credits could be sold to other
manufacturers or applied to help the manufacturer achieve compliance in
future model years, although the credits are substantially discounted with
time. A second credit program pertaining to the ZEV mandate allowed
manufacturers to obtain credits for complying with the ZEV mandate

! Generally, small-volume manufacturers in California sell fewer than 4,500
vehicles and engines per year, intermediate-volume manufacturers sell 4,501-
60,000 per year, and large-volume manufacturers sell the remainder of the vehi-
cles sold in California. See Title 13, California Code of Regulations, Section
1900 for exact definitions.
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early. Like the NMOG credits, ZEV credits could be banked internally
for future use or sold to other manufacturers. CARB initially rejected
suggestions that hybrid electric vehicles (HEVs) should be eligible for
partial credits under the ZEV mandate (CARB 1991) but provided some
additional NMOG credits for HEVs that achieved certain performance
goals.

A final feature of the California LEV program is its built-in process
for periodic review of the program and revision, if necessary. Because of
the far-reaching and long-term nature of the LEV program, CARB com-
mitted to a biennial review of its LEV program to monitor manufacturer
compliance plans and to identify any problems with the feasibility of its
demanding program. In response to this mandate, CARB has produced
several reviews (CARB 1994b, 2000a,b).

The Zero-Emission-Vehicle Mandate

Although the overall LEV program was widely considered success-
ful at reducing vehicle emissions and promoting advanced emissions-
control technologies, the ZEV experiment has fallen short of its original
expectations to promote the widespread use of electric vehicles. This re-
quirement, which was premised on the availability of electric vehicles by
model-year 1998, is an example of misjudgment by CARB that the re-
quired and expected ZEV technology would be feasible. CARB has re-
vised its original ZEV mandate with four sets of successive revisions,
resulting in a much diluted requirement today that no longer emphasizes
electric vehicles and affecting CARB’s credibility in the program itself.
General Motors invested an estimated $1 billion over several years to
develop ZEVs, which now do not appear to be headed for widespread
use in society (GM 2005). To put this number in context, General Motors
spent approximately 6.5 billion on total research and development in
2004 (Hira and Goldstein 2005).

The problems of the ZEV mandate are reflected in CARB’s shifting
estimates on the feasibility and costs of using electric vehicles. CARB
initially thought in 1990 that, by 2000, electric vehicles would be compa-
rable in cost to conventional vehicles plus an estimated $1,350 per vehi-
cle cost for the batteries (CARB 1990). In 1994, CARB increased its es-
timate of the incremental additional costs of an electric vehicle to
$5,000-$10,000 more than a conventional gasoline-fueled vehicle
(CARB 1994b). In its 2000 review of the ZEV mandate, CARB staff es-
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timated that the incremental cost of a freeway-capable ZEV would be
approximately $20,000 more than a conventional vehicle (CARB 2000a).

The biennial reviews of the LEV program that CARB promised in
adopting the program have largely focused on the ZEV mandate from the
second biennial review in 1994, In the 1994 review, vehicle manufactur-
ers emphasized concerns about the feasibility of the ZEV mandate and
requested that CARB relax the ZEV mandate to permit ZEV credits for
such vehicles as HEVs with extremely low emissions (CARB 1994b).
CARB concluded at the end of a 2-day public hearing on the subject that
the ZEV mandate was an important part of the LEV program, and no
revisions were necessary at that time. CARB also instructed the staff to
reconsider the role of HEVs within the framework of the ZEV mandate.

In preparation for the biennial review in 1996, CARB established
an independent panel of experts to evaluate the readiness of electric ve-
hicle battery technology to meet the ZEV mandate in the 1998 model
year. The expert panel report concluded that even under “a complete suc-
cess scenario,” with no delays or unforeseen obstacles, “electric vehicles
with commercial-production advanced batteries could become available
in 2000 or 2001 at the earliest (Kalhammer et al. 1995). The panel also
found that lead-acid batteries limited electric vehicles using such batter-
ies to a small “niche” market. Based on the basis of the expert panel’s
recommendations, CARB voted to repeal the California ZEV mandate
for model-years 1998 through 2002 to provide “time necessary for ad-
vanced technology battery developers to achieve commercialization”
(CARB 1996).

In 1996, CARB also negotiated separate memoranda of agreement
(MOA) with each of the seven manufacturers initially subject to the ZEV
mandate. The MOAs required the manufacturers to place over 1,800 ad-
vanced-battery electric vehicles into operation in demonstration pro-
grams in California between 1998 and 2000. Manufacturers were also
required to offset the emissions benefits that would have been achieved
by the ZEV mandate from 1998 through 2002 by agreeing to the nation-
wide introduction of LEVs several years before such vehicles could be
mandated under the federal CAA (CAA). (This manufacturer obligation
was implemented through the National Low Emission Vehicle [NLEV]
Program described below in the section Influences of the LEV Program
on National Mobile-Source Emissions Standards.) The MOAs also obli-
gated CARB to work with state and local governments to help develop
ZEV infrastructure and remove other barriers to ZEV implementation.

Following the biennial review in 1998, CARB further relaxed the
2003 mandate in its LEV II rule-making (see below) by allowing ZEV
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credits to be earned by vehicles with near-zero emissions, referred to as
partial ZEVs (PZEVs). Intermediate-volume manufacturers were permit-
ted to meet their ZEV mandate requirements entirely with PZEV credits,
and large-volume manufacturers were permitted to meet up to 60% of
their ZEV mandate requirements with PZEV credits. A manufacturer
could obtain from 0.2 to 1.0 ZEV credit for each PZEV sold, depending
on the vehicle’s characteristics.

In the 2000 biennial review, CARB again appointed an advisory
panel of battery experts to evaluate the availability and cost of electric
vehicle batteries. The expert panel concluded that advanced technology
batteries with reasonable cost and performance characteristics would not
be available in time to meet the 2003 mandate. The panel found that the
most promising advanced battery was a nickel-metal hydride battery but
that production of such batteries in quantities to meet the 2003 ZEV
mandate would be $9,500 to $13,000 per battery, many thousands of dol-
lars above the cost that could be commercially viable. Moreover, such
batteries would produce a range of only 70-100 miles, which was below
the expectations of most potential customers. The battery panel con-
curred with the manufacturers “that EVs with the battery costs and limi-
tations anticipated for the foreseeable future will find only very limited
markets, well below the numbers of vehicles called for by the ZEV regu-
latory provisions beginning in 2003” (Anderman et al. 2000).

Moreover, as part of its analysis for the 2000 biennial review,
CARB determined that the PZEV standard would be “extremely chal-
lenging” for many vehicles to meet and that most manufacturers would
not be capable of complying with the ZEV mandate in 2003 by using
PZEV credits (CARB 2000a). CARB also recognized that in the initial
years of the ZEV mandate, manufacturers would not be able to recover
the full cost of ZEV production by using only price. Unless the state and
local air districts could provide the substantial funds that would be
needed to subsidize these vehicles, manufacturers would have to either
absorb the economic losses internally or pass on the costs to purchasers
of other vehicles (CARB 2000a).

Despite those findings, CARB voted unanimously at its September
2000 meeting to affirm the mandate as an essential component of Cali-
fornia’s long-term air quality strategy and to retain the basic ZEV re-
quirements (CARB 2000c). CARB nevertheless instructed staff to de-
velop some regulatory fine-tuning to address the challenges associated
with the successful long-term implementation of the ZEV program. A
month later, CARB staff expressed concern that the biennial review
process and resulting revisions to the ZEV mandate “has interfered with
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the orderly growth of the ZEV market, because of the uncertainty it in-
troduces into planning and implementation activities on the part of manu-
facturers, government agencies, and other parties” (CARB 2000d).”

At its next meeting to review the ZEV mandate in January 2001,
CARB further relaxed the ZEV mandate. The 2001 amendment allowed
large-volume manufacturers to meet another 20% of their ZEV obliga-
tion with partial credits from advanced-technology vehicles known as
AT-PZEVs. AT-PZEVs include gasoline HEVs that meet specific crite-
ria. Several other refinements and additions to the ZEV credit structure
were enacted in this same rule-making.

In June 2002, a California federal judge issued a preliminary in-
junction against implementation of the ZEV mandate in a lawsuit
brought by vehicle manufacturers and dealers. The lawsuit contended
that the ZEV mandate as modified in 2001 was preempted by the federal
fuel economy standards (Central Valley Chrysler-Plymouth, Inc., et al. v.
Witherspoon, Case No. CIV F-02-05017 REC SMS [E.D. Cal.]). As part
of a settlement of that litigation in April 2003, CARB amended the ZEV
mandate to provide an Alternative Compliance Plan (ACP) option in
which large-volume manufacturers could meet much of their ZEV re-
quirement by producing their sales-weighted share of approximately 250
fuel-cell vehicles by 2008. The required number of fuel-cell vehicles
would increase to 2,500 from 2009 to 2011, 25,000 from 2012 to 2014,
and 50,000 from 2015 to 2017.

CARB recognized that other states might adopt the California ZEV
program and ACP under section 177 of the federal 1990 CAA and might
require production of their own fuel-cell vehicles, which would require
manufacturers to produce more fuel-cell vehicles (CARB 2004b). To
address that problem, CARB allowed a fuel-cell vehicle placed in any
state that had adopted the California ZEV program to count toward Cali-
fornia’s ZEV requirement and conversely allowed any fuel-cell vehicle
placed in California to count toward another state’s ZEV requirement.
The start date for those requirements was delayed from 2003 to 2005.

The 2003 amendments to the ZEV mandate are the most important
yet, and they strongly signaled CARB’s recognition that electric vehicles
are not a promising technology to achieve the zero-emission goal to
which the agency still strongly adheres (CARB 2004b). As part of this

? Public Workshop to Discuss Issues Related to the Zero Emission Vehicle
Regulations: Agenda and Background Material, Oct. 16, 2000.
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rule-making, CARB undertook another evaluation of the feasibility of
battery electric vehicles and concluded that “the cost and performance
characteristics of advanced batteries have not meaningfully changed”
since the 2000 battery panel report, and that “even at substantially in-
creased production levels full function EVs would not be cost competi-
tive with conventional vehicles, and that there does not appear to be a
viable path that will result in commercialization for general markets.”
(CARB 2004b). In contrast, “manufacturers appear to believe there is a
business case for fuel cell development. Staff concurs that the technology
shows great promise and fully expects fuel cell development to proceed
to commercialization” (CARB 2004b). CARB estimated that vehicle
manufacturers had already invested “several billion dollars to date in de-
veloping fuel cell technology and have publicly stated plans to continue
heavy investment in the next decade” (CARB 2004b). CARB concluded
that despite this effort, “fuel-cell ZEVs are clearly not ready for volume
production” at this time (CARB 2004b). In the meantime, there have
been “rapid advances” in HEVs and similar extremely clean vehicles
certified according to the PZEV and AT-PZEV standards (CARB
2004b). “Under these circumstances, CARB has concluded that the best
course of action is to take full advantage of the near-term possibilities
afforded by PZEVs and AT-PZEVs, and adopt a stepwise approach to-
ward pure ZEV commercialization that takes into account the desire of
vehicle manufacturers to devote their entire ‘gold’ vehicle [pure ZEVs]
focus to fuel cell ZEVs” (CARB 2004b).

Despite the numerous revisions and delays in implementing the
ZEV mandate, CARB claims that its ZEV mandate has been “instrumen-
tal in promoting battery, fuel cell, component and vehicle research and
development” (CARB 2000b). A study commissioned by CARB found
that the California ZEV mandate had produced important secondary
benefits in such categories as new economic development in California,
advanced vehicle development, vehicle emissions reductions outside of
California, and nonelectric vehicle applications of advanced batteries
(Burke et al. 2000). Similarly, the 2000 CARB battery panel (Anderman
et al. 2000) found that the battery research motivated by the California
ZEV mandate undoubtedly benefited the development of better batteries
for use in HEVs. These batteries have much less stringent technical re-
quirements than do totally electric vehicle batteries. Although the ZEV
mandate has had some indirect beneficial impacts in motivating research
into hybrid electric and fuel-cell vehicles, these benefits cannot obscure
the fact that the ZEV mandate forced manufacturers to devote consider-
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able resources to develop electric vehicles, which appear at the present to
be economically unviable. CARB’s chairman was quoted in the press,
“We have put a lot of faith in battery electric vehicles to meet the [zero-
emission vehicle] mandate, but in spite of significant efforts batteries
have inherent limitations. We’re not giving up on the goal of the zero-
emission vehicle, but we have to be realistic. No matter how you cut it, it
is disappointing” (Polakovic 2002).

This history of the LEV and ZEV demonstrates the benefits of us-
ing California as a laboratory to experiment with aggressive, high-risk
strategies. The technology-forcing requirements that CARB imposes can
result in major breakthroughs in emissions controls. When CARB
adopted its LEV standards, vehicle manufacturers claimed that the stan-
dards were not technologically feasible within the available lead time
(CARB 1991). Under the pressure of the LEV regulations, vehicle manu-
facturers were able to exceed expectations in reducing emissions from
gasoline-powered vehicles to near-zero levels. As discussed below, the
success of the LEV program in California benefited emissions-control
strategies across the nation and was primarily responsible for making the
new federal standards for model-year 2004 more stringent than they oth-
erwise would have been.

An inevitable consequence of a high-risk strategy is the likelihood
that some policies will fail, and the electric vehicles envisioned under the
California ZEV mandate appear to have failed. Manufacturers had a
good record of complying with performance-based emissions standards.
In contrast, the ZEV mandate was a technology-specific regulation in its
early stages and proved to be too challenging. Although the costs and
disruptions of the electric vehicle mandate were substantial, they were
limited to a relatively small segment of the national market. The results
of the CARB ZEV experiment support the idea of having one state (Cali-
fornia) serve as a laboratory for experimentation in emissions control.

Impacts of LEV Program on LDV Emissions-Control Technologies

The LEV program provides a good example of California’s role as
a laboratory for innovation and technology to reduce mobile-source
emissions. The primary success of the LEV program has been in achiev-
ing near-zero levels of tailpipe emissions from gasoline-fueled vehicles,
exceeding the expectations of experts in both industry and government.
One of the reasons that CARB initiated the low-emission vehicle/clean
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fuels program was that it thought that alternative fuels were likely to be
needed to get vehicle emissions down to the ULEV standard or lower. In
fact, because of the combination of technology-forcing and flexibility in
the LEV program, manufacturers have achieved much greater progress in
reducing emissions from conventional vehicles than was believed possi-
ble in 1990. In the words of CARB’s chairman, Dr. Alan Lloyd, under
the LEV program, “We’ve seen the near impossible accomplished with
gasoline vehicles: zero evaporative emissions, exceedingly clean ex-
haust—cleaner, in some cases, than the outside air entering the cabin for
ventilation purposes and emission control systems that are twice as dura-
ble as their conventional forebearers, forecasted to last an astonishing
150,000 miles” (CARB 2003b).

The technologies that enabled this enormous progress are a combi-
nation of improved catalyst technology, better on-board diagnostic sys-
tems, and cleaner reformulated gasoline (Ehlmann and Wolff 2005). For
example, in adopting the LEV program, CARB expected that manufac-
turers would comply with the LEV and ULEV standards primarily by
installing electrically heated catalysts. Electrically heated catalysts re-
duce cold-start emissions, which account for a large majority of the re-
maining emissions from modern motor vehicles (CARB 1991). However,
manufacturers achieved the ULEV standard and beyond in gasoline-
fueled vehicles through improved materials that allowed the catalyst to
be more heat resistant, resulting in faster warm-up by allowing them to
be placed much closer to the engine. The elimination of the electrically
heated catalysts to comply with the LEV standards reduced the cost and
simplified integration into the vehicle design.

Indeed, compliance with California standards creates its own subset
of automobile engineering research featured in such journals as Topics in
Catalysts and Applied Catalysis and publications of the Society for
Automotive Engineers. Examples of such research for the LEV program
are Summers et al. (1993), Smaling et al. (1996), and Truex (1998).
More recent examples include technologies to comply with aspects of the
LEV II program, such as McKinnon et al. (1999), Heck and Farrauto
(2001), and Kim et al. (2001).

The impact of California standards is characterized several times in
this report as either a success due to CARB’s role in looking at fuels and
engines as an integrated unit or as a failure due to its inability to bring
about widespread use of electric vehicle technology. In reality, it is too
simplistic to characterize the outcomes as simple successes and failures.
For example, the impact of the ZEV on the introduction of popular hy-
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brid technologies is not straightforward. The pursuit of many low-
emissions technologies, including hybrid technologies, came in response
to CARB standards for lower and zero emissions vehicles. However,
CARB initially did not favor the HEVs as a part of the ZEV mandate.
Sorting out the full relationship between the ZEV mandate and HEVs
requires an in-depth understanding of many factors, including strategic
business strategies, beyond the purview of this committee.

Influence of the LEV Program on National
Mobile-Source Emissions Standards

Many northeastern states actively pursued adoption of California’s
LEV program in the 1990s to achieve emissions reductions that would
help to meet their air quality goals. Thirteen northeastern states that were
the members of the Ozone Transport Commission (OTC), created by the
1990 CAA amendments, pledged in October 1991 to adopt the California
LEV standards. Massachusetts, New York, and Maine adopted LEV
emissions standards between 1991 and 1993. As a result of those state
efforts, manufacturers proposed in the fall of 1993 that they would vol-
untarily provide low-emitting cars that exceed the federal standards to
the 49 non-California states in return for the northeastern states abandon-
ing the California LEV program, particularly its ZEV mandate (Jolish
1999). This initial proposal resulted in over 4 years of active negotiations
among the states, vehicle manufacturers, and other interested parties un-
der the active supervision of EPA. The resulting NLEV program could
provide stricter standards before EPA since the 1990 CAA amendments
specified that the next set of federal emissions standards (Tier 2), if nec-
essary, were not to begin until 2004 model-year vehicles.

In October 1995, EPA published a public notice of its plans to im-
plement a voluntary NLEV program (60 Fed. Reg. 52733 [1995]). EPA
determined that the NLEV program would result in equivalent or better
emissions reductions in the Northeast Ozone Transport Region than
would be achieved by having state-by-state adoption of the California
LEV program (including the ZEV mandate) (60 Fed. Reg. 52737
[1995]). EPA also concluded that NLEV would reduce states’ costs of
improving air quality by avoiding separate, duplicative state programs
(60 Fed. Reg. 52736 [1995]). It took another 2 years until the NLEV pro-
gram was finalized by EPA in early 1998 (63 Fed. Reg. 926 [1998]). Un-
der this voluntary program, vehicle manufacturers would provide low-
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emitting vehicles to all northeastern states beginning in 1999 and to all
49 non-California states beginning in 2001, and the states would forego
implementation of the California LEV program. The program would re-
main in effect until the 2006 model year. Four states (Massachusetts,
New York, Maine, and Vermont) refused to adopt the NLEV program
because they were unwilling to forego the ZEV mandate and the Califor-
nia standards for medium-duty vehicles, which were not included in the
NLEV program. Despite the four holdout states, EPA calculated that the
NLEV program would achieve greater emissions reduction in the North-
east region than either regionwide adoption of California LEV by the
OTC or state-by-state adoption of the LEV program. The greater emis-
sions reduction would be largely due to the reduced emissions from per-
manent or short-term migration of cars into the Northeast from other
parts of the nation and to the implementation the NLEV program at an
earlier time than would be possible for adoption of the LEV program in
all northeastern states. EPA described the NLEV program as “cleaner,
smarter, cheaper” than the California LEV program for reducing motor
vehicle pollution in the Northeast states (62 Fed. Reg. 31192 [1997)).

The NLEV program provides two major lessons. First, the technol-
ogy-forcing nature of California standards can benefit not only California
but also the rest of the country. The NLEV program, which resulted in
substantial reductions of vehicle emissions across the nation beyond
what was required under the 1990 CAA amendments, could exist only
because of California’s leadership in forcing stricter emissions controls
and the rights of other states to adopt those standards under section 177
of the federal CAA. Without the emissions-control technology resulting
from the California program and the legal authority of other states to
adopt the program, vehicle manufacturers would have had no incentive
to enter into the NLEV program. The second lesson of NLEV is that ve-
hicle manufacturers are prepared to expend substantial resources to avoid
a patchwork of state emissions requirements. The NLEV commitment by
manufacturers demonstrates with actions rather than words that two
standards do impose a substantial burden on manufacturers.

CURRENT CALIFORNIA AND
FEDERAL EMISSIONS STANDARDS

In 1998, CARB proposed a rule-making for LEV II emissions stan-
dards to take effect with model-year 2004 vehicles. The technologies
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used by auto manufacturers to meet the original LEV emissions stan-
dards, particularly catalysts, created the potential for emissions control
beyond the LEV standards. The LEV II program kept the key features of
the LEV program and introduced several new features. The LEV II pro-
gram included a restructuring of the light-duty-truck (LDT) classifica-
tions, and many pickup trucks and SUVs are now subject to the same
emissions standards as passenger cars. Since the start of the LEV pro-
gram, the fraction of pickup trucks and SUVs in the fleet had increased
substantially (see discussion in Chapter 3). Many of those vehicles were
previously classified as LDT (3,751 to 5,750 lb loaded vehicle weight
[LVW?]) or medium-duty vehicle (MDV) (various categories from 3,751
to 14,000 Ib test weight [TW]) under the LEV program and were subject
to less stringent emissions standards than passenger cars and the smallest
LDTs (those with a LVW of 3,750 Ib or less). In the LEV II program, the
LDT 2 category includes trucks weighing 3,751 to 8,500 Ib GVW, which
includes many of the models of pick-ups, SUVs, and vans that are now
commonly used as passenger vehicles. All passenger cars and LDTs less
than 8,500 Ib GVW are subject to the same emissions standards under
the LEV II program.

In addition to subjecting more LDTs to the most stringent stan-
dards, the LEV II program certified each vehicle according to standards
at 50,000 and 120,000 miles. The LEV II program introduced another
new emissions class called super-ultra-low emission vehicle (SULEV)
and removed the transitional LEV (TLEV) category. SULEV emissions
levels are even lower than ULEV levels and have no intermediate life
certification. Furthermore, the permissible level of NO4 emissions in the
LEV and ULEV certification categories at 50,000 miles was reduced
from 0.2 to 0.05 grams/mile (g/mi). Under LEV II, the NMOG fleet av-
erage will continue to decline yearly from 0.062 g/mi in 2003 to 0.035
g/mi in 2010 for passenger cars and LDT 1 and from 0.085 g/mi in 2004
to 0.043 g/mi in 2010 for LDT 2. (These and further specifications for
the LEV II program are discussed in CARB [1998a, 1999].)

The federal 1990 CAA amendments included new national LDV
emissions standards to begin with model-year 1994, known as Tier 1
standards. Although these levels were more stringent than the pre-1990

3 Vehicle weight is defined a number of ways and is different for different
vehicle classes. Loaded vehicle weight (LVW) is the curb weight plus 300 Ib.
Gross-vehicle weight (GVW) is the curb weight plus a full payload. Test weight
(TW) is used for CARB’s medium-duty vehicles and is the average of a vehi-
cle’s curb weight and GVW.
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emissions standards, Tier 1 standards did not include the features of Cali-
fornia’s LEV program—for example, flexibility of vehicle classes, fuel
requirements, and a ZEV sales mandate. As discussed above, NLEV
standards based on California’s LEV program replaced Tier 1 standards
in 1998 and aligned federal and California vehicle emissions standards,
although the NLEV did not include a ZEV component. The CAA, how-
ever, specified that Tier 2 emissions standards for LDVs and MDVs were
to begin with model-year 2004. The CAA directed EPA to assess the
need for Tier 2 standards and to adjust the levels of the standards in light
of air quality needs, technical feasibility, and cost-effectiveness. Logi-
cally, EPA set Tier 2 standards at levels that were commensurate with
the great advances in emissions-control technologies introduced in the
1990s, in part, as a result of the LEV program. Tier 2 also incorporated
some features of the LEV program, such as the flexibility of a fleetwide-
average standard, the ability for manufacturers to certify according to
different emissions classes (called bins), and the reliance on low-sulfur
fuel to achieve the prescribed standard. Because of concerns about the
increased sensitivity of the new-technology vehicles to sulfur poisoning,
the Tier 2 standards required refiners to meet an average sulfur concen-
tration of 30 ppm beginning January 1, 2006. Low-sulfur gasoline was
introduced in California in the 1990s. Another important similarity be-
tween Tier 2 and LEV Il is that LDTs up to 8,500 Ib GVW are subject to
the same stringent emissions standards as passenger cars after a phase-in
period. In contrast to LEV II, Tier 2 includes a fleet-average NO, emis-
sions standard, which does not decline with time after the program is
phased in. Table 6-2 summarizes the features of LEV II and Tier 2.
Emissions reductions over the fleet of vehicles subject to Tier 2 and
LEV II programs in coming years will depend on many factors and as-
sumptions about the future mix of vehicles in each fleet. Given the
greater than 95% emissions reductions achieved by both programs, Cali-
fornia and federally certified passenger vehicles are considered by some
to produce “near-zero” emissions of NO,, volatile organic compounds
(VOCs), and carbon monoxide (CO) (Ehlmann and Wolff 2005). The
committee heard arguments that the two programs are now practically
equivalent in terms of emissions benefits (Dana 2004). As discussed in
later sections, however, some parties consider the difference in emissions
between the programs to be appreciable, especially due to the ZEV man-
date (NESCAUM 2003). Figure 6-1 compares the California and EPA
tailpipe standards by model year in grams per mile. These projected rates
were provided by CARB and are based on the assumption that manufac-
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FIGURE 6-1 Comparison of California and federal emissions standards (NOy +
NMOG) in g/mile estimated by CARB. Only vehicles less than 8,500 Ib GVW
are included. Source: Adapted from CARB 2005e.

TABLE 6-3 LEV II Full Useful Life (120,000 mi) Exhaust Mass
Emissions Standards in grams/mile

Type Category NO, NMOG CO  HCHO PM
PC and LDT1 SULEV“ 0.02  0.010 1.0 0.004 0.01
and LDT2 ULEV 0.07  0.055 2.1 0.011 0.01
LEV 0.07  0.090 42 0.018 0.01
LEV” 0.10  0.090 42 0.018 0.01
MDV 8,500- SULEV 0.1 0.100 32 0.008 0.06
10,000 ULEV 0.2 0.143 64  0.016 0.06
LEV 0.2 0.195 6.4  0.032 0.12
MDYV 10,000- SULEV 0.2 0.117 3.7 0.010 0.06
14,000 ULEV 0.4 0.167 7.3 0.021 0.06
LEV 0.4 0.230 7.3 0.040 0.12

“PZEV vehicles have the same exhaust standards as SULEV, but have more
stringent evaporative and warranty requirements.

"Up to 4% of a manufacturers LDT2 may certify to this higher NO, LEV category.
Source: CARB 1998a.
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TABLE 6-4 Tier 2 and Interim Non-tier 2 Full Useful Life (120,000 mi)
Exhaust Mass Emission Standards in grams/mile

BinNo. NO, NMOG CcoO HCHO PM
1 0.00 0.000 0.0 0.000 0.00
2 0.02 0.010 2.1 0.004 0.01
3 0.03 0.055 2.1 0.011 0.01
4 0.04 0.070 2.1 0.011 0.01
5 0.07 0.090 42 0.018 0.01
6 0.10 0.090 42 0.018 0.01
7 0.15 0.090 42 0.018 0.02
8 0.20 0.125/0.156" 4.2 0.018 0.02
9 0.3 0.090/0.180>¢ 4.2 0.018 0.06
10° 0.6 0.156/0.230"  4.2/6.4  0.018/0.027  0.08
11%¢ 0.9 0.280 7.3 0.032 0.12

“This bin and its corresponding intermediate life bin are deleted at end of 2006
model year (end of 2008 model year for HLDTs and MDPVs).

’Higher NMOG, CO or HCHO values apply for HLDTs and MDPVs only.

“This bin is only for MDPVs

Optional NMOG standard of 0.280 g/mi applies for qualifying LDT4s and
qualifying MDPVs only.

“Optional NMOG standard of 0.130 g/mi applies for qualifying LDT2s only.
/Higher NMOG standard deleted at end of 2008 model year.

Source: 65 Fed. Reg. 6855 (2000).

turers will produce larger numbers of near-zero-emission vehicles to sat-
isfy the ACP option to meet their ZEV mandates (CARB 2005¢). The
figure does not show the difference in future emissions expected in re-
gions with LEV II vehicles compared with regions with Tier 2 vehicles.

PROCESS OF SETTING STANDARDS: LEV 11 VS TIER 2

The charge to the committee called for an evaluation of the scien-
tific and technical practices used by CARB in setting California emis-
sions standards and for a comparison of its practices with those used by
EPA. The comparison of the practices used by CARB and EPA in setting
their LEV 1I and Tier 2 standards, respectively, is an appropriate case
study because both processes required extensive regulatory assessments
completed relatively recently. LEV II and Tier 2 are the current Califor-
nia and federal LDV and LDT emissions standards and both came into

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11586.html

ile Source Emissions

184 State and Federal Standards for Mobile-Source Emissions

effect with model-year 2004. The committee compared standards for on-
road vehicles primarily in terms of two analysis documents: “The Staff
Paper—Initial Statement of Reasons” (the staff paper) for LEV II
(CARB 1998a) and the “Regulatory Impact Analysis” (RIA) for Tier 2
(EPA 1999A), although a large number of other documents were used for
both analyses. Practices used by CARB and EPA to set emissions stan-
dards are categorized as four assessments: the need for new standards,
technical feasibility, emissions and air quality impacts, and economic
impacts.

The Need for New Mobile-Source Emissions Standards

The ultimate objective of regulating any emissions source is the
protection of public health and welfare. In the United States, one way
that is accomplished is by setting NAAQS for criteria pollutants, which
have traditionally been the main focus of mobile-source regulation. Cali-
fornia established its own ambient air quality standards (AAQS) for cri-
teria pollutants. As shown in Table 2-1 in Chapter 2, California’s AAQS
are more stringent than the federal NAAQS although the state does not
have AAQS attainment deadlines. Attainment of the NAAQS, for
ground-level ozone has in particular been the impetus for regulating mo-
bile-source emissions in recent decades. CARB, as a state agency dele-
gated the responsibility to attain the NAAQS in California, is required by
the federal CAA to develop a state implementation plan (SIP) (see dis-
cussion in Chapter 3). One element of the SIP is to identify and prescribe
source-specific emissions reductions required in each area to attain the
NAAQS. EPA sets national emissions standards by authority of the CAA
with the goal of progressively attaining the NAAQS nationwide; how-
ever, the level of emissions reductions is not tied directly to NAAQS at-
tainment of specific airsheds. The difference is evident in the agencies’
assessment of the need for the LEV II and Tier 2 regulations.

CARB submitted a SIP for the South Coast Air Quality Manage-
ment District (AQMD) to EPA in 1994 with measures to reach attain-
ment for ground-level ozone by 2010. Among other measures, the SIP
included a measure called M2 for reducing mobile-source NO, plus
NMHC* by 25 tons per day (tpd) in the South Coast (CARB 1994c).

* Various terms to denote hydrocarbons are used in different regulatory doc-
uments. The differences are explained in Appendix A.
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Even with M2 reductions and other reductions from all identified
sources, CARB determined that more emissions reductions were needed
to meet the goals of the SIP. An additional amount, the so-called black-
box, required an additional NOy, and NMHC of 75 tpd from to-be-
determined sources.” The need for the black-box emissions reductions
provides evidence of the extent to which control strategies must be
pushed to meet air quality goals in the South Coast region. CARB states
that “the primary objective of the [LEV II] rulemaking is to implement
Measure M2 of the 1994 California SIP for ozone, and to achieve as
much additional reactive organic gases (ROG) plus NO, emissions re-
ductions as are technologically feasible and cost-effective, to be counted
against the SIP’s additional 75 tpd ROG plus NOy emission reduction
target—the so-called black-box” (CARB 1999).

California’s need for stricter emissions standards was based on the
emissions reductions needed in the South Coast to attain the 1-hr-average
NAAQS for ozone; however, stricter LDV standards were also a means
to improve air quality in other parts of the state for ozone, particulate
matter (PM), and hazardous air pollutants (HAPs). The assessment of the
need for emissions reductions, and thus the need for stricter standards,
was performed by the South Coast AQMD as part of the modeling analy-
sis for the SIP. The analysis includes estimation of present and future
emissions inventories, including mobile sources. The analysis also in-
cludes photochemical grid modeling to determine the expected reduc-
tions in ground-level ozone concentrations that result from precursor
emissions reductions.

EPA has general authority to prescribe vehicle emissions standards
that are not prescribed or limited in CAA section 202(a). As a result of
the 1990 amendments, CAA explicitly lists the numerical values of the
Tier 1 exhaust emissions standards for LDVs and LDTs, which began
with model-year 1994 vehicles. The CAA further directed EPA to submit
a report to Congress in 1997 on the need, feasibility, and cost-
effectiveness of new vehicle standards for 2004-2006. If the study found

5 The use of unspecified, or black-box, emissions reductions in SIPs was in-
cluded in Section 182(e)(5) of the federal CAA amendments of 1990. It is only
available to areas classified as “extreme” nonattainment for ozone, based on the
severity of measured ozone concentrations. To date, the San Joaquin Valley and
the South Coast air basins in California are the only areas of the nation to be
classified extreme by EPA. It appears that the black-box measures continue to
apply in meeting the 8-hr ozone NAAQS in the areas that were classified ex-
treme nonattainment for the 1-hr ozone NAAQS.
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that standards were necessary, feasible, and cost-effective, EPA was then
directed to set emissions standards via a rule-making. CAA section
202(i) included numerical values for Tier 2 standards as an alternative
for EPA to consider if more stringent standards were deemed necessary,
feasible, and cost-effective. The study, known as the “Tier 2 Report to
Congress,” concluded that there would be an air quality need for emis-
sions reductions to aid in meeting and maintaining the NAAQS for both
ozone and PM (EPA 1998). The assessment of the need for stricter stan-
dards was based on photochemical modeling performed for two other
rule-makings: the 8-hr ozone NAAQS and the “Ozone Transport As-
sessment Group SIP Call”—an EPA rule to promote regional emissions
reductions in the eastern United States. Both analyses showed that pro-
jected air quality under the existing mobile-source standards would result
in several areas nationwide in violation of the 1-hr-average and 8-hr-
average NAAQS for ozone and the NAAQS for PMlo.é

Technical Feasibility Assessment
Projected Technologies

EPA and CARB assess technical feasibility through discussions
(some confidential) with auto manufacturers, catalyst and other parts
manufacturers, and suppliers. In addition, both agencies rely on bench-
scale demonstrations that vehicles can attain the standards. The demon-
strations are performed by various groups, including in-house and out-
side contractors and manufacturers. EPA and CARB present very similar
lists and discussions of projected technologies to meet the Tier 2 and
LEV II exhaust standards, respectively (Table 6-5). The technologies in
the table represent different options that manufacturers could potentially
use to meet the standards, although manufacturers can meet the standards
with any combination of technologies. The majority of the technologies
were already being used to meet the LEV and NLEV standards, and both
agencies stated their expectation that those technologies could be im-
proved to achieve even lower emissions. The exception was the ad-
vanced catalyst systems that CARB and EPA both projected would exist
at the time of implementation. Advanced catalysts were thought to play

8 Particles with an aerodynamic equivalent diameter < 10 pm.
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an important role in meeting the current California and federal standards
(Bertelsen 2001).

The LEV II program also introduced much more stringent evapora-
tive emissions standards for NMHC compared with LEV 1. The CARB
staff paper presents a discussion of these standards and the technologies
expected to achieve them. The standards targeted diurnal and hot-soak
fuel emissions and were projected to be met through a combination of
better seals and less permeable equipment in the fuel tanks and fuel lines.
EPA noted in its Tier 2 rule-making that manufacturers were already cer-
tifying vehicles below the level of the Tier 2 evaporative emissions stan-
dards; the RIA for the Tier 2 rule-making includes only an abbreviated
discussion of evaporative emission-standard technical feasibility. The
remaining assessments will focus on the exhaust emissions standards.

Evidence Provided by CARB on Technical Feasibility of
LEV II Standards

As one piece of evidence that the LEV II standards were technically
feasible, CARB noted that many of the projected LEV II technologies
had been in use on vehicles for several years (CARB 1998a). CARB also
noted the continuous evolution of emissions-control technologies since
the introduction of the original LEV program and noted that the durabil-
ity and performance of existing components, especially catalysts that
heated quickly, had improved greatly.

CARB presented results from two test programs as evidence that
vehicles could meet the proposed LEV Il emissions limits. In the first
program, CARB tested five model-year 1997-1998 passenger cars. The
primary modification to all vehicles was the addition of an advanced
catalyst system, although other modifications were required, namely, air
injection time, oxygen sensor biasing, and ignition retard. The staff paper
showed that all vehicles attained emissions below the 50,000-mi LEV
II—ULEV level using “green” catalysts. One vehicle was tested after
catalysts and oxygen sensors were bench-aged (a technique used at the
Southwest Research Institute to simulate 50,000 miles of use) to 50,000
miles, and it met the standards. The test program did not attempt to de-
termine compliance with SULEV standards, although CARB cited some
manufacturers’ intentions at the time to introduce advanced technology
vehicles, such as hybrids, as evidence of meeting SULEV standards.
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In the second program, CARB tested two identical SUVs with test
weights of 6,000 Ib (LDT 2). The new vehicles, as received, showed
baseline NO, and CO emissions below and NMHC emissions slightly
above proposed LEV II levels. Oxygen sensors and advanced catalysts
were bench-aged. The sensors and catalysts were then added to the two
new vehicles, which yielded emissions higher than proposed LEV II lev-
els in many of the tests. CARB reasoned that emissions would be lower
with appropriate adjustments to the software that controlled fuel delivery.
CARB was not capable of developing such software, but it believed that
manufacturers could. CARB modified its test preconditioning methods to
simulate the effects of controlling the fuel and adding electronic air in-
jection to one test vehicle in addition to the bench-aged advanced cata-
lysts and oxygen sensors. Subsequent tests attained NHMC, CO, and
NOy emissions just below proposed LEV levels in some tests.

CARB did not perform a feasibility analysis for the heavier trucks
(LDT 2 category, 6,000-8,500 1b). The difficulty in achieving the LEV
II standards on such vehicles was a primary critique from auto manufac-
turers during the LEV II rule-making (CARB 1999). CARB (1998a)
noted that it had little information about fuel and spark timing strategies
that were likely to be part of the manufacturers approach to reducing
emissions.

Evidence Provided by EPA on Technical Feasibility of
Tier 2 Standards

In its review of model-years 1999 and 2000 certification data, EPA
found that several existing engine families already met the new Tier 2
standard NO, and NMHC fleet averages (EPA 1999a). For model-year
1999, 48 of approximately 400 engines included at least one vehicle con-
figuration, mostly for passenger cars, certified to meet lifetime NOy
emissions below the average of 0.07 g/mi of the proposed emission stan-
dard. Approximately half of those vehicles were certified to meet life-
time NOy levels below 0.04 g/mi.

EPA further cited results from outside testing to support feasibility
of Tier 2 standards. Results from fuel sulfur-level testing by the Coordi-
nating Research Council and auto manufacturers showed the potential to
go as low as the Tier 2 emissions standards. Seven of 20 LDVs with
100,000-mile-aged catalysts met Tier 2 NO, and NMHC standards by
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switching to low-sulfur fuel. Vehicle testing at Southwest Research Insti-
tute, sponsored by the Manufacturers of Emissions Controls Association
(MECA), demonstrated that two LDVs and one LDT met the Tier 2 NOy
and NMHC standards by replacing the original catalysts with advanced
catalysts and by modifying existing secondary air and exhaust gas recir-
culation. Most vehicles met NO, and NMOG useful-life design targets,
which are generally 50-70% of the standards. Finally, EPA cited the re-
sults of CARB’s test programs (described above) to demonstrate the fea-
sibility LEV II standards and the evidence that the technology was avail-
able to meet Tier 2 standards.

EPA used evidence from external testing but also conducted its own
testing program to investigate the feasibility of requiring heavy LDTs
(>6,000 Ib GVW) to meet the Tier 2 standards at intermediate useful life
(50,000 miles). EPA stated that a key element of this test was alteration
of engine calibration parameters, including modification of spark timing,
exhaust-gas recirculation (EGR), and fuel control. These modifications
were made in addition to use of improved catalysts, including increases
in volume and precious metal loading and higher cell densities, thermally
aged to an equivalent 50,000 miles. Both trucks tested attained NOy and
NMHC emissions below Tier 2 standards in the final tested configura-
tions. EPA stated that considerable tuning of the engine calibration pa-
rameters for one vehicle was necessary to reduce NO, and NMHC emis-
sions, particularly from the initial cold-start phase of the federal test pro-
cedure, and to minimize impacts on drivability and fuel economy. Cold-
start NO, emissions were further reduced for this vehicle by using im-
proved low-mass, sealed air-gap exhaust manifolds. EPA also stated that
technologies and emissions-control strategies implemented for these
heavy LDTs could be used to meet the more stringent standards for
MDVs.

Emissions and Air Quality Impacts Assessment

CARB and EPA use similar tools to measure emissions and air
quality impacts of proposed regulations, but to different ends. CARB
used its own mobile-source emissions model, EMFAC97G, to estimate
that the LEV II program would result in a reduction of 6 tpd of ROG
(exhaust and evaporative), 51 tpd of NO,, and 120 tpd of CO in the
South Coast basin by 2010 (CARB 1998a). CARB staff determined that
these reductions would fulfill the M2 SIP control measure, would pro-
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FIGURE 6-2 Forty-seven-state (excluding California) NO, emissions with the
Tier 2/sulfur rule. Vertical axis represents annualized summer tons (tons per
year) of NO, emissions. EPA used two different models of analysis. Source:
EPA 1999a.

vide additional reductions toward shortfalls in other programs, and would
make progress toward the black-box reductions (M2 and black-box re-
duction control measures for the South Coast discussed earlier in the
chapter). The analysis for the LEV II rule-making did not include any
additional photochemical model runs to assess the precise impact on air
quality in the South Coast or elsewhere in California. AQMDs in Cali-
fornia, including the South Coast, include new LDV emissions reduc-
tions when they use modeling to demonstrate attainment of the NAAQS.
EPA used the Tier 2 emissions model, which was similar in func-
tion to the planned (at the time) MOBILE 6 emissions model, to project
benefits of Tier 2 on nationwide on-road emissions. Figure 6-2 shows a
chart from the RIA showing the benefits in NO, emissions in the lower
47 states (excluding California) with and without the proposed Tier 2
rule (“without” assumed existing NLEV standards for LDV and LDT 1
and Tier 1 standards for LDT 2). In further modeling, EPA used the ur-
ban airshed model (UAM), a photochemical grid model, to estimate the
impact on ozone pollution with and without the Tier 2 regulations. Two
modeling domains were used (East U.S. and West U.S. domains); two
episodes were run for the West domain, and three episodes were run for
the East domain, where each episode had a different set of meteorologi-
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cal inputs. Each episode was run for a combination of base-year (1996)
and future-year (2007 and 2030) emissions. Results of the UAM showed
that the number of exceedances of the 1-hr ozone standard was expected
to decrease by one-tenth in 2007 and one-third in 2030 in metropolitan
areas as a result of the Tier 2 rule. EPA also presented further analysis of
the expected Tier-2-related reductions in emissions of PM, diesel PM,
and HAPs. The RIA includes estimates of the benefit of Tier 2 regula-
tions on nonattainment of the PM;o NAAQS. EPA further quantified and
monetized the health and welfare impacts from this range of air quality
improvements (discussed below in benefits section).

The analysis of emissions and air quality benefits for each rule-
making highlights some similarities and differences in the agencies’
practices in setting emissions standards. CARB and EPA consider tech-
nical feasibility by examining how a small subset of vehicles could be
redesigned to achieve the proposed standards. CARB sets statewide
emissions standards focusing on meeting air quality standards in the
worst nonattainment area in the state. An overall emissions budget is de-
veloped by AQMDs as part of the SIP planning. The LEV 1I standards
are then developed to achieve as many reductions they perceive to be
technically possible to meet the budget. CARB does not examine the air
quality benefits of their regulations in isolation from other SIP measures
in each AQMD. CARB’s LEV II regulations do not include monetary
estimates of public health benefits. In EPA’s case, standards are set with
the primary goal of bringing all of the nation’s nonattainment areas
closer to attainment, although NAAQS attainment is ultimately a state
responsibility. EPA did estimate future emissions, air quality, and health
benefits from its proposed Tier 2 standards because it qualified as a ma-
jor regulation.

Cost Estimates, Cost-Effectiveness, and Benefits Analysis

CARB and EPA looked at the potential costs of implementing the
standards and performed some cost-effectiveness analyses that allow
comparison of the relative costs of the standards with the costs of other
emission-reduction plans. EPA also performed a cost-benefits analysis
for the Tier 2 standards. The committee describes the estimates and
analyses below.
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Cost Estimates

Ideally, costs should be estimated in connection with the expected
emissions reductions from setting standards. The costs of achieving a
given standard are closely linked to the expected emissions reductions.
The level of emissions reduction predicted for the standard should in-
clude realistic assumptions about the amount of compliance with the
program, the number of vehicles sold, and the effectiveness of controls
over the life of the vehicle. If those outcomes or conditions will require
additional costs, those costs must be taken into account.

As described in Chapter 5, it is critical when estimating costs to be
clear about what constitutes the baseline to which the changed standard
is being compared. The incremental costs of changing a vehicle to meet
the California SULEV standard will be different if they are compared
with the ULEV II standard or with an earlier less stringent standard, such
as the LEV. Sometimes, the cost estimates in the regulatory documents
are not clear on what standards are being compared.

CARB Cost Estimates

CARB bases its estimates of the cost of compliance with proposed
new standards on estimates of the full consumer costs to meet the stan-
dards, assuming that such costs are fully passed on. These estimates in-
clude variable costs (equipment, assembly, and warranty), support costs,
(research and development), investment costs, and dealer costs. (The ap-
proach is similar to that detailed in Wang et al. [1993].) In the early years
of the California LEV program, there was a great deal of uncertainty
about the potential costs of meeting the LEV standards. Table 6-6 sum-
marizes the estimates by CARB and automakers of costs of meeting the
LEV standards per vehicle compared with the federal Tier 1 standards
and averaged across the California fleet. The ex ante (preproduction)
costs estimated by the automakers in 1994 were much higher than the
CARB estimates.

In the case of the LEV standards, the actual average cost per vehi-
cle, based on analysis of CARB staff, appear to be much closer to
CARB’s original estimate than the manufacturer’s estimate. CARB reas-
sessed the costs periodically over time as evidence became available
about the actual attainment of standards on certain vehicles. The ex post
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TABLE 6-6 Estimated Average Cost per Vehicle of California LEV
Compared with Tier 1 and Averaged Over the Fleet

Cost per Vehicle
Preproduction estimates
CARB (1990)° $170
Sierra Research (1994) $788
Postproduction estimate
CARB (1996)° $120

“Weighted average of four-, six-, and eight-cylinder vehicles.
Sources: CARB 1990, 1996; Sierra Research 1994.

TABLE 6-7 Estimated Average Cost per Vehicle to Meet California
LEV Standard Compared with the Tier 1 Standard (Cost per Vehicle)
CARB Preproduction CARB Estimate Based on

Vehicle and Engine’ Estimate, 1994 Actual Production, 1998
Honda Civic, four cyl.  $86 $76

Toyota Camry, six cyl.  $137 $79

Ford Crown Victoria, $139 $152

eight cyl.

“Costs are to meet the standards for the LEV type, not the other types under the
LEV program.

Source: Cackette 1998.

(postproduction) estimate in Table 6-6 shows per vehicle cost averaged
across the fleet from the CARB ex post analysis. Average actual costs
were even less than the California ex ante estimates to meet the LEV
standards. Table 6-7 summarizes the pre- and postpreproduction esti-
mates of costs for the individual vehicles used to obtain the fleetwide
averages. The costs of the four- and six-cylinder vehicles were higher ex
ante than ex post. This difference was primarily due to lower catalyst
cost than anticipated. The eight-cylinder vehicle cost was higher in pro-
duction than estimated in earlier studies. For that vehicle, costs were
slightly higher for equipment and materials, as well as for support and
other components.

For the LEV II standards, CARB used a similar approach to deter-
mine ex ante average costs per vehicle. Costs were estimated for vehicles
of different engine sizes during the time the LEV II standards were being
proposed in 1998. An example of the component cost breakdown of ve-
hicles to meet ULEV II over ULEV I standards presented in the staff pa-
per is given in Table 6-8. Engine class costs are then weighted by the
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shares of vehicles of different types to find the average costs of meeting
the standards. Table 6-9 shows those estimated average costs of meeting
the ULEV II and SULEV components of the LEV II program. The costs
are generally higher for larger vehicles. In fact, the CARB estimates
(CARB 1998a) for SULEV costs are mostly for the four-cylinder engines
and a few six-cylinder engines. At the time of the study, CARB engi-
neers believed it likely that most SULEVs would be four-cylinder due to
the potential difficulty of meeting the standard for the larger vehicles.

EPA Cost Estimates

EPA, in setting standards, is directed to consider “the need for, and
cost-effectiveness of, obtaining further reductions in emissions” (CAA
section 202(i)(2)(A)). EPA uses a similar approach for estimating the
costs per vehicle similar to the approach of CARB except that EPA de-
velops both short-term and long-term estimates. EPA first assesses the
costs of the standards to manufacturers, including variable costs (hard-
ware and assembly), fixed costs (research and development, retooling,
and certification), and operating costs (fuel use, fuel cost, and mainte-
nance). The hardware component of the manufacturer’s costs are then
assumed to be marked up for retail sales to consumers. Cost estimates are
made separately for LDVs, the different LDT types, and different engine
sizes (four, six, and eight cylinder). EPA attempts to estimate costs (and
emissions reductions) for the larger vehicles (for example, 10 cylinder)
as compared with CARB analysis. EPA’s costs are projected for both
variable- and fixed-cost components over the short term, assuming that
capital cost recovery will occur in 5 years.

Over the long term, however, cost per vehicle is assumed to fall due
to learning, which is the ability to produce lower-emitting vehicles more
efficiently.” EPA assumes in their Tier 2 analysis that costs will fall to
80% of their earlier value after 2 years in production and will not de-
crease after that due to learning. Costs per vehicle are estimated to stay
the same after 5 years when fixed costs expire. Costs are estimated to be
much higher for the larger vehicles. For example, the heavier light-duty
trucks (known as LDT 3 and LDT 4) are projected to cost $202 more
than an NLEV vehicle, compared with only $70 more for a passenger car
and lighter light-duty trucks than an NLEV (both long-run estimates).

7 For a more complete discussion of the effect of learning on costs, see Chapter 5.
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Estimated costs of the federal Tier 2 standards are similar to the Califor-
nia ULEV vehicles, as shown in Table 6-9. In fact, the Tier 2 costs were
derived in part from the work that CARB had done on costs for LEV II.

The Union of Concerned Scientists re-analyzed EPA’s cost estimate
for the average 6-cylinder LDT 2 to assess the costs of meeting the Tier 2
requirements for a Ford Explorer (Mark 1999). They estimated a short-
run cost of $138 over a similar NLEV vehicle, which is close to the aver-
age LDT 2 estimate by the EPA.

Cost Estimates for Advanced Technology Vehicles

Estimates of the costs for vehicles that will meet the more stringent
standards of the California LEV II program are examined here. Table 6-
10 shows the estimated incremental costs of PZEVs, AT-PZEVs, and
ZEVs taken from different sources. There is a substantial difference in
costs between the CARB estimates and other estimates for the PZEVs
and AT-PZEVs. A number of PZEVs are already on the road, and these
initial models tend to be passenger cars with smaller engines (CARB
2005f, CARB 2006a). AT-PZEV estimates in Table 6-10 refer to gaso-
line hybrid electric vehicles. A few hybrid models are in production to-
day; however, technology types and costs under future high-volume pro-
duction scenarios are uncertain, which probably accounts for some of the
variability in cost estimates in Table 6-10.

Overall estimates of the costs of these vehicles require assumptions
about advancements in technology and distribution of sales across the
fleet. There are a range of possible fleet distributions that would result in
the standard being met. The actual distribution of types of vehicles actu-
ally sold will depend on vehicle prices and consumer preferences. It is
difficult to project far into the future what public preferences will be, but
some range of plausible fleet distributions might be important to con-
sider. One CARB estimate is that by 2012, the fleet will have to be close
to 60% PZEVs to meet the LEV II standards (CARB 2005f). It is not
entirely clear how the per-vehicle costs are aggregated across the fleet to
meet the standard in the CARB assessments. Small vehicles (four-
cylinder) are assumed to be sold in sufficient numbers to meet the 60%
PZEV level at the assumed costs. If not, then the costs of having larger
vehicles meet the standards would have to be assessed. In several places,
the California analysis (CARB 1998a) provides some evidence that
CARB and the automakers expect full-sized trucks, SUVs, and vans to
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have the greatest difficulty in meeting the standards. An important ques-
tion that was raises is whether preferences will shift from those vehicles,
or whether the standards will be developed for the larger vehicles at
higher cost. Given the uncertainty, a range of estimates based on possible
outcomes would provide a more thorough assessment.

The estimated costs of the ZEV mandate are notably high for the
more distant years, when at least some pure ZEVs must be sold. In all
analyses, the assumption is made that over time and as production vol-
umes increase, the costs of producing these vehicles will fall (learning
will occur). There is, however, a great deal of uncertainty about what the
costs will eventually be and how low they will fall. As described earlier
in this chapter, CARB’s early estimates of the costs of electric vehicles
were low and then the estimates increased over time as implementation
of the technology was found to be more difficult. Conversely, by
CARB’s analysis, LEV costs were lower than expected.

The estimates in Table 6-10 account for the costs of producing
ZEVs, but the assumption of how they will be sold to the public is not
clear. Fleet distribution issues and how they figure in to the cost esti-
mates are not well explained. If vehicles are not appealing to the public,
it will be difficult to sell them without subsidies. The state of California
has subsidized the purchase of ZEVs in the past (CARB 2000a), and
other financial incentives exist at the local and federal levels to purchase
clean vehicles (CARB 2006b, CARB 2005f). In such cases, the vehicle
purchasers and taxpayers share the cost of bringing vehicles to the market.

Cost-Effectiveness

EPA and CARB provide estimates of cost-effectiveness of the LEV
IT and Tier 2 regulations, on basis of the costs and pollutant reductions
described above. The reader is referred to CARB (1998a) and EPA
(1999a) reports for more details. Table 6-11 shows the cost-effectiveness
of the advanced-technology component of the LEV II program. AT-
PZEV cost-effectiveness estimates include fuel savings over the life of
the vehicle, which necessarily involve assumptions about fuel use and
cost. The cost-per-ton-reduced estimates for the ZEV mandate are higher
than most other air emissions-control programs. California acknowledges
that, but argues that the program has the broader goal of pushing the
automakers to develop alternative cleaner technologies.
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TABLE 6-11 Estimates of Cost-Effectiveness of Advanced
Technology Vehicles (dollars per ton pollutant reduced over the
lifetime of the vehicle)
Source PZEVs AT-PZEVs*
CARB 2004b  $44,000 per ton ROG + NO, $575,000 per ton ROG + NO,
compared with SULEVs (2005)
$125,000 per ton ROG + NO,
(2006-2008)

compared with SULEVs
Dixonetal.  $18,000-$71,000 per ton $650,000-$1,800,000 per ton
2002” NO, + NMOG compared NO, + NMOG compared with
with SULEVs PZEVs
Austin 2005  $65,000 per ton NO, + $3,000,000 per ton NO, +
NMOG (assumed to be NMOG ¢ (assumed to be
near term) near term)

“AT-PZEV in this analysis refers to a gasoline hybrid electric vehicle. In con-
trast to Table 6-10, these cost-effectiveness estimates include potential fuel sav-
ings. Please see corresponding references for methodologies.

"Estimates for AT-PZEVs in 2003-2007 before high-volume production of these
vehicles.

“Based on variable technology costs for a gasoline hybrid in NESCCAF 2004

Benefits Estimates

EPA and other federal agencies are required by Executive Order
12866 and supplements to perform a benefits-cost analysis (BCA) for all
major regulations, including the Tier 2 standards. The Tier 2 emissions
standards include a BCA described as having four parts: calculation of
the emissions impacts of the rule in a future year, estimation of the air
quality and environmental change from the rule in the future year, deter-
mination of the health and welfare effects in terms of physical effects and
monetary value, and calculation of the costs of the standards in the same
future year for comparison to monetized benefits (EPA 1999a). EPA es-
timates benefits occurring in the year 2030 when the entire fleet is ex-
pected to be nearly turned over and to consist of mostly Tier 2 vehicles.
Because the fleet in this year would represent a nearly complete imple-
mentation of the rule, the year would include “the maximum emission
reductions (and resultant benefits) and...the lowest costs...on a per mile
basis”; and therefore “the resulting benefit-cost ratio will be close to its
maximum point” (EPA 1999a).
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The emissions and air quality impacts of the rule are calculated us-
ing models like those described for environmental impacts; however, it
appears that the air quality analyses were repeated specifically for the
benefits analysis because the future year was different. Air quality
changes included ambient ozone and PM concentrations, airborne nitro-
gen deposition, and visibility. The health outcomes associated with
changes in air quality that EPA considered included both premature mor-
tality and incidences of nonfatal health effects such as asthma. Welfare
outcomes considered by EPA included material damage, economic out-
put, visibility, and nutrient loading. The health benefits for the Tier 2 rule
are presented in Table 6-12.

The discussion in the RIA notes the difficulties in quantifying and
monetizing changes in many of the end points. As a result of these diffi-
culties, some health and welfare outcomes were not quantified and are
discussed only qualitatively. In earlier analyses, EPA assessed uncer-
tainty by sensitivity analyses. The RIA includes a qualitative discussion
of the uncertainties in estimating benefits and monetizing these benefits.
In the Tier 2 rule, information about the possible distribution of benefits
was considered for a more statistically accurate estimation of benefits.
Uncertainty surrounding cost estimates was not examined. Benefits esti-
mation from air quality regulations was the subject of a separate National
Research Council study (NRC 2002b). This NRC study used the benefit
estimation from EPA’s Tier 2 rule as one of three case studies, and the
reader is referred to the NRC (2002b) report for more discussion on
EPA’s benefits estimation practices.

Two of the most important health benefits of the Tier 2 rule shown
in Table 6-12 were PM related: an estimated 4,300 annual avoided cases
of premature mortality and 2300 annual avoided cases of chronic bron-
chitis. EPA presented a preferred estimate of $25 billion (1997 monies)
for the benefits from the Tier 2 rule in 2030, not including benefits that
were not monetized (EPA 1999b). Twenty-three of the $25 billion ac-
count for the health benefits of reduced premature mortality associated
with reduced PM concentrations. EPA noted that the estimate is depend-
ent on the method used to value reduced mortality, namely the value of a
statistical life (VSL) estimate, which is itself uncertain. EPA also in-
cluded alternative estimates of the benefits under scenarios where major
assumptions were changed. Total costs of the Tier 2 program were de-
veloped using the same basis as the benefits analysis (2030 with a full
Tier 2 fleet) and methods described earlier in this section. The total costs
were estimated to be $5.3 billion (1997 monies).
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Assessment of Approaches Used to Evaluate Stricter Standards

Although the costs for individual vehicles were estimated and the
methods documented, it was less clear how costs were aggregated to the
fleet level for CARB and EPA. Assumptions about fleet sales and vehicle
size mix are important in assessing costs, as discussed above. A related
point is that the areas of greatest uncertainty in costs are not addressed. It
is clear that there is uncertainty in forecasting costs and emissions reduc-
tions, but there are few cases where uncertainty in the costs estimates are
assessed. Particularly for future technologies, for which there is a great
deal of uncertainty in benefits and costs, some reflection of that uncer-
tainty would be important in assessment of the standards. CARB at-
tempts to reassess costs and emissions reductions as new evidence be-
comes available about actual methods, costs, and performance. EPA has
no requirement to reevaluate or provide ex-post assessments.

There are other costs besides the per vehicle costs that might be im-
portant for implementing stricter standards, particularly if those stan-
dards are not uniform. The committee found little information about the
actual costs of dealing with noncompliant cars, border issues, or other
costs of enforcement. However, CARB issues annual reports on en-
forcement activities that detail the enforcement of mobile-source emis-
sions standards in the state. States adopting the California standards
would need to assess whether they would face similar or different com-
pliance issues and costs.

A final important point about the cost analyses is how emissions
controls affect the price of the vehicle. This issue is important for assess-
ing not only what the costs may be but also who will pay them. The
CARB estimate of the costs of the LEV standards assumes that the costs
are paid by buyers of the LEV II vehicles. The estimated average costs
per vehicle reflect the costs of the control equipment and a share of the
other costs of design and production. However, pricing of vehicles is
complex (Sperling et al. 2004a) and does not always reflect the single
vehicle cost. There are important marketing and sales considerations. For
some vehicles, the emissions costs are likely to be at least partially re-
flected in the sticker price. If a vehicle type has two versions with differ-
ent characteristics that consumers can identify, such as a Ford Escape
and a Ford Escape Hybrid, the manufacturer can charge different prices.
Differences in fuel economy and other features are evident to car buyers
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and they will pay for different features.® For vehicles that are identical,
however, except for the emissions equipment, the price charged might
have to be the same for both types of vehicles.” Therefore, costs are
spread across a portion of, or the entire, U.S. vehicle fleet when some
states adopt a stricter standard.

ADOPTION OF LEV BY AUTHORITY OF
SECTION 177 OF THE CLEAN AIR ACT

In September 1990, New York became the first state to use its au-
thority under section 177 of the federal CAA to adopt California stan-
dards by adopting CARB’s pre-LEV emissions standards. In October
1991, the 13 Northeast states that were the members of the Ozone Trans-
port Commission (OTC), created by the 1990 CAA amendments,
pledged to individually adopt the California LEV standards in their re-
spective states. Massachusetts became the first state to adopt the Califor-
nia LEV standards on January 31, 1992. This action was compelled by a
state statute passed in 1990 that required the Massachusetts Department
of Environmental Protection to adopt and implement California motor
vehicle emissions standards unless the agency can demonstrate, based on
substantial evidence, that the California standards will not achieve
greater pollution reduction than the federal motor vehicle emissions-
control program (M.G.L. c. 111, § 142K). New York followed suit and
became the second Northeast state to adopt the California LEV standards
in May 1992, followed by Maine in 1993. Most other OTC states, how-
ever, did not originally adopt the LEV standards in the face of strong
opposition by the auto and oil industries (including a series of federal
lawsuits) and skepticism about the benefits of the program by legislators
in some states. Some states (for example, Pennsylvania and New Jersey)
conditionally adopted the LEV standards to take effect in those states
only if a sufficient number of other Northeast states also implemented
the program.

¥ Fuel economy savings are not always accurately accounted for in consumer
vehicle purchase decisions. See Turrentine and Kurani (2005) for a discussion of
that point.

? One car company told the committee that the same price must be charged
for vehicles that look identical except for the emissions-control equipment. An-
other company representative made the different point that regions accept higher
prices when different controls are required in their regions, such as under LEV 1II.
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State-by-state adoption of the LEV program in the entire Northeast
region faltered, and on February 1, 1994, the OTC voted 9-4 to recom-
mend to EPA that it mandate adoption of the California LEV standards in
the entire region. Virginia, Delaware, New Hampshire, and New Jersey
dissented. After extensive proceedings, EPA decided in September 1994
to approve the OTC request and mandated adoption of the LEV stan-
dards in all 13 Northeast states on the grounds that such action was nec-
essary to achieve attainment of the NAAQS in the region. EPA deter-
mined that states could elect to adopt the California LEV program with-
out the ZEV mandate component, because the ZEV component was a
separate requirement, but states would need to comply with the NMOG
fleet-average requirement and thus would be required to achieve addi-
tional reductions in their LEV programs to replace the expected ZEV
contribution to the NMOG fleet average.

Virginia and the vehicle manufacturers went to federal court to
challenge EPA’s authority to mandate adoption of the LEV standards in
the Northeast states. The court held that a state’s authority to adopt to the
California program under section 177 of the federal CAA was intended
to be voluntary and could not be compelled by EPA (Virginia v. EPA,
108 F.3d 1397 [D.C. Cir. 1997]). Moreover, the court held that the EPA
decision unlawfully circumvented the provision in the CAA that prohib-
ited EPA from adopting new motor-vehicle emissions standards before
the 2004 model year.

By the late nineties, New York, Massachusetts, Maine, and Ver-
mont were the only states to have voluntarily adopted California’s LEV
program. Implementation began in 1994, 1995, 2001, and 2000, respec-
tively. All four states have since adopted the LEV II regulations that be-
gan in model-year 2004. New York and Massachusetts have always in-
cluded the ZEV mandate as part of their regulations. Maine initially
adopted the ZEV mandate but repealed it during adoption of LEV II in
2000. In 2005, however, Maine reinstated the ZEV mandate to begin in
model-year 2009. Vermont adopted the ZEV mandate in 2001, but later
stated that manufacturers were not required to meet the mandate for
model-years 2001-2005. In 2005, Vermont re-affirmed the ZEV mandate
to begin in 2007. Each state adopted the ACP option and offered credits
toward fulfilling the ZEV requirement. Following California’s adoption
of LEV II standards, Connecticut, Rhode Island, and New Jersey adopted
the California on-road emissions standards, including the ZEV require-
ment, ACP, and credit system. Implementation of LEV II standards and
various components in these states are not scheduled until at least model-
year 2008 and have different implementation dates and deadlines.
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States’ Rationale for Adopting California Emissions Standards

Adoption of the LEV standards in the Northeast has remained a
state-by-state issue. States that adopted the LEV program, led by New
York and Massachusetts, concluded that the adoption of such standards
was a necessary and cost-effective measure to attain the NAAQS. For
example, New York said that it was compelled to adopt the California
standards because the “emission reductions provided by the adoption of
the LEV standards along with a wide array of other mobile, stationary
and area source control programs are necessary to attain the NAAQS for
ozone in New York as required by federal law” (NYDEC 1992). Other
Northeast states came to contrary conclusions. For example, Connecticut
decided against implementing the California LEV program because it
concluded at the time that the program would be too expensive and
would not provide sufficient and timely SIP credits (Dumanoski 1991).
The primary reason for states to adopt the California standards has been
to obtain additional emissions reductions to meet air quality goals. In
each case, adoptions have been based on the conclusion that California
emission standards would provide greater mobile-source emissions re-
ductions more quickly than federal standards. That conclusion was al-
most certain when California’s original LEV program began, since EPA
was not expected to introduce more stringent Tier 2 standards, if at all,
until model-year 2004, as specified in the CAA.

The committee heard about other benefits of California emissions
standards that seem to contribute, at least in part, to the rationale behind
the adoption decision. One benefit is that the emissions differences be-
tween the California program and the federal program will probably be-
come greater as California adopts more stringent phases of the LEV pro-
gram (beyond LEV II) (NESCAUM 2003), recognizing that no successor
to the current Tier 2 program is planned or mandated by the CAA. Regu-
latory documents from other northeastern states also point out that bene-
fit, stating that the California program is more dynamic than the federal
program and will likely be revised before the federal program (MEDEP
2004).

Recent state actions and statements also reflect a growing desire by
states to reduce greenhouse gas (GHG) emissions. A statement made to
this committee during a public session meeting, for example, reflected
Connecticut’s position that adoption of the California LEV II standards
provides an opportunity to achieve CO, reductions to meet its climate
plan, because the LEV II program provides incremental GHG emissions
reductions over the Tier 2 program and California has added specific
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GHG emissions standards to its program (McCarthy 2005). Additional
discussion of these GHG standards is provided later in this chapter.

The automobile and oil industries have argued that the LEV II pro-
gram is not a cost-effective or necessary program compared with the Tier
2 program, which they would otherwise be required to comply with.
Manufacturers have also objected that northeastern states were placing
the burden of handling costs on out-of-state vehicle manufacturers rather
than imposing pollution-reduction costs on in-state industries. Manufac-
turers could point to such statements as that of Massachusetts Secretary
of Environmental Affairs Susan Tierney, who was quoted as saying,
“This is a jobs issue for Massachusetts. Every pound we don’t take out of
automobiles, we have to take out of a sector that has a job at stake” (Du-
manoski 1992). Manufacturers also argue that differences in LEV and
LEV II implementation dates among the various states complicate vehi-
cle distribution and sales for themselves and their dealers (Babik 2005)
and that the additional costs do not outweigh the emissions benefits.

Novel Issues in State Adoption of California Emissions Standards

Beginning with the initial adoption of LEV in the Northeast, auto-
makers and others have objected to states’ authority to adopt California
emissions standards. Table 6-13 lists several of the objections. Manufac-
turers raised such objections in public comments to New York and Mas-
sachusetts as part of the early state rule-makings to adopt the California
LEV standards. The states generally disagreed with the factual or statu-
tory basis of the manufacturers’ arguments and proceeded with adoption
of the LEV standards as proposed. Trade associations of vehicle manu-
facturers subsequently filed separate lawsuits in federal district court
challenging the LEV standards in New York and Massachusetts.'” The
litigation against the two states proceeded over 7 years and involved ex-
tensive motions, briefings, affidavits, discovery, and appeals that were
both time-consuming and expensive for manufacturers and states.
Twelve separate court decisions were issued by the federal trial and ap-
pellate courts for New York and Massachusetts, described in one treatise
as “an epic series of court battles” (Wooley and Morss 2004).

1% Manufacturers also filed a lawsuit against Maine’s adoption of the LEV
standards, but that lawsuit was voluntarily dismissed when Maine agreed to in-
definitely delay implementation of the LEV standards.
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TABLE 6-13 Manufacturers’ Objections to Northeast States’ Adoption
of the California Emissions Standards

. States adopted California’s emissions standards but not the cleaner-
burning and lower-sulfur California fuel requirements that were part of the
LEV program, resulting in reduced air quality benefits and adversely affecting
the advanced emissions-control systems under development to comply with
the LEV standards in California.

. The distribution of California-certified vehicles to other states
would impose unnecessary burdens on product distribution and availability.
. Auto dealers located near state boundaries would be adversely

affected and would be required to stock different versions of the same vehicle
model.

. The electric vehicles produced to meet the ZEV mandate would
primarily be powered by lead-acid batteries in at least the initial years of the
ZEV mandate, and such batteries would produce a much lower range and
poorer performance in the colder Northeast states than in California

. Massachusetts and New York adopted the California LEV
standards before they had obtained a federal preemption waiver from EPA and
without providing the full 2-year lead time required by section 177 of the
federal CAA.

. The sales mix of a given manufacturer was different in Northeast
states than in California, complicating and jeopardizing compliance with the
NMOG fleet-average requirement in each opt-in state.

. The opt-in states failed to provide the same credit allowances
provided by California for meeting the NMOG fleet-average and
ZEV-mandate requirements.

. States failed to follow California’s modifications to its ZEV
requirements, resulting in different versions of the LEV program in California
and in other states.

The first lawsuit to proceed was in New York, where manufacturers
alleged that (1) New York had violated section 177 of the federal CAA
by adopting the LEV standards before they had received a preemption
waiver and without providing the 2-year lead time required by section
177; (2) New York had failed to adopt the California clean-fuel regula-
tions in conjunction with the LEV standards in violation of the section
177 requirements that state standards be “identical” to California’s and
not have the effect of creating a “third vehicle”; and (3) New York would
violate section 177's prohibitions of a “third vehicle” and restrictions on
the sales of any category of California-certified vehicles in its ZEV man-
date. The federal district court in New York initially held against manu-
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facturers on some claims but in favor of manufacturers on the ZEV man-
date violation and on the failure to adopt California’s accompanying fuel
standards, requiring manufacturers to build a third vehicle because of the
effects of high-sulfur gasoline on the advanced emissions-control equip-
ment being developed to comply with the California LEV standards. In
response to New York’s motion for reconsideration, the district court
later reversed its decision on the fuels and third-vehicle claim and deter-
mined that a full trial would be required to resolve that issue.

In two decisions, the Second Circuit Court of Appeals ultimately
held in favor of the state on all claims except the lead-time claim (Motor
Vehicle Mfrs Ass’n v. NY Dep’t of Envtl Conservation, 17 F.3d 52 [2d
Cir. 1994]). The Second Circuit construed the third-vehicle prohibition
of section 177 narrowly to apply only to major changes in vehicle design
directly required by a state and not to changes in vehicle design that a
manufacturer chooses to undertake in response to different conditions in
a section 177 state, such as different fuels or climate. The Second Circuit
described those choices as marketing choices. The Second Circuit also
held that the “identicality” requirement of section 177 applied only to
vehicle requirements and not to fuel requirements. However, the Second
Circuit held that New York had violated the lead-time requirement of
section 177 by attempting to apply the standards partway into the 1995
model year and held that New York must apply its standards to an entire
model year, thereby postponing the New York standards to the 1996
model year.

In Massachusetts, the vehicle manufacturers filed a motion for a
preliminary injunction to temporarily enjoin the Massachusetts regula-
tions until a full trial on the merits could be undertaken. The district court
denied the preliminary injunction, and manufacturers dismissed all their
claims except the lead-time claim in light of the Second Circuit’s deci-
sion on the same issues. The decision of the First Circuit Court of Ap-
peals on the lead time differed from that of the Second Circuit, holding
that Massachusetts could commence its regulations partway through the
1995 model year (American Auto Mfrs. Ass’n v. Massachusetts Dept. of
Envtl. Protection, 31 F.3d 18 [1st online Cir. 1994]).

A second round of litigation under section 177 of the federal CAA
occurred after California adopted memorandums of agreement (MOAs)
with vehicle manufacturers to provide demonstration programs for ad-
vanced-technology ZEVs in place of the rescinded ZEV mandate for
model-years 1998-2002. New York and Massachusetts contended that
CARB and the vehicle manufacturers had deliberately structured the
MOA response to preclude the section 177 states from adopting similar
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ZEV programs. Massachusetts decided to adopt regulations with similar
requirements as the California MOAs, which had been structured as vol-
untary agreements rather than regulations in California. New York de-
cided to adhere to the original ZEV mandate for model-years 1998-2002,
even though California had rescinded its version of the ZEV mandate for
those years.

Vehicle manufacturer trade associations sued New York and Mas-
sachusetts in separate lawsuits. In New York, the district court held in
favor of the state, holding that the ZEV mandate was not a standard sub-
ject to CAA section 209(a) preemption. That decision was then over-
turned by the Second Circuit Court of Appeals, which held that the New
York ZEV mandate was a preempted standard (American Auto. Mfts.
Ass’n v. Cahill, 152 F.3d 196 [2d Cir. 1998]). In Massachusetts, the dis-
trict court held that the California MOAs were voluntary agreements and
not standards preempted under section 209(a), and thus Massachusetts
was preempted from adopting regulatory standards with similar substan-
tive requirements. On appeal, the First Circuit initially held that it would
defer to EPA’s views on whether the California MOAs were standards,
but then disagreed with EPA’s opinion that the California MOAs were
standards under section 209(a) and ultimately held that the Massachu-
setts ZEV regulations were preempted (Ass’n of Int’l Automobile Mfrs
v. Commissioner, Mass. Dep’t of Envtl Protection, 208 F.3d 1 [2000]).

In summary, state adoption of the California LEV standards re-
sulted in a series of legal controversies. The federal courts were the only
available venue to resolve these issues, and the ensuing litigation took
many years and large commitments of resources from both vehicle
manufacturers and states. States ultimately prevailed on many of the le-
gal issues, but the manufacturers prevailed on some. Other states that
were considering adopting the LEV standards were left in limbo about
the legality of adopting the LEV standards, and vehicle manufacturers
and dealers subject to the LEV standards in those states that had adopted
the LEV standards had to live with uncertainty and confusion about the
applicable requirements for many years. A more expedient and less re-
source-intensive mechanism to resolve these disputes would have bene-
fited all parties.

EPA’s Role in Implementation of the LEV Program

The role played by EPA in the adoption of the California LEV
program by other states has become complicated and difficult. Section
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177 of the CAA does not give EPA an express role in a state’s adoption
process except for defining the start of a vehicle model year for the 2-
year lead-time requirement. The assumption of Congress in enacting sec-
tion 177 seemed to be that the waiver for California would address all
relevant concerns related to economic and technological feasibility, lead
time, and other issues; thus, no new issues would be raised when another
state adopted California standards. As EPA explained in a letter to Con-
gressmen John Dingell in 1991, before states used section 177 to imple-
ment the LEV standards:

Section 177 does not have an explicit requirement that the
state standards adopted under this section’s authority be con-
sistent with [the lead time and feasibility criteria of] section
202(a).... Because a section 177 state can adopt only Califor-
nia standards which have received a waiver, and which are
therefore consistent with section 202(a), the standards adopted
by the section 177 state may also be considered consistent
with section 202(a) (Reilly 1991).

EPA was nevertheless called upon to play a central role in the adop-
tion of the LEV program in the northeastern states and to deal with many
complex issues that were not anticipated by Congress or EPA. In consid-
ering CARB’s initial waiver request for the LEV standards, EPA was
requested by various parties to consider the impact of adoptions by other
states pursuant to section 177. EPA disclaimed any authority to consider
issues raised by the attempts of other states to adopt the California stan-
dards under section 177 of the CAA (58 Fed. Reg. 4166 [1993]). EPA
has, however, taken positions on a number of key issues (discussed in
Chapter 3); for example, that the ZEV mandate is segregable from the
LEV program, that the fleetwide NMOG average is considered a stan-
dard, and that states may adopt but not enforce a standard before the
granting of a waiver to California.

Although EPA’s position is generally unofficial, it has been influ-
ential and even requested by the courts. When vehicle manufacturers
sued New York, alleging that its adoption of the LEV standards violated
section 177, EPA filed an amicus curiae brief in the Second Circuit Court
of Appeals that had a key role in the appellate court’s reversal of the dis-
trict court’s decision that the New York ZEV mandate violated section
177 (Brief for the United States as Amicus Curiae, Motor Vehicle Mfrs
Ass’n v. N.Y. Dep’t of Envtl. Conservation, No. 93-7938 [2d Cir., 1993]).
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In the Massachusetts ZEV litigation, the First Circuit Court of Appeals,
faced with the issue of whether Massachusetts could adopt ZEV regula-
tions similar to the 1996 MOA between CARB and vehicle manufac-
tures, declined to decide the matter until EPA had issued its view under
the doctrine of “primary jurisdiction,” which requires courts to defer to
an administrative agency on matters within the special competence of
that agency (American Automobile Mfrs Assn v. Massachusetts Dep’t of
Environmental Protection, 163 F.3d 74 [1st Cir. 1988]).

EPA does have one formal opportunity to review section 177 adop-
tions of California standards when it approves a state SIP revision that
incorporates the California standards. This process does not generally
provide an effective process for resolving any controversies regarding
the state’s action. First, EPA has narrow and limited authority to review
and question a state action under the SIP review criteria. Second, the SIP
review often occurs several years after the state action, limiting EPA’s
capability to provide a timely response. For example, Massachusetts was
the first state to adopt the California LEV standards, effective January
31, 1992, but EPA did not approve the SIP revision incorporating those
standards for 3 years (60 Fed. Reg. 6027 [1995]). Finally, some states
(for example, Vermont) have never included their adoption of California
LEV standards in a SIP submittal, thus precluding any EPA oversight
role via this process.

The LEV example provides evidence that, contrary to the original
assumption of Congress in enacting section 177, adoptions raise some
novel issues (generally of a scientific and technical nature). Most issues
involve either conditions that were not considered when EPA issued a
waiver to California or consistency with section 177 of the CAA. Al-
though EPA has denied formal authority to address these issues, it has
done so informally and the courts have deferred to it as the appropriate
agency to do so. This example makes a strong case that EPA could have
a role in the administration of section 177, just as it does for virtually
every other provision of the CAA. An official EPA decision might also
reduce the litigation over states' adoptions of California standards. For
example, EPA decisions are challenged in the District of Columbia court
of appeals as opposed to district courts where lawsuits against individual
states have traditionally been litigated. The lengthy discovery and depo-
sition processes that occur in the latter case would be reduced in a chal-
lenge to an EPA decision. Second, the courts traditionally show high
deference to EPA determinations, effectively reducing the likelihood of a
successful challenge.
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State Practices in Adopting California Standards

There are no federal requirements regarding state adoption of Cali-
fornia emissions standards beyond the specifications in the CAA section
177. Adopting California mobile-source emissions standards is one of
several options available to states to reach the air quality goals embodied
in the NAAQS. States generally support their adoption of California
standards with a state- or region-specific modeling analysis of emissions
benefits. Emissions modeling also serve to quantify the LEV and LEV 11
program’s emissions credits that are included in the state’s SIP, and this
modeling is usually a required part of the SIP analysis. Air quality mod-
eling—for example, to assess the impact of a new regulation on ozone
concentrations—is also a part of the SIP analysis. The committee did not
find evidence that states analyze in-state air quality impacts or health
impacts of adopting California standards (in isolation from other SIP
measures). Furthermore, states typically quote and defer to the technical-
feasibility and cost-analysis determination conducted by California when
adopting LEV II (NYDEC 2000; MA DEP 1999). A quantification of
any improvements in ozone or PM concentrations and health impacts, for
example, would be useful support for adopting LEV II because they are
the criteria pollutants of most concern in many nonattainment areas. The
committee found one example of a nongovernmental organization that
included ozone in an assessment of the health impacts of adopting LEV
II standards in Connecticut (CFE 2003).

Assessment of emissions benefits is the significant technical prac-
tice carried out by states when adopting California standards. The fol-
lowing section discusses these assessments by northeastern states for
adoption of California LEV and LEV II emissions standards. Because of
the regional nature of air pollution in the Northeast, the states have a his-
tory of cooperative analysis of emissions and air quality, such as that by
the Ozone Transport Commission (OTC) established by the CAA. A re-
gional air pollution agency, Northeast States for Coordinated Air Use
Management (NESCAUM), is directed by the air directors of Maine,
Rhode Island, Connecticut, Vermont, New Hampshire, New York, New
Jersey, and Massachusetts. NESCAUM promotes cooperation and coor-
dination of technical and policy issues regarding air quality control
among the member states. NESCAUM has assessed emissions benefits
of adopting California emissions standards in support of its member
states.
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Comparing the Emissions Benefits of California Versus
Federal On-Road Emissions Standards in the Northeast

The northeastern states that have adopted LEV II have supported
their rule-making by estimating future emissions using various genera-
tions of EPA’s MOBILE model. Table 6-14 summarizes the expected
emissions benefits found by some of these analyses. The committee did
not attempt to analyze the modeling practices and assumptions underly-
ing these analyses. As discussed in Chapter 2, these models are subject to
a degree of uncertainty (NRC 2000); however, they are the best tools
available to regulatory agencies for assessing emissions benefits. Fur-
thermore, many assumptions are needed to model future mobile-source
emissions; for example, sales, fleet mix in future years, types of fuels,
and the evolution of vehicle technology and emissions levels. The data
presented in Table 6-14 and in the following comparisons serve to show
the range of estimates of the emissions benefits of California over federal
emissions standards. Most likely, there are significant differences be-
tween the models and assumptions used in each study; therefore, caution
is needed in comparing these estimates.

The expected emissions benefits of LEV II over Tier 2 in particular
have proved to be controversial. In 2003, NESCAUM estimated a 15%-
HC mobile-source emission benefit in 2020 in the Northeast based on
MOBILE modeling of New York, Massachusetts, and Vermont. The
study also included an estimated benefit in mobile-source toxic emis-
sions of 23%. This analysis was used by Connecticut and Rhode Island
to support adopting California standards for the first time (CTDEP 2004;
RIDEM 2004). Nongovernmental organizations have also used modeling
in their analyses in support of state adoption of California emissions
standards. The Connecticut Fund for Environment (CFE) estimated a
20%-VOC and a 11%-NO, benefit in 2025 in that state and a 33%-
benefit in HAP emissions (CFE 2003). The Maryland Public Interest Re-
search Group (PIRG) estimated a 13%-VOC benefit, a 11%-NO; benefit,
and a 12-15%-HAP benefit emissions in Maryland in 2025, if the state
would adopt LEV II in 2008. The Maryland Department of the Environ-
ment estimated a 5%-VOC and a 6%-NO, benefit of LEV II over Tier 2
in 2020 in Maryland (Snyder 2005).

Manufacturers argue that complying with California standards in a
greater number of states comes at a greater cost, and that this cost is not
outweighed by the emission benefits of LEV II over Tier 2. The Alliance
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of Automobile Manufacturers (AAM) presented its own estimates of
emissions benefits and a critique of methods used by NESCAUM and
other groups (Air, Inc. 2004a,b). In an evaluation of the Connecticut CFE
(2003) study, an AAM contractor reported benefits of 7% for VOC, 14%
for NOy and 14% for HAPs in 2025 when modeling Connecticut mobile-
source emissions according to EPA guidelines (Air, Inc. 2004b).

EPA has also addressed the modeling methodologies and the
benefits estimation of LEV II over Tier 2 in the Northeast. EPA ad-
dressed NESCAUM’s 2003 modeling estimates in a letter stating that
NESCAUM did not follow EPA guidelines for modeling Tier 2 emis-
sions, and this led to overstatements of the benefits of LEV 11 over Tier 2
(EPA 2004f). EPA stated that emissions benefits of LEV II and Tier 2
should be compared with a non-LEV II and non-Tier 2 baseline, respec-
tively, for a realistic comparison between the two programs. Using these
guidelines, EPA estimated that LEV II will provide about a 1% addi-
tional reduction in mobile-source HC over Tier 2 in 2020 (EPA 2004f;
70 Fed. Reg. 21959[2005]). NESCAUM (2004) responded to EPA con-
cerns and performed an updated analysis of emissions benefits in the
Northeast, including a separate analysis for states that only recently
adopted LEV II standards. The revised emissions-benefits estimates are
provided in Table 6-14. In responding to EPA, NESCAUM noted that its
analysis is intended to support the conclusion that the LEV program pro-
vides additional air quality benefits and is not intended to be portrayed as
a SIP analysis (NESCAUM 2004). SIP credits, including the numerical
value of emissions reductions of the LEV II program, must be evaluated
by each state separately in coordination with EPA.

States and NESCAUM have generally documented their analyses
well, as evidenced by the ability of outside stakeholders to review and
critique their practices. Although the numerical value of the emissions
benefits is ultimately important in determining SIP credits, there is no
required level of emissions benefits that must be met to adopt the LEV
program, and adoption and SIP regulatory processes are usually separate.
All of these analyses are presented in terms of additional percentage re-
ductions. Emissions reductions apparently were not translated into esti-
mates of health or environmental benefits. This committee makes no
judgment on an appropriate level of emissions benefits (over a similar
federal program) to support adoption of a California emission standard.
A comparison of benefits and costs for such a decision is in the realm of
policy and outside this committee’s charge.
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Economic Impact Assessment by Opt-in States

Each state is subject to certain requirements for each rule-making.
New York, for example, prepared a regulatory impact statement and a
job impact statement for adoption of California regulations. The majority
of these requirements concern economic impacts. The states that are
adopting the California LEV II standards rely for the most part on
CARB?’s ex ante cost estimates as the measure of projected costs of the
program. They do not attempt to measure any costs beyond the consumer
costs estimated by CARB. For example, states do not appear to measure
the cost of program administration, the distribution or dealer costs, or the
costs of enforcement of the program. States do not discuss the potential
infrastructure costs that might be needed for the ZEV component of the
LEV II program. Massachusetts, for example, stated that there will be no
significant economic effects on dealers. It suggested, however, that deal-
ers will need to incur more training costs for mechanics because of addi-
tional types of vehicles, but these costs are assumed to be recouped
through increased sales of vehicles, such as the PZEVs and the AT-
PZEVs (MADEP 1999).

In an analysis by New York, the state argued that the ZEV require-
ments are not expected to have any effect on dealers and that any change
in required paperwork will not be substantial. Using the same argument
as Massachusetts, New York stated that there must be additional me-
chanic training but that this will generate new jobs for the region. How-
ever, fewer vehicles of other types will be sold, and the mix of services
needed will change for mechanics. The costs of retraining represents
costs to dealers or car buyers, depending on how the costs are distributed.
On the ZEV mandate, Maryland, one of the states that decided against
adopting the LEV II standards, stated that it had identified substantial
infrastructure costs associated with the ZEV component of LEV II (Sny-
der 2005).

There is little discussion from the states or in the NESCAUM
analysis of the LEV II program about the potential distribution issues or
pricing policies for LEVs. The auto companies argue that there are sales
issues, especially at the border of the LEV II states. Often, dealers near
state borders swap vehicles over state lines, potentially complicating
compliance with the standards for the automakers. For that reason, at
least one automaker (J. German, Honda, personal commun., May 18,
2005) argued that it designs vehicles to meet both Tier 2 and LEV II
standards when possible. As noted in Chapter 5, however, cost data are
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often difficult to obtain, thus limiting the scope of any state economic
impact analysis.

An additional problem is that the prices of an entire fleet in a region
might require adjustment to sell a vehicle fleet that meets the emissions
standards. Pricing this fleet at the cost of the emissions controls might
not result in sales. In that case, subsidies of certain vehicles might be
necessary, and the costs of bringing the fleet to market might change.
There is little discussion of any of these issues in economic impact
analyses of LEV standards by California and opt-in states. The commit-
tee heard some evidence of a proposed Northeast-wide NMOG fleet av-
erage that manufacturers could use to certify vehicles. This proposal
might provide more flexibility to the manufacturers in selling vehicles
that meet the standard. Such flexibility on sales and distribution might
ease the economic burden for manufacturers and dealers and decrease the
limitations of consumer choice. The committee encourages such flexibil-
ity, provided air quality is not compromised.

CALIFORNIA MOTOR VEHICLE
GREENHOUSE GAS STANDARDS

Legislative Mandate

The California legislature in 2002 concluded that the effects of
global warming in California would be substantial. The Pavley bill (Cali-
fornia AB 1493, Feb. 23, 2001) in particular found that global-warming
impacts on the state included: potential reductions in the state’s water
supply, adverse health effects from increases in air pollution caused by
higher temperatures, adverse impacts on agriculture caused by impacts
on water supplies and increases in pestilence outbreaks, increases in
wildfires, and potential damage to the state’s coastlines and ocean eco-
systems. In response, the legislature passed and Governor Davis signed
into law the Pavely bill. This legislation directed CARB to develop and
issue greenhouse gas (GHG) emissions standards for LDVs, using its
authority to set its own mobile-source emissions standards (CAA section
209). The legislature directed CARB to “develop and adopt regulations
that achieved the maximum feasible and cost-effective reduction of
greenhouse gases from motor vehicles.” The Pavey bill focuses on LDVs
because approximately 40% of GHG emissions in the state are estimated
to come from this source.
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TABLE 6-15 CO, Equivalent Emissions Standards for Model-Years

2009 through 2016
CO, Equivalent Emissions Standard by Vehicle
Category (g/mi)
Passenger Cars and
Year Small Trucks/SUVs Large Trucks/SUVs
Near-term 2009 323 439
2010 301 420
2011 267 390
2012 233 361
Mid-term 2013 227 355
2014 222 350
2015 213 341
2016 205 332

Source: CARB 2004d.

Proposed Regulation

In response, CARB (2004c) proposed a set of standards in its staff
report; these standards were approved and adopted by CARB on Sep-
tember 23, 2004. Table 6-15 displays the proposed standards, which are
given in grams per mile of CO, equivalent.'' The proposal recognized
four sources of motor vehicle GHG emissions: tailpipe emissions of car-
bon dioxide (CO,), methane (CH,4), and nitrous oxide (N,O) emissions;
CO, emissions due to operating the vehicle air conditioning system; hy-
drofluorocarbon (HFC) emissions from the air conditioning system; and
upstream GHG emissions associated with the production of fuels. The
CO, equivalent standards are incorporated into the existing LEV program
and, like existing LEV II standards, there is a separate fleet average for
passenger cars and small trucks/SUVs and large trucks/SUVs.

" Emissions of other GHGs are translated into estimates of the equivalent
amount of CO, by use of global warming potential (GWP). Because the atmos-
pheric lifetimes of other GHGs are different from CO,, a GWP depends on the
time horizon. If a 100-year time horizon is used, CH4 has a GWP of 23, N,0
has a GWP of 296, HFC-134a has a GWP of 1,300, HFC-152a (a possible re-
placement for HFC-134a) has a GWP of 1,300. The 100-year time horizon is
recommended by the Intergovernmental Panel of Climate Change and CARB.
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Scientific and Technical Analysis

The CARB staff report (2004c) includes an assessment of the tech-
nology and fuels that could help meet the standards, the level of reduc-
tions that could be achieved, and the costs. The CARB assessment was
based on vehicle simulation and cost analysis of GHG emissions reduc-
tions contained in a report done for the Northeast States Center for a
Clean Air Future (NESCCAF 2004). NESCCAF (2004) predicted the
GHG emissions impacts of various technology combinations for five
types of vehicles (small car, large car, minivan, small truck, and large
truck) by using a model that estimates operating characteristics and emis-
sions for different motor vehicle designs. NESCCAF (2004) also pro-
vided cost estimates for the various technology combinations, including
available technologies and technologies that had been demonstrated in
prototype form.

CARB (2004d) estimated that the near-term (2009-2012) standards
would result in a 22% reduction in GHG emissions compared with the
2002 fleet, and the mid-term (2013-2016) standards would decrease fleet
emissions by 30%. These estimates translate into an 88,000 ton/day re-
duction in CO,-equivalent emissions by 2020 and a 155,000 ton/day re-
duction by 2030 (CARB 2004d). Table 6-16 shows the estimated fleet-
wide incremental costs of controls to meet these standards developed by
CARB. Some portion of the cost of reductions in CO, can be recouped in

TABLE 6-16 Average Cost of Control

Average Cost of Control

Passenger Cars,

Small Trucks, Large Trucks

Year and SUVs and SUVs
Near-term 2009 17 36

2010 58 85

2011 230 176

2012 367 277
Mid-term 2013 504 434

2014 609 581

2015 836 804

2016 1,064 1,029

Source: CARB 2004d.
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fuel savings over time. CARB asserts that nearly all technology combi-
nations will result in reductions in lifetime operating costs that exceed
retail price of the technology, assuming a fuel cost of $1.74 per gallon;
cost recovery time would presumably be smaller at higher gasoline
prices. For example, CARB (2004d) looked at the potential increase in
monthly payments over a 5-year vehicle loan versus the monthly de-
crease in operating costs and concluded that the proposed standards
would result in a monthly savings of $3.50 to $7.00.

Manufacturers and others have submitted comments critical of
CARB’s analysis (CARB 2005f). CARB’s cost estimates are disputed by
an analysis performed by Sierra Research for the Alliance of Automobile
Manufacturers (Sierra Research 2004), which concluded that average
compliance costs would be approximately $3,000 per vehicle, assuming
nationwide compliance with the CARB standards, and higher than
$3,000 if separate vehicles are produced for states that enforce the Cali-
fornia standards. Sierra Research also argued that the increased vehicle
prices would decrease the sales of new vehicles, slowing the introduction
of cleaner vehicles into the fleet, and that lower operating costs would
result in vehicle owners driving more, thus increasing emissions.

Another objection to the standards is that California LDV emissions
are a small fraction of the global totals and will have no discernable ef-
fect on global climate change (CARB 2004c). CARB pointed out, how-
ever, that its GHG standards represent a “no regrets” policy (reducing
emissions while providing a net cost savings to vehicle owners) and that
the state’s action will prompt other states and countries to follow course
(CARB 2004c).

Opt-in States

Recent state actions and statements also reflect a growing desire by
states to reduce GHG emissions. Massachusetts, New York, New Jersey,
Connecticut, Rhode Island, Vermont, and Maine have amended their
prior adoption of the LEV II program to include the California GHG
emissions standards. In addition, Washington state recently adopted the
LEV II program contingent on Oregon’s adoption. Oregon has adopted
temporary rules on the LEV II program and is scheduled to propose per-
manent rules in the summer of 2006. Neither state has areas in nonat-
tainment of the 1-hr or 8-hr ozone standard. Both states are focusing on
the GHG emission-reduction benefits of the California program (Office
of the Governor of Washington 2004; State of Oregon 2004).
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Legal and Administrative Status of Greenhouse Gas Initiative

CARB approved the GHG standards in September 2004, and the fi-
nal rule-making package was approved by California’s Office of Admin-
istrative Law on September 15, 2005. The standards face major chal-
lenges in terms of obtaining a waiver from EPA and from lawsuits filed
by automakers. A primary objection raised by automakers is that, be-
cause most reductions in GHG emissions are from decreases in CO,
emissions due to improved fuel economy, the GHG standards are fuel
economy standards, which are preempted by federal laws and regulations
mandating uniform, nationwide standards for fuel economy. That objec-
tion will be one of the primary arguments made by plaintiffs in the law-
suit, Central Valley Chrysler et al. v. Witherspoon, which is scheduled to
begin trial in the Federal District Court in late 2006.

CONCLUSIONS

The history of LDV regulation provides insights into how EPA and
CARB set emissions standards and how other states adopt standards.
EPA and CARB’s present-day LDV emissions standards integrate fuel
and emissions limits, certification flexibility, and, in CARB’s case, a
mandate for promoting advanced-technology vehicles. The following
conclusions are drawn from the information presented in this chapter on
the practices and issues related to LDV emissions standards.

. CARB and EPA analyses of their emissions standards are
found in CARB’s staff paper and EPA’s regulatory impact analysis, re-
spectively. Both documents include a technical feasibility assessment,
emissions impacts analysis, engineering cost assessments, and cost-
effectiveness estimates. For major rules, such as the Tier 2 LDV regula-
tions, EPA is required to conduct a health benefits assessment to com-
pare with total costs. CARB does not consider public health benefits
directly in its regulatory analysis of emissions standards because it uses
its proposed standards to attain health-based NAAQS, which EPA has
already assessed for public health benefits.

e  The majority of available cost estimates of emissions stan-
dards are for LDVs, but these estimates vary substantially and are uncer-
tain. It is difficult to determine what parties bear what fraction of the
costs of emissions standards. Manufacturers closely guard cost and pric-
ing data to avoid placing themselves at a competitive disadvantage.
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e  With the LEV program, California has used its authority as
Congress envisioned: to implement more aggressive measures than the
rest of the country and to serve as a laboratory for technological innova-
tion. There have been successes, such as CARB’s early recognition of
the need to couple fuel composition with emissions control, and failures,
such as the promotion of widespread use of electric vehicles.

e  As a rationale for adopting California LDV standards, some
states expect that California will continue to reduce standards earlier than
the federal program. Some states have also adopted or expressed interest
in adopting the California GHG emissions standards.

e  To date, CAA section 177 authority has been used primarily
by various northeastern states to adopt California LDV standards. Manu-
facturers of mobile sources have raised objections to the adoption of
California standards by other states. Up to this point, adopting states and
manufacturers have turned to the courts to resolve their technical and
legal disputes when direct negotiations have failed. Although EPA is an
appropriate entity to comment on some of these disputes, it has no au-
thority over states’ adoption decisions.
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Light-duty vehicles (LDVs) have had the longest emissions-
regulation history of any mobile sources and have raised many of the key
policy and technical issues related to mobile-source emissions control.
Regulation of non-LDV vehicles and engines, however, has raised sev-
eral new issues that are important to state emissions standards. This
chapter presents four case studies of emissions standards for non-LDV
vehicles and engines:

o Spark-ignition marine outboard and personal watercraft en-
gines. This case study of a newly regulated source is also one of the few
instances where a state (New York) has exercised its opt-in authority to
adopt a California emissions standard for a nonroad engine. (Texas has
also adopted California's standards for large spark-ignition engine.)

. On-road heavy-duty engines. EPA’s 2007 standards, which
include fuel sulfur limits, are technology forcing and projected to result
in widespread use of exhaust after-treatment.” California has adopted
nearly identical standards after 2007, although there are differences for
2005 and 2006. Some other states have chosen to adopt California’s pro-
gram over federal regulations.

o Small nonroad spark-ignition (SI) engines. Small SI engines,
primarily in lawn and garden equipment, are important sources of non-

! After-treatment is used here and throughout this chapter to mean removal of
pollutants in the exhaust gases after they have exited the engine. This term refers
to only one part of typical emissions control on present day mobile sources,
which integrates fuel properties, engine modifications, and exhaust treatment.

225
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road emissions nationwide. The most recent California emissions stan-
dards regulate evaporative emissions on such engines for the first time
and are expected to require catalyst after-treatment on more types of en-
gines than in previous regulations. These California standards drew
increased attention because of economic and safety issues related to con-
trolling emissions from small SI engine equipment.

. Voluntary programs. A number of incentive-based nonregula-
tory programs have provided for significant cost-effective emissions re-
ductions in nonattainment areas.

SPARK-IGNITION MARINE OUTBOARD
AND PERSONAL WATERCRAFT ENGINES

The 1990 Clean Air Act (CAA) amendments focused regulatory at-
tention on reducing emissions from nonroad vehicles and engines. In the
1991 “Nonroad Vehicle study” to Congress, EPA found that recreational
marine engines contributed approximately 30% of the total hydrocarbon
(HC) emissions from nonroad sources, second only to small SI lawn and
garden engines (EPA 1991). Data presented in the figures in Chapter 2
confirm that percentage in 2002. Most recreational marine emissions
come from SI engines, which can be divided into two groups: outboard
and inboard engines. Outboard engines typically hang on the hull of a
boat and are traditionally light two-stroke engines. Personal watercraft
(PWC) commonly have two-stroke jet drives and have been regulated
with marine outboard engines as discussed below. Inboard engines are
within the hull of the boat and are mostly derivations of four-stroke
automobile engines.

Separate standards apply to SI outboard and PWC engines, and this
case study focuses on those sources. Early rule-makings note that EPA
was most concerned about outboard and PWC engines since they use
two-stroke engine technology with much higher rates of HC emissions
then inboard or stern-drive engines (61 Fed. Reg. 52087 [1996]).

EPA Standards for Outboard and Personal Watercraft Engines
Stringency

The U.S. Environmental Protection Agency (EPA) finalized first-
time HC and nitrogen-oxide (NOy) emissions standards in 1996 for out-
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FIGURE 7-1 EPA model-year 1998-2006 exhaust (HC + NO,) emissions stan-
dards curves for recreational marine outboard and personal watercraft engines.
Note that the emissions standards at the smallest levels, approximately less than
5 horsepower, reach an upper maximum and do not correspond to the equation
given in the text. *Grams per kilowatt-hour. Source: CARB 1998b.

boards and PWC. Because it is typically more difficult to reduce emis-
sions on a given type of engine as its rated power decreases, the EPA
emissions standards are a function of the rated power of the engine. Fur-
thermore, the standards become progressively more stringent from the
beginning of the regulations in model-year 1998 to 2006. The formula
(EPA 1996a) for calculating the emissions standards as a function of
rated power of the engine is

HC +NO, =A*(151+ﬂ)+3,
PO.9

where HC + NO is the level of the emissions standards in grams per
kilowatt hour, P is the rated power of the engine, and A" and B are coef-
ficients that decrease each year between 1998 and 2006.

Manufacturers are allowed to meet the standard as a corporate aver-
age. A graphic depiction of the formula is presented in Figure 7-1.

Scientific and Technical Analysis

As noted above, EPA identified a need for emissions standards for
the SI sources based on their contribution to emissions. A regulatory im-
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pact analysis (RIA) accompanying the regulations included technical
feasibility, economic impacts, and environmental impact analyses (EPA
1996a). These analyses are summarized below.

HCs are the pollutant of concern from outboards and PWC because
large quantities are emitted from standard two-stroke engines. Candidate
technologies listed in the RIA to meet EPA standards were four-stroke
engines, direct-injection two-stroke technology, and catalyst additions.
Switching to four-stroke engines or direct-injection technology would
result in both significant reductions in HC emissions and improvements
in fuel economy. Four-stroke engines were especially promising because
of the growing availability of these products. Manufacturer and in-house
test data demonstrated a 75-95% reduction in HC emissions by switching
from traditional two-stroke to four-stroke engines, a 75-90% reduction
by switching from traditional two-stroke to two-stroke engines with di-
rect injection, and a 65-75% reduction by adding a catalytic converter
(EPA 1996a). EPA also found that switching to four-stroke or direct-
injection increased NOy emissions, although the increases were small
compared with the HC benefits. EPA states that manufacturers could use
such technologies as exhaust gas recirculation (EGR) and better air and
fuel control to counter the NO, increases.

Projected engine changes to meet the EPA standards were expected
to have several other impacts. For example, switching from traditional
two-stroke engines would mean using approximately 30% less fuel,
which previously was exhausted unburned (EPA 1996a). EPA stated that
engines would be easier to start and have improved performance, faster
accelerations, and less smoke, fumes, and noise (61 Fed. Reg. 52087
[1996]). EPA stated that, in its view, the regulations did not violate or
conflict with safety mandates. Although EPA acknowledged that the
Coast Guard was concerned about fuel-injection systems on marine ves-
sels, EPA believed that manufacturers would work with the Coast Guard
to ensure the safety of fuel-injection systems, which were already in use
on some outboard engines (EPA 1996a).

EPA’s estimates of technology costs were based on confidential
data provided by manufacturers. Cost and cost effectiveness estimates
were not presented for specific technologies because of the possibility of
associating specific technologies with specific manufacturers based on
those data. Rather, EPA presented its cost method for a fictitious engine
family and presented the range of marginal manufacturing costs and cost-
effectiveness across potential combinations of technologies and engines
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without identifying which technologies were used for which engine fam-
ily (EPA 1996a). In assessing economic impacts, EPA noted that a small
number of engine manufacturers dominated the SI marine industry. As
part of the RIA, EPA contracted with two independent companies to
gather information on engine and vessel markets. EPA estimated that
total annualized costs due to the rule-making would reach a near-term
peak of $370 million in 2006, roughly 8% of projected retail expendi-
tures in that year. The estimated average per-engine-cost increase to the
consumer would be $700 in 2006, which takes into account $480 in fuel
savings.

EPA estimated a 75% reduction in HC emissions, approximately
550,000 tons nationwide, from the sources under consideration by 2025
as a result of its rule. A qualitative discussion of air quality and of health
and welfare benefits was also included for ozone; no modeling was com-
pleted to estimate the effects of the rule on ambient concentrations. Esti-
mated emission-reduction benefits for benzene, 1,3-butadiene, formalde-
hyde, acetaldehyde, and carbon monoxide were presented along with an
assessment of the expected health and welfare impacts of lower concen-
trations of each pollutant. However, these health and welfare impacts
were not quantified or monetized (EPA 1996a).

The California Air Resources Board Standards
for Outboard and Personal Watercraft Engines

Stringency

In 1998, the California Air Resources Board (CARB) adopted new
exhaust emissions standards for outboard and PWC marine engines to
take effect in model-year 2001. In adopting the rule, CARB stated that
the regulations were designed to harmonize as closely as possible with
federal rules. The regulations included corporate averaging and used
EPA test procedures and test cycles for certification and testing. CARB’s
standards took EPA’s model-year 2006 exhaust standard for HC and NO
and applied it to model-year 2001. CARB also set two lower tiers of
standards at 80% and 35% of the 2006 value to begin in 2004 and 2008,
respectively. The emissions standards calculated as a function of power
rating are shown graphically in Figure 7-2. Water quality was also ex-
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FIGURE 7-2 HC and NOy Tier 1 will begin in 2001 (EPA’s 2006 model year
standard); Tier 2, which is 80% of Tier 1, will begin in 2004; and Tier 3, which
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hour. Source: CARB 1998b.

pected to benefit from reduced unburned-fuel emissions, and CARB ac-
counted that as an important benefit of the rule.

Scientific and Technical Analysis

CARB?’s technical feasibility assessment for their proposed stan-
dards included an evaluation of commercially available two-stroke car-
bureted and direct-injection engines and four-stroke engines (CARB
1998b). Data from federally certified direct- injection two-stroke engines
showed emissions to be about 85% lower than emissions from carbureted
two-stroke outboard engines. Compared with the emissions from conven-
tional carbureted two-stroke engines, the emissions from four-stroke en-
gines were typically 75-90% lower. Direct-injection two-stroke engines
could meet the first and second tiers of the proposed standards, but com-
pliance with the third tier would probably require addition of a catalyst
(CARB 1998b). Emissions data collected by EPA demonstrated that ex-
isting four-stroke engines could easily comply with the proposed Cali-
fornia Tier 1 and Tier 2 standards, and many already complied with the
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proposed Tier 3 standards. Engine manufacturers had expressed concern
about 4-stroke engines, including their larger size, heavier weight, and
increased cost. However, four-stroke engines were found to offer similar
power-to-weight ratios and consume less fuel and oil, thereby offsetting
increases in purchase costs. For exhaust after-treatment, engine modifica-
tion and use of catalytic converters were considered technically feasible
(CARB 1998b).

Cost analysis for compliance with Tier 1 and Tier 2 standards for
outboard engines took into account horsepower rating, annual engine
sales, emissions-control requirements under the national and California
standards, carbureted two-stroke and controlled engine emissions levels,
incremental engine prices, and fuel-economy improvements and associ-
ated savings. For different horsepower engines, CARB estimated the
number of additional emissions-controlled engines that would have to be
sold, the associated retail prices, and the lifetime emissions benefits
(CARB 1998b). Estimating cost of compliance with Tier 3 standards re-
quired a different approach because outboard engines and PWC were not
manufactured with catalysts at the time of the assessment. Therefore,
CARB conducted a cost assessment similar to that for adding a catalyst
to four-stoke engines.

CARB estimated additional statewide emissions reductions for out-
board engines and PWC by 2010 and 2020 that would be achieved
through the accelerated implementation of the EPA emissions standards
(CARB 1998b). Estimates of reductions were obtained using the OFF-
ROAD inventory computer model (CARB 2004e), which showed sub-
stantial additional reductions for reactive organic gas (ROG) and smaller
additional reductions for NO,. One benefit of accelerated implementation
of the EPA standards was the faster elimination of carbureted two-stroke
engines. These engines, as noted above, eject as much as 30% of their
fuel into the air and water uncombusted and are a significant source of
HCs (some of which are ozone precursors) and hazardous air pollutants
(HAPs) (CARB 1998b).

Section 11346.3 of the California Government Code requires state
agencies to assess the potential for adverse economic impacts on Califor-
nia business enterprises and individuals when proposing to adopt or
amend any administrative regulation. The assessment must include a
consideration of the impact of the proposed regulation on California jobs;
business expansion, elimination, or creation; and the ability of California
business to compete. CARB expected that the proposed regulations
would not impose a significant cost burden on marine engine manufac-
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turers within the state because most manufacturers are large and located
outside California. Annual costs of the proposed regulations were esti-
mated to be around $33 million in 2001, $20 million in 2004, and $21
million in 2008. Those costs were expected to be passed on by manufac-
turers to marine engine buyers, resulting in an increase of about 14% in
average retail prices of a marine engine. The impact on retail sales of
these additional costs was anticipated to be minimal, as the most impor-
tant factors in the purchase of a marine vehicle include the cost of main-
tenance, which should be reduced in the newer engines, and fuel
efficiency, which should improve substantially with the availability of
direct-injection two-stroke engines and improved four-stroke engines
(CARB 1998b).

New York Adoption of CARB Standards

During the summer of 1999, New York was out of attainment of the
National Ambient Air Quality Standards (NAAQS) for the 8-hr ozone
standard for 38 days, and the New York City metropolitan area was out
of attainment for the 8-hr standard for 26 days. To help bring nonattain-
ment areas into compliance with the NAAQS, the state sought additional
ways to reduce emissions of compounds that result in ozone formation.
Emissions from PWC were identified as one such source; PWC were
responsible for 8,850 tons of volatile organic compounds (VOCs) and 39
tons of NO, emissions in 1999 (NYDEC 2003).

In 2000, the New York state legislature amended its Environmental
Conservation Law by adding language that would allow for the adoption
of regulations consistent with the California emissions reductions and
labeling regulations for new SI marine engines used in PWC. The legis-
lative objective of these changes was to “reduce emission of hydrocarbon
and oxides of nitrogen into the air as well as exhausted into the water,
from SI engines, specifically personal watercraft engines.” The state
cited reductions in particulate matter (PM) emissions as an additional
benefit of the proposed regulations. The adoption of the PWC regulations
would be incorporated into the state implementation plan (SIP).

The proposed PWC regulations were identical to California PWC
regulations. The New York program included the implementation of in-
creasingly more stringent PWC emissions standards between 2001 and
2008, and the application of new test procedures for new and in-use en-
gines. New York found that the CARB standards resulted in PWC emis-
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sions 59% lower than the federal program for the average horsepower
engine for 2001 and 49% lower for 2004. The total estimated cost of im-
plementation for New York was determined from the incremental cost
estimates generated by CARB and the PWC fleet estimated for the year
2004. The New York Department of Environmental Conservation (DEC)
agreed with CARB that cost increases would be passed on to the con-
sumer but found that the impact on sales would be reduced by the result-
ing increase in fuel efficiency, lower maintenance costs, and a demand
for new technologies offering performance advantages. No substantial
impact on employment was expected, as the marine engine manufactur-
ing industry accounted for only 0.9% of manufacturing jobs in the state
(NYDEC 2003).

HEAVY-DUTY-VEHICLE ENGINE STANDARDS
Current Standards

Emissions standards for highway heavy-duty trucks and buses have
traditionally been less stringent than those for light-duty passenger cars
and trucks. Emissions standards apply to the engines and not the vehi-
cles, and early regulations have been met primarily by engine modifica-
tions rather than exhaust after-treatment. More details on early standards
for these engines are given in Chapter 4.

In 1995, EPA, CARB, and engine manufacturers signed a statement
of principles (SOP) that recognized the need for significant controls on
highway HDV engines, particularly for NO, and PM, and ensured regu-
latory certainty for the industry (EPA 1995). The SOP included agree-
ments to achieve the following:

e  Reduce NO, emissions standards to roughly 50% of 1998
standards beginning in model-year 2004.

e  Harmonize certain California and federal standards for HDV
engines.

e  Evaluate the role of fuel in achieving even lower future
emissions.

° Research achieving NO, and PM emissions as low as 1.0
grams per brake-horsepower-hour (g/bhp-hr) and 0.05 g/bhp-hr, respec-
tively. The latter PM emissions limit already applied to urban buses.
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Model-Year 2004 Rule

EPA adopted rules in 1997 (62 Fed. Reg. 54694 [1996]) that in-
cluded a 2.4 g/bhp-hr (NOy plus nonmethane hydrocarbon [NMHC])?
emission standard to take affect in model year 2004. Emission standards
for carbon monoxide (CO) and PM continued at their 1998 levels of 15.5
and 0.10 g/bhp-hr, respectively. In 1999, California adopted those same
emissions standards for model-year 2004 HDVs. Since most HDV en-
gines are in trucks that conduct interstate transport, many of these
sources in California are not registered there; thus, California has an in-
terest in a stringent national standard. In 1999, EPA also reaffirmed their
standards after determining that the technology would be available to
achieve those levels of emissions by 2004.

Consent Decree

In 1998, the U.S. Department of Justice, EPA, CARB, and seven
major engine manufacturers reached a settlement over the manufacturers’
use of software programs that allowed better fuel economy at cruise
speeds but resulted in excess NO, emissions. The software had been used
on most model-year engines in the 1990s, and the NOy emission in-
creases were not detected with standard federal test procedure (FTP) cer-
tification. Although manufacturers declared that existing regulations al-
lowed this fuel-saving strategy, EPA declared this practice illegal. The
result of the settlement included civil penalties and a consent decree in
which manufacturers agreed to perform the following:

e  Reprogram the software controlling the engine if the engine
was rebuilt, also referred to as chip reflash.

e  Meet the model-year 2004 emissions standard for NO4 and
NHMC in 2002 nationwide.

. Certify engines using a supplemental steady-state test proce-
dure based on European certification tests (the EURO III European sta-
tionary cycle [ESC test]) and require that engine emissions not exceed
1.25 times the FTP emissions limits under certain operating conditions
(the not-to-exceed [NTE] rule). The ESC and NTE test procedures would

? Manufacturers had the option of certifying at 2.4 g/bhp-hr the NMHC and
NOy standard or at 2.5 g/bhp-hr with a limit on NMHC of 0.5 g/bhp-hr.
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be required in addition to the FTP and applied up to model-year 2004
engines when the consent decree expired. CARB later adopted a rule re-
quiring the additional ESC and NTE test procedures to apply to model-
years 2005 and 2006 engines as well.

Model-Year 2007 Rule

In 2001, EPA finalized the most stringent emissions standards to
date for HDV engine emissions standards for model year 2007, referred
to hereafter as 2007 HDV engine standards. A PM emission standard of
0.01 g/bhp-hr is to begin with model-year 2007. NO, and NMHC stan-
dards of 0.20 g/bhp-hr and 0.14 g/bhp-hr, respectively, will be phased in
for model-years 2007-2010 diesel engines; the standards will apply to
50% of sales in model-years 2007-2009 and 100% of sales in model year
2010.°> A major part of this control effort is the coincidental low-sulfur
fuel regulations, which limit diesel-fuel sulfur content to 15 parts per
million (ppm) beginning phase-in in 2006. Present day diesel-fuel sulfur
limits are 500 ppm; however EPA estimated in 2000 that diesel fuel in
the United States on average contained sulfur at 340 ppm (EPA 2000c).
Manufacturers are required to certify engines by using the supplemental
steady-state test procedure and NTE rule beginning with model-year
2007 as part of these standards. California will adopt the same emissions
standards and test procedures for HDV diesel engines beginning with
model-year 2007. The emissions standards require a reduction of more
than 90% in NOy and PM from new engines by 2010.

The 2007 HDV engine standards are technology-forcing and are
expected to require widespread use of new types of exhaust after-
treatment devices. EPA conducted two biennial assessments of the feasi-
bility of meeting these standards. The last assessment in March 2004
concluded that manufacturers were on track to achieve the required emis-
sions reductions.

Despite EPA, CARB, and manufacturers having worked coopera-
tively to achieve a uniform standard for HDV engines, a number of legal
disputes arose over the standard. Engine manufacturers and their trade
association (EMA) challenged the NTE rule in courts, arguing that NTE

3 Although not discussed here, gasoline engines for HDVss are also subject to
the same standards beginning with 2008 and 2009. Separate standards that apply
to the whole vehicle, as opposed to the engine, for HDV gasoline engines also
apply during this period.
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limits are illegal and technically infeasible. Manufacturers argued that
imposing NTE limits is effectively imposing an emissions standard
rather than a certification test. Further, they argued that laboratory tests
cannot ensure compliance with a NTE cap under all real-world driving
conditions. These suits led to a settlement among manufacturers, CARB,
and EPA in which manufacturers agreed to a manufacturer-run, in-use
compliance testing program to coincide with the 2007 emissions stan-
dards (EPA 2003d). Manufacturers have also opposed a CARB rule to
require installation of modified engine-control software (chip reflash)
when in-use engines are rebuilt. CARB found that engines were not be-
ing rebuilt as quickly as anticipated and started a voluntary reflash pro-
gram in 2004. CARB subsequently found that the voluntary program was
not meeting its goals, and adopted a rule in 2004 to make the reflash
mandatory. Finally, the South Coast Air Quality Management District
(SCAQMD) attempted to achieve further emissions reduction in its air-
shed by mandating that HDV fleets include advanced technology en-
gines. As discussed in Chapter 3, the Supreme Court ruled that this regu-
lation was an emissions standard and that the SCAQMD had no authority
to establish it.

Scientific and Technical Practices in
Setting 2007 HDV Engine Standards

The HDV engine standards for 2007 have much in common with
the LDV standards of the 1970s: The 2007 standards are highly technol-
ogy-forcing, providing substantial emissions reductions and requiring
exhaust after-treatment. The amount of analysis that supported the 2007
HDYV standards, however, is much greater than the amount that supported
the standard setting for LDVs in the 1970s. EPA took the lead in setting
the HDV standards, and this section focuses mostly on EPA’s practices
as described in the RIA (EPA 2000c). As in the LDV case study, stan-
dard-setting practices were divided into health and environmental im-
pacts, technical feasibility, and economic impact analyses. As mentioned
above, a major part of this rule-making was the simultaneous regulation
to reduce sulfur content in fuel. Because the engine and fuel are viewed
as an integrated system and the 2007 standards can be met only by using
low-sulfur fuel, the RIA includes a similar analysis for the technology
and costs required to produce low-sulfur diesel fuel, including the costs
for production and distribution. The fuel production costs and the engine
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technology costs were used to compute the cost-effectiveness and cost-
benefit analysis that is presented in the RIA.

Health and Welfare Effects

The RIA for the 2007 HDV engine standards described the health
and welfare effects of reducing ozone concentrations and emissions of its
precursors. EPA performed photochemical grid modeling analysis for the
eastern United States to project the effects of the proposed rule on ozone
in 2020 and 2030 relative to a baseline of no proposed rule. EPA also
considered the effect of the rule based on analysis of a number of local
SIPs. The HDV engine standard was projected to reduce ozone concen-
trations in nonattainment areas and reduce the number of nonattainment
areas for ozone. The RIA also discussed the health and welfare effects of
the proposed rule on PM concentrations (and PM nonattainment areas),
diesel exhaust emissions, HAP concentrations, visibility and regional
haze, acid deposition, eutrophication and nitrification, polycyclic organic
matter deposition, and CO concentrations.

Emissions benefits were estimated by EPA using MOBILESb
(NOy, VOC, and CO) and PARTS5 (PM and sulfur dioxide [SO,]). Some
adjustments were made to these models to account for updated data in
MOBILE®6 (which had not been released at the time of the analysis). HAP
emissions were estimated by an EPA contractor using MOBTOX5Db, a
model based on MOBILESb that includes HC toxic fractions by vehicle
type and driving conditions. The RIA presented estimated emissions re-
ductions of benzene, formaldehyde, acetaldehyde, and 1,3 butadiene.
Emissions were estimated from diesel engines, including crankcase
emissions, and from HDV gasoline engines, including evaporative HC
emissions. EPA also included estimates of the emissions benefits of the
low-sulfur requirement for non-HDVs. Figure 7-3 shows projected NOy
emissions resulting from the 2007 HDV engine standards (controlled)
relative to the 2004 HDV engine standards (baseline). The 2007 stan-
dards were estimated to reduce HDV engine on-road NOy emissions by
90% in 2030. The RIA also estimated a 90% reduction in PM;, emissions
in 2030 and a 30% reduction in NMHC emissions in 2030 (EPA 2000c).

Health benefits from the 2007 HDV rule were estimated for many
of the same respiratory health end points considered in the Tier 2 rule
(see Table 6-12 in Chapter 6). The rule was expected to result in 8,300
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FIGURE 7-3 Projected nationwide NO, emissions with and without the 2007
HDV engines and fuel sulfur standards. Source: EPA 2000c.

avoided cases of premature mortality, 5,500 avoided cases of chronic
bronchitis, and 361,400 avoided asthma attacks annually in 2030. The
reader is referred to a 2002 NRC report on estimating public health bene-
fits of proposed air pollution regulation, which includes the 2007 HDV
rule as a case study and lists the estimated types, numbers and monetized
value of the health benefits (NRC 2002b).

Technical Feasibility

The 2007 rule includes standards for HDV diesel engines and for
HDV gasoline engines. Because the standards are most important for
diesel engines, only these technologies are summarized here. Candidate
technologies target PM and NO,—the pollutants controlled to the great-
est degree by the standards. Earlier standards, including the 2004 HDV
engine standards, were met largely by reducing the formation of pollut-
ants in the engine during combustion (engine-out emissions), for exam-
ple, by introducing electronic fuel systems. EPA stated in its RIA that
cooled EGR would be used widely to meet the 2004 and 2007 standards.
Although improvements to EGR technology were expected and it would
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be more effective with low-sulfur fuel, this strategy alone was not
thought to be sufficient to meet the 2007 HDV engine standards.

Catalyzed diesel particulate filters (CDPFs), in conjunction with
low-sulfur fuel, were identified as the only control devices capable of
meeting the 2007 standards of 0.01 g/bhp for PM. Particulate filters work
by filtering PM on a ceramic or metal filter, which is later burned off
(filter regeneration). Catalyzed filters contain precious metals and base
metal catalyst components that allow regeneration to occur at the tem-
peratures of normal engine operation (passive regeneration). Because
CDPFs constantly regenerate, they maintain low back pressure and thus
minimize fuel economy penalties. CDPFs are able to achieve 90% reduc-
tion in exhaust PM emissions by using 15-ppm sulfur fuel. EPA states
that some manufacturers had already developed and field-tested these
filters and determined their feasibility and durability. Other research and
field evidence, such as CDPF use on European trucks, also supports the
feasibility of this technology for control of PM mass and ultrafine PM
number concentrations (EPA 2000c).

NOy emission control for light-duty vehicles is provided in part by
EGR, when used, and by efficient three-way catalyst technology that
achieves more than 95% NO, reduction under stoichiometric combustion
conditions where oxygen content is less than 1% before the catalyst. Die-
sel exhaust under typical driving conditions has excess oxygen (6% to
18%), which reduces PM formation but makes it more difficult to re-
move NOy. EPA (2000c¢) discussed three main technologies, described in
Table 7-1, that reduce NOy in lean-burn conditions and that have the po-
tential to be used to meet the 2007 standards.

Field testing and research evidence for NOy control are presented in
the RIA only for NO, adsorbers, which EPA considered, at the time, the
leading candidate technology to meet the most stringent 2010 NOy emis-
sions limits. EPA found later that technologies such as selective catalytic
reduction (SCR) will probably be used by some manufacturers to meet
the standards (EPA 2004g). EPA noted in the RIA that HDV engine
companies had already introduced NOy adsorber technology on products
in Japan, Europe, and the United States, and all were achieving signifi-
cant NOy reductions. EPA noted that research was conducted on NO,
adsorber technology by the U.S. Department of Energy and the Oak
Ridge National Laboratory. Finally, EPA staff conducted bench-scale
testing of four NO, adsorber systems provided by the Manufacturers of
Emissions Control Association (MECA) at the National Vehicle and Fuel
Emissions Laboratory (NVFEL) and showed that the systems could
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TABLE 7-1 NO, After-Treatment Devices for HDV Diesel Engines

1. Lean NO catalysts. A zeolite coating on a catalyst adsorbs
hydrocarbons that oxidize and create an oxygen poor environment conducive to
NOjy reduction. Even when HCs are actively introduced into the exhaust stream,
these systems are expected to achieve only a 30% NO, reduction.

2. NO, adsorber. An adsorber is an advancement of the three-way
catalyst in that it contains a mechanism that stores NOy under lean-burn
conditions and then releases it for conversion by the three-way catalyst under
periodic, short, fuel-rich, and stoichiometric exhaust conditions. Fuel sulfur
content is critical to the performance and durability of the adsorber. NOy
adsorbers have been shown to achieve greater than 90% NO, control efficiency.
The majority of the technology description in this RIA covers NOy adsorbers.

3. Selective catalytic reduction. Reduces NOy over a vanadium-
titanium catalyst by introducing ammonia upstream of the catalyst in the form
of a urea ([NH2],CO) solution. A diesel oxidation catalyst (DOC) may be
introduced up- and downstream of the vanadium-titanium catalysts to convert
nitrogen oxide to the desirable nitrogen dioxide form and to oxidize any unre-
acted ammonia. EPA cites evidence that 70-80% of NO, reduction could be
achieved in the temperature conditions typical of diesel exhaust. EPA identified
two difficulties with this technology: the necessity for a urea infrastructure and
the lack of incentives for users to replenish their urea supply.

Source: EPA 2000c.

achieve greater than 90% control over a broad range of operating condi-
tions. A detailed description of performance and durability testing and
results is presented in the RIA (EPA 2000c). EPA (2004g) identified four
improvements necessary for commercial application of NOy adsorbers:
(1) broaden the temperature range over which the adsorbers were effec-
tive, (2) improve thermal durability, (3) improve methods for desulfation
(desulfation is the process by which sulfur is cleansed from the NO, ab-
sorbers), and (4) improve the integration of NOy adsorbers with engines
to achieve regeneration and maximize fuel economy (EPA 2004g).

The RIA included cost estimates for meeting the 2007 HDV engine
standards, which included variable costs (incremental hardware costs,
assembly costs, and associated markups) and fixed costs (tooling, re-
search and development, and certification) (EPA 2000c). EPA also ac-
counted for a “learning curve,” which reduces manufacturer costs over
time as they innovate and lower the operating costs needed to meet the
standards. Costs were estimated for four classes: light HDVs (8,500-
19,500 1b gross vehicle weight [GVW]), medium HDVs (19,501-33,000
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Ib GVW), heavy HDVs (33,001+ Ib GVW), and urban buses. EPA used
contractor estimates of some of the variable costs of projected control
equipment as well as maintenance savings associated with the use of
low-sulfur diesel fuel. Cost estimates for the heavy HDVs are presented
in Table 7-2. EPA also presented a cost-effectiveness analysis comparing
these regulations with others, and a cost-benefit analysis as required un-
der Executive Order 12866 (discussed in Chapter 3). EPA estimated the
total monetized benefits in 2030 of the 2007 HDV rule to be $70.4 bil-
lion (in 1999 dollars), 90% of which is due to the avoided cases of pre-
mature mortality due to reduced PM concentrations. Annual costs of the
rule were estimated to be $4.2 billion (in 1999 dollars). To characterize
uncertainty, EPA provided alternative calculations of the benefits using
different assumptions and values for the key parameters used in the cal-
culations. The reader is referred to the RIA (EPA 2000c) and the NRC’s
report on health benefits (NRC 2002b) for details on these analyses.

Scientific and Technical Practices in
CARB’s Adoption of HDV 2007 Standards

CARB (2002) adopted slightly modified versions of the EPA 2007
standards and test procedures for HDV diesel engines. Despite the differ-
ences, the two sets of standards are widely considered to be identical.
CARB?’s proposed rule was accompanied by a staff paper (“Initial State-
ment of Reasons”) that assessed emissions benefits, technical feasibility,
and economic impacts (CARB 2001b). CARB noted that the emissions
reductions proposed in this rule were in addition to those in the 1994 SIP
but that additional reductions from HDV engines would be necessary for
some areas in California to attain the NAAQS. CARB briefly reviewed
technologies with a reference to information presented in EPA’s RIA and
reviewed ongoing research and demonstration projects. Cost estimates
were also taken from EPA’s RIA. CARB calculated emissions benefits
statewide and for various basins by calculating a ratio of the 2007and
2004 emissions standards and applying it to the projected emissions re-
sulting from the 2004 standards. No separate emissions modeling or air
quality modeling was done for this rule. CARB presented cost-
effectiveness estimates of the rule and compared them with other Cali-
fornia mobile-source regulations.
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Biennial Reviews and Status of 2007 Rule Implementation

In the preamble to the 2007 HDV engine rule, EPA committed it-
self to biennial assessments of heavy-duty NOy adsorber technology (66
Fed. Reg. 5002 [2001]); two of them have been released (EPA 2002b,
2004g). Although the initial intent of the assessments was public periodic
review of the status of the NO, adsorber technologies, the assessments
have reported more broadly on industry progress toward all aspects of
the 2007 standards. Some main points from the 2004 review are the
following:

e  CDPFs will be used by all manufacturers to meet the 0.01-
g/bhp-hr standard in 2007 and are already being successfully used where
fuel meets the 15-ppm sulfur.

e  Because of flexibility in the phase-in requirements in 2007-
2009, most manufacturers appear to have chosen to meet a fleet-average
standard of 1.2 g/bhp-hr for NOy in those years (as opposed to 50% of
the fleet meeting the 0.20-g/bhp-hr standard and 50% meeting the exist-
ing 2.5-g/bhp-hr standard), followed by a jump to 100% compliance to
meet the 0.20-g/bhp-hr standard in 2010. Improvements to EGR systems
could also allow manufacturers to meet the interim 1.2-g/bhp-hr standard
without NO, adsorbers. Some manufacturers may also use selective cata-
lytic reduction.

e  Despite the lack of widespread use of NO, adsorbers, they
continue to improve and are used in light heavy-duty trucks in Japan.

e  Prototype vehicles with NOy adsorbers will be introduced in
2005 in the United States for early customer fleet testing.

e  Discussions with manufacturers led EPA to conclude that
manufacturers have solutions to meet the standards. Manufacturers pro-
vided evidence that compliance with the standards was integrated into
their business plans, and resources toward compliance were allocated.

California Standards for HDVs and
State Adoption of California Standards

Differences between California and Federal Standards

California’s standards are widely considered to harmonize with
EPA’s standards for HDV diesel engines for model-year 2007 and be-
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yond. Nevertheless, several states, using their authority under CAA sec-
tion 177, adopted California’s standards for those engines. As discussed
above, manufacturers were required to use the ESC and NTE tests in ad-
dition to the FTP test for engine certification for model-years 2002-2004
and will be required to certify engines using all three tests for model-year
2007. EMA challenged these requirements in the courts. California
adopted a regulation requiring that NTE and ESC tests be used for Cali-
fornia-certified engines for model-years 2005 and 2006 to ensure that
engines would continue to achieve low emissions for those interim model
years (the “NTE rule”).

State Adoption of NTE Testing

The State and Territorial Air Pollution Program Administrators and
Association of Local Air Pollution Control Officials (STAPPA/
ALAPCO 2001) published a model rule for states to adopt NTE test pro-
cedures for model-years 2005 and 2006 engines (STAPPA/ ALAPCO
2001). As of March 2003, California’s NTE rule had been adopted by 12
states: North Carolina, New Jersey, Maryland, Delaware, Georgia, Mas-
sachusetts, Maine, Texas, Rhode Island, New York, Pennsylvania, and
Connecticut as well as the District of Columbia. STAPPA/ALAPCO
states that these adoptions would affect one-third of national truck sales
and produce emissions benefits equivalent to removing 30 million cars
from the road (Becker 2004).

State Adoption of California 2007 Standards

STAPPA/ALAPCO (2004) published a model rule for states to
adopt California’s HDV diesel-engine standards, although the standards
and test procedures for model year 2007 and beyond are the same as
EPA’s. The rationale behind this model rule is to ensure that states keep
the level of emissions control achieved by the 2007 standards even if
EPA changes the rule or otherwise relaxes the standards (Becker 2004).
The perception that EPA could change the rule stems from strong oppo-
sition to the 2007 standards from the trucking industry, engine manufac-
turers, and the fuel industry concerning technical feasibility, the ability to
distribute low-sulfur fuel, and the cost to industry of new engines and
fuel. The American Trucking Association (ATA), the American Petro-
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leum Industry (API), and Mack Trucks/Volvo Powertrain all filed peti-
tions asking EPA to reconsider the 2007 standards; all petitions were re-
jected by EPA (2001a,b,c). In 2004, the trucking industry brought their
concerns to Congress, who in turn requested a Government Accountabil-
ity Office (GAO) study on the issue. The study found that refiners and
engine makers were on track to meet the 2007 standards but urged that
an independent review panel be appointed to assess the technical feasibil-
ity issues and to consider financial incentives to ensure industry compli-
ance (GAO 2004). Executives from the trucking industry also publicly
called for delay of the rules (Clean Air Trust 2003). ATA has since en-
dorsed the 2007 standards (Heilprin 2004); however, it has expressed
doubts that the expected emissions benefits will be realized, especially if
truck buyers stock up on less-expensive higher-emitting trucks before the
first model year of regulations (Barber and Sween 2005). The majority of
engine manufacturers are confident they will meet the 2007 standards
(EPA 2004g).

As a result of concerns that pressure on EPA could cause a delay or
change in the 2007 standards, nine states adopted California’s program
for HDV engines: North Carolina, New Jersey, Maryland, Delaware,
Georgia, Maine, New York, Pennsylvania, and Connecticut (STAPPA/
ALAPCO 2005). States view California’s program as having a higher
certainty of delivering the HDV diesel emissions reductions that many
states have included in their SIP and air quality plans. Similar to the
adoption of the NTE testing, industry strongly opposes state adoption of
California’s 2007 standards (Clean Air Report 2004).

OFF-ROAD EQUIPMENT WITH
SMALL SPARK-IGNITION ENGINES

Off-road equipment with small spark-ignition (SI) engines includes
lawn mowers, lawn tractors, generator sets, pumps, augers, leaf blowers,
brush cutters, and string trimmers. The majority of small SI engines are
in lawn and garden equipment; others are in commercial-turf equipment,
golf-course related equipment, and handheld equipment such as chain
saws. For regulation purposes, small engines are defined by CARB and
EPA as engines rated below 19 kilowatts (kw), or 25 hp. Nonroad emis-
sions are an appreciable part of the anthropogenic emissions inventory in
the United States and, as discussed in Chapter 2, represent important
controllable emissions for states to meet the NAAQS.
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Federal Standards

The CAA amendments of 1990 designated for the first time that
EPA set emissions standards for nonroad mobile sources. As discussed in
Chapter 3, CAA section 209(e), also added in 1990, extended Califor-
nia’s authority to set their own standards to most nonroad sources, in-
cluding small SI engines. EPA first approved a waiver for California for
small-engine emissions standards in 1994. In legislation passed by Con-
gress in 2003, states other than California were explicitly preempted
from setting or adopting standards separate from EPA’s for small SI en-
gines (P.L. 108-199 Division G Section 428). (This law is sometimes
referred to as the Bond Amendment of 2003.) The Bond Amendment
effectively creates a new category of regulated mobile sources. Previ-
ously, mobile sources, such as locomotives, aircraft, and some agricul-
tural equipment, could have either one standard in all states or a second
standard in California and in any state that chose to adopt that standard
(CAA section 177). Small SI engines are now separate in how they may
be regulated: they may be subject to a second (California) standard but,
unlike other sources with California standards, the second standard may
not be adopted by other states under section 177 of the CAA.

EPA finalized their Phase I rule-making for most new small SI en-
gines on handheld and nonhandheld equipment in 1995 for model-year
1997. Phase I emissions standards were expected to reduce HC emissions
by 32% and CO emissions by 7% in 2020 when complete fleet turnover
was expected (60 Fed. Reg. 34582 [1995]). Phase I standards promoted
the conversion from two-stroke to four-stroke engine design.

In 1996, EPA signed two statement of principles (SOPs) with
manufactures to reduce emissions from handheld and nonhandheld small
SI engines (EPA 1996b,c). The SOPs, among other things, outlined tech-
nologies and laid the framework for achieving Phase II emissions stan-
dards that would further reduce HC and NO, emissions. EPA finalized
their Phase II rule-making for nonhandheld engines in 1999 and for
handheld engines in 2000 for exhaust emissions of HC and NO,. Phase II
standards for nonhandheld engines were predicted to reduce emissions of
HC and NOy by 59% by 2027 (EPA 1999c) and for handheld engines
were predicted to reduce emissions of HC and NO, by 70% by 2027
(EPA 2000d) nationwide. Phase II standards also included some efforts
to harmonize EPA and CARB’s certification procedures. The Phase 11
standards is expected to result primarily in engine redesign to reduce
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engine-out emissions and to increase durability, although after-treatment
(catalysts) was expected for some handheld equipment. Nonhandheld
engines were expected to switch from side-valve to cleaner over-head-
valve technology to comply. EPA is expected to introduce new national
standards for small engines in 2006 per the Bond Amendment. Table 7-3
summarizes EPA’s existing small-engine exhaust emissions standards.
The table shows emissions standards for various engine displacement
classes defined in the RIA for nonhandheld (EPA 1999c¢) and handheld
engines (EPA 2000d).

California Standards

CARB first adopted rules for small engines in 1990 that consisted
of exhaust emissions standards, test procedures, warranty provisions, and
compliance programs. The first Tier 1—standards became effective with
model-year 1995 engines. Later Tier 2 standards became effective with
model-year 2000 engines and included exhaust emissions standards for
HC and NO,, CO, and PM (two-stroke engines only). Although CARB
stopped separating engines into handheld and nonhandheld equipment,
engines less than 65 cubic centimeters (cc) were assumed to be used pri-
marily in handheld equipment and were allowed higher emissions than
engines greater than 65 cc. In 2004, CARB amended its small-engine
standards (known as Tier 3) by setting stricter emissions limits for HC
and NO, exhaust and by introducing evaporative emissions standards for
the first time for these engines. CARB harmonized with EPA’s HC and
NO, exhaust standard for engines less than 50 cc and expanded its
“small” handheld range to include engines less than 80 cc. CARB’s Tier
3 exhaust emissions limits for larger engines (more than 80 cc) are the
same as EPA’s for model-year 2005, but they become more stringent
than EPA’s in future model years and are then expected to require wide-
spread use of exhaust after-treatment in the form of low- to medium-
efficiency catalysts. Table 7-4 summarizes CARB’s existing small-
engine exhaust emissions standards.

CARB also adopted HC evaporative emissions standards for small
engines in 2004. The standards are aimed at reducing leaks in the fuel
storage and delivery systems, and the rules combine performance and
design standards. Performance standards apply to emissions from an en-
tire piece of equipment or vehicle. Certification for performance stan-
dards involves measuring evaporative emissions from equipment in an
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TABLE 7-4 Existing CARB Small-Engine Exhaust Emissions
Standards, Adopted in 2004 (also referred to as Tier 3)

Engine HC + NO,, g/kW-h CO, g/kW-h
Displacement 2005 2006 2007 2008+ 2005+

<50 cc 50 50 50 50 536

50-80 cc 72 72 72 72 5367

80-225 cc 16.1 16.1 10.0 10.0 549

>225 c¢ 12.1 12.1 12.1 8.0 549

“Slightly lower CO standard for vertical shaft engines in this category for model-
year 2005. Bold numbers show where the standards deviate significantly from
EPA Phase II.

Source: CARB 2004f.

enclosure. Design standards, in contrast, are defined as specifications (for
example, for permeability) of equipment components. Certification of
each component does not involve measuring emissions. Design standards
were adopted at manufacturers’ request so that the numerous small-
engine equipment makers could avoid the expense of measuring emis-
sions for certification. Manufacturers have the option to certify small
engines according to either design or performance standards for some
larger engines. The reader is referred to CARB’s rule-making web page
for the exact limits, which vary by engine displacement and model year
(CARB 2005g).

CARB’s Tier 3 exhaust and evaporative emissions standards were
met with opposition from some engine manufacturers, their trade organi-
zations, and other stakeholders. Three general concerns were raised. The
first was that compliance with two emissions standards in different areas
of the country would be particularly difficult in a nonintegrated industry
where engine manufacturers have little control over product distribution.
The second was that the costs of complying with regulations that require
catalyst after-treatment would be particularly burdensome for the small-
engine manufacturing industry because the costs of after-treatment de-
vices are high compared with the prices of some engines. The third was
that the use of heat-generating catalysts on equipment close to the opera-
tor and in close contact with grass and other flammable matter is an im-
portant fire hazard. The remainder of this case study focuses on the three
concerns listed above.
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FIGURE 7-4 Flow chart of small SI engine distribution process. Source:
Guerry 2004.

Distribution of Engines Certified to Different Emissions Standards

A major concern in meeting California’s emissions standards was
that distributing two separate products, a federal- and a California-
certified engine, is problematic because of the nature of the small-engine
equipment market. This market is largely nonintegrated and dominated
by hundreds of small manufacturers and component suppliers. Many en-
gine manufacturers sell engines to original equipment manufacturers
(OEM), who then produce and distribute equipment though multistep
national supply chains, as shown in Figure 7-4 (Guerry 2004). A more
detailed 1992 description of the industry can be found in the Appendix of
EPA’s Phase II RIA (EPA 2000d). Some companies are more integrated
than others because some manufacture both engines and original equip-
ment, such as riding lawn-tractors. Another difference is that some en-
gine and equipment makers sell products directly to retailers, and some
sell them to wholesalers and distributors who then sell to retailers (“two-
tier” distribution). The committee heard arguments that distributing a
new product to small geographic areas through a multistep national sup-
ply chain is difficult and expensive (Guerry 2004). A multistep distribu-
tion chain also increases the chances of federal-certified engines being
sold in California, raising compliance issues for industry. California’s
economic impact assessment when adopting a rule is focused on in-state
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businesses* and does not include an assessment of distribution and inven-
tory costs associated with compliance with a separate standard, either in
California or elsewhere. The committee did not come across any quanti-
tative analysis, regulatory or otherwise, of the impacts of a second Cali-
fornia standard on distribution of small-engine equipment. A qualitative
discussion of distribution costs under uniform versus multiple emissions-
standard scenarios is presented in Chapter 5; however, a detailed assess-
ment of product distribution for the small-engine and equipment industry
is beyond the scope of this study and the publicly available information.

Increased Manufacturing Costs for Small Spark-Ignition Engines

A second concern raised by manufacturers was the economic bur-
den imposed on the small-engine equipment industry by the additional
costs of emissions controls. Although catalysts were used in the past on
some small-engine handheld equipment, CARB’s Tier 3 regulations
seemed to necessitate use of after-treatment devices on many more en-
gines of varying size, horsepower, and price. Catalyst use had not been
widespread on nonhandheld equipment, because standards had been met
by reducing engine-out emissions alone. Furthermore, CARB’s evapora-
tive emissions standards would require more expensive, less permeable
parts. CARB estimated that the retail cost increase of adding a catalyst
and complying with Tier 3 evaporative standards on a Tier-2 nonhand-
held engine would be $37-$52 for engines 80 to 225 cc and $71-$179 for
engines more than 225 cc (CARB 2003d).” Some manufacturers and their
trade associations argued that these costs are large fractions of the retail
prices of small-engine equipment, and imposing those cost increases on
consumers would reduce demand for equipment (Guerry 2004). For ex-
ample, some equipment such as walk-behind lawnmowers may retail for
prices on the order of $100, only a fraction of which is the cost to manu-
facture the engine. The committee heard testimony from the Outdoor
Power Equipment Institute (OPEI) that CARB’s Tier 3 proposal was ex-
pected to increase the costs of certain lower-priced products by one-third
(Guerry 2004). Briggs and Stratton also testified that the average walk-

* California estimates engineering costs of compliance, but in this discussion
that is considered separate from economic impacts.

> These estimates were based on CARB’s initial proposed exhaust emissions
limits, which were later raised.
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behind mower could increase in price by 20% as a result of the standards
(Hanz and Hotz 2005).

Briggs and Stratton, whose manufacturing operations are located
outside California, stated that economic consequences of complying with
CARB’s Tier 3 regulations could force them to shift manufacturing off-
shore (Briggs and Stratton 2003). A contractor to Briggs and Stratton
reported that this relocation could result in the loss of up to 22,000 jobs
at parts suppliers and manufacturers in multiple states (NERA 2004).
These economic impacts were used in support of the Bond Amendment,
which restricted states’ ability to adopt California’s emissions standards
for small engines (Congressional Record S14469, Nov. 12, 2003). The
committee did not have any economic information or analysis in support
of Briggs and Stratton’s statements that widespread adoption of Califor-
nia standards would shift manufacturing offshore. As discussed in previ-
ous chapters, economic data for such an analysis is often considered con-
fidential and is guarded by companies. Because neither EPA nor CARB
assesses the national economic impacts of a second standard, the com-
mittee did not have sufficient information available to assess practices or
develop findings on the economic impacts of a second small-engine
emission standard on specific companies, the small-engine industry, or
the national economy.

Safety of Emissions-Control Equipment on
Small Spark-Ignition Engine Equipment

A third concern that received attention during CARB’s Tier 3 rule-
making was safety. Some manufacturers, trade associations, fire-safety
officials, and the Consumer Product Safety Commission (CPSC) raised
concerns about the use of heat-generating catalysts that could burn
equipment operators or ignite fires in dried vegetation or other flamma-
ble material. Forest and vegetation fire hazards were of particular con-
cern because of the potential use of catalysts on lawn and garden equip-
ment. Debris build up from grass clippings, leaves, and other vegetative
materials can become dry and combustible during equipment storage,
posing a danger when the equipment is next used. Some equipment
might include shielding devices or insulation to protect against high sur-
face temperatures; however, insulation can prolong cool-down time, re-
sulting in the equipment being at higher temperatures when placed in
storage. Refueling of heated equipment might also pose a fire risk, for
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example, fumes igniting from a small spark from carbon or from smol-
dering debris. CARB’s initially proposed evaporative regulations requir-
ing pressurized fuel tanks also raised concerns as a potential explosive
hazard.

The issue of burn and fire hazards from emissions-control equip-
ment was not a new concern. LDV and motorcycle manufacturers voiced
similar concerns when the widespread use of catalytic converters was
first promoted by emissions standards in the 1970s. In addition, catalytic
converters had been used on handheld equipment preceding EPA’s Phase
II standard for this equipment (EPA 2000d). EPA and CARB have given
consideration to safety in their rule-makings. EPA is required by the
CAA to “take into account safety factors associated with application of
emission control technologies to non-road engines and vehicles” (CAA
section 213(a)(4)). CARB is required to “determine the technological
feasibility of the adoption or amendment of the standard or regulation.
That determination shall include, but is not limited to, the availability;
effectiveness, reliability, and safety expected of the proposed technology
in an application that is representative of the proposed use” (California
Health and Safety Code section 43013(e)(2)).

Safety concerns associated with catalyst use were discussed qualita-
tively in the Phase II RIAs for handheld and nonhandheld small-engine
standards. EPA stated that low-efficiency catalysts had been in use on
some handheld products and met existing standards. To comply with new
emissions standards and meet Forest Service equipment temperature re-
quirements, EPA acknowledged the limitations of using high-efficiency
(high-temperature) catalysts and discussed how catalyst use would need
to be balanced with reductions in engine-out emissions. EPA (2000d)
concluded that “the engine and equipment manufacturer must carefully
consider the cooling and safety implications of catalyst installation and
reflect this in its design strategy for the engine and equipment.”

CARB addressed safety to some extent in its Tier 3 emissions stan-
dards. In a proof-of-concept study for CARB performed by Southwest
Research Institute (SWRI), catalysts were attached to stock engines and
equipment to demonstrate the ability to meet proposed emissions limits.
As part of this study, SWRI also measured temperatures of the muftlers
with and without catalysts for an estimate of how surface temperatures
change with the addition of a catalyst (see Figure 7-5). CARB (2003d)
suggested that a catalyst combined with a heat shield resulted in equip-
ment surface temperatures in the range of those measured near muftlers
from existing noncatalyzed engines (see Figure 7-5). CARB’s staff paper
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FIGURE 7-5 Results of research at Southwest Research Institute under con-
tract to CARB to test surface-temperature effects of adding catalysts to small SI
engines. a, at 250 hr; b, at 125 hr. Abbreviation: B&S, Briggs and Stratton.
Source: CARB 2004g.

includes a discussion of manufacturers concerns and points out that heat
shields and other insulating material were being used by many manufac-
turers to reduce temperature around mufflers. Manufacturers, however,
critiqued SWRI methods in comments submitted to CARB, raising con-
cerns that they did not measure the areas of highest temperatures, which
were observed by manufacturers to reach up to 1100°F in some muffler
locations without the use of a heat shield (CARB 2004g). In response to
some early manufacturer safety concerns, CARB relaxed its proposed
standards, thus reducing the required catalyst efficiency and resulting in
lower exhaust and equipment temperatures (CARB 2004g). With respect
to practical catalyst use, CARB states that “much of the effort needed to
make the catalyst system operate on equipment is the responsibility of
product engineers working for either the engine or equipment manufac-
turers” (CARB 2004g).

Manufacturers remained concerned about safety after CARB’s
regulations were adopted, and voiced concerns to this committee on the
issue (Guerry 2004). Furthermore, the National Association of State Fire
Marshals (NASFM), the California Fire Chiefs Association (CFCA), and
the CPSC also expressed concerns to CARB of the potential burn and
fire hazard associated with their proposed and final regulations (inferred
from comments in CARB 2004g). The CFCA and NASFM later sent
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letters to members of Congress and EPA voicing their concern that
CARB had moved forward with catalyst-forcing standards while ignor-
ing safety concerns (Congressional Record S14469, Nov. 12, 2003).
CARB agreed to participate in a pre-implementation cooperative safety
study with manufacturers and fire officials, although its regulations re-
mained unchanged. Congress later passed the Bond Amendment, which
specifically charged EPA to “give appropriate consideration to safety
factors (including the potential increased risk of burn and fire) associated
with compliance with the California standards” when considering a
waiver request from California for small SI engine standards (P.L. 108-
199 Division G Section 428). Furthermore, Congress passed legislation
in 2005 requiring EPA to perform a technical study on safety issues be-
fore EPA proposes new small-engine emissions standards (P.L. 109-54
Title II Section 205). The results of the CARB/manufacturer study and
the EPA study were not available to the committee before finalizing this
report. Although the focus of the safety discussion for small SI engines
was on fire and burn hazards, the committee notes that stricter emissions
standards reduce inhalation exposure of hazardous fumes for operators of
small SI engine equipment. (Inhalation exposure is discussed, for exam-
ple, in CARB [2000¢] and Dost [2003].) It might be appropriate to con-
sider reduced inhalation exposure in combination with the increased burn
and fire hazard when considering safety of small-engine equipment.

VOLUNTARY PROGRAMS
Incentive Programs

A number of NAAQS nonattainment areas faced with the need to
reduce emissions dramatically have used voluntary programs or pro-
grams that provide financial incentives for reducing emissions from fed-
erally preempted sources. These programs are important in that they pro-
vide an alternative to the development of state emissions standards.
Because the programs typically track what types of sources are being
reduced and the cost-effectiveness of emissions reductions, they provide
an opportunity to compare the costs of emissions controls for preempted
sources with the costs of controls on non-preempted sources. Many of
the voluntary or incentive-based programs that have been or are being
implemented at the federal, state, and local levels in the United States
focus on either on-road HDV diesel-engine fleets or nonroad equipment.
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These programs include the following:

Federal Programs
— U.S. Department of Transportation (DOT) Transportation
Equity Act for the Twenty-First Century (TEA-21)

* Congestion Mitigation and Air Quality Improvement

Program (CMAQ)

— U.S. Department of Energy (DOE) Energy Policy Act of 1992
(EPAct)

= State and Alternative Fuel Provider Program

= Federal Fleet Program

»  Private and Local Government Fleet Program

= Alternative Fuel Petition Program

= (lean Cities Program
— EPA Office of Air and Radiation Programs

*  Voluntary Diesel Retrofit Program

= (Clean School Bus USA
California Programs
— California Air Resources Board

* Diesel Risk Reduction Plan

= Carl Moyer Program
— California Department of Transportation (Caltrans) Greening
the Fleet Program
— South Coast Air Quality Management District’s Mobile
Source Air Pollution Reduction Review Committee Funding
Program
— Sacramento Emergency Clean Air and Transportation Program
— San Joaquin Valley Emergency Clean Air Attainment Program
— Gateway Cities Clean Air Program
— Port of Los Angeles and Port of Oakland Clean Air Programs
— Bay Area Air Quality Management District’s Transportation
Fund for Clean Air Program
Programs in Other States
— Texas Commission on Environmental Quality’s Texas Emis-
sions Reduction Plan
— Houston-Galveston Area Council Clean Cities/Clean Vehicles
Program
— New York State Department of Environment Conservation’s
Clean Water/Clean Air Bond Act Program
— Puget Sound Clean Air Agency’s Diesel Solutions Program
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Two of the largest incentive-based programs are the California Carl
Moyer Program and the Texas Emission Reduction Program.

Carl Moyer Program

The State of California implements a voluntary incentive-based
program called the Carl Moyer Program, which provides grant funds for
the incremental cost of reducing emissions of NOy from federally pre-
empted sources. The incentives are available for on-road and off-road
sources, including heavy-duty trucks, marine engines, locomotive en-
gines, stationary agricultural pump engines, forklifts, airport ground-
support equipment, and auxiliary power units. The Carl Moyer Program
is administrated by CARB, and approximately $150 million in grants
were made between 1998 and 2002. Funds are provided by the state and
by local air quality management districts. Recent legislation has ex-
panded funding for the program to an anticipated $140 million per year.
Both private companies and public agencies operating HDV engines in
California are eligible to apply for the grants. CARB is currently revising
the guidelines to address PM as well as HC emissions reductions.

Participation in the Carl Moyer Program is summarized in Table 7-
5, and the types of projects funded are shown in Table 7-6. The data in
Tables 7-5 and 7-6 reveal a number of key features of the Carl Moyer
Program. First, the estimated cost-effectiveness of the emission reduc-
tions is generally well below the cost of many of the control measures
implemented in California. CARB cost-effectiveness estimates of pro-
posed SIP measures average approximately $8,300 per ton of NOj re-
duced, the range being $1,000-$22,000 per ton of NOy reduced (CARB
2004h). Second, the emission reductions achieved through the program
(4-16 tons per day of NO, statewide) are a small fraction of the emission
inventory and the required emission reductions. Total NO, emission in
the South Coast Air Quality Management District in 1997, for example,
was estimated to be 1,024 tons per day (annual average day) (SCAQMD
2003). Finally, the program has grown because of its ability to continue
to provide relatively low-cost emission reductions.

Texas Emissions Reduction Plan

The Texas Emissions Reduction Plan (TERP) was established in
fiscal year (FY) 2002 by the Texas state legislature. The goal of TERP is
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to reduce emissions of NOy from federally preempted sources in the non-
attainment and near-nonattainment areas of Texas through voluntary in-
centive programs. TERP was initially funded at a level of approximately
$20 million per year, and that funding has been increased to a level of
approximately $130 million per fiscal year in 2004 and 2005. The current
level of funding is projected to continue through 2008. The Texas Com-
mission on Environmental Quality (TCEQ) administers TERP grants and
other TERP financial incentives.

TERP provides funding for cleaner on- and off-road engines, en-
ergy efficiency programs, cleaner fuel and other infrastructure programs,
and research and development of new technologies. Emission reductions
to be achieved through TERP have been incorporated into the ozone SIPs
for the Houston-Galveston-Brazoria area (HGB) and the Dallas-Fort
Worth area (DFW). Tables 7-7 and 7-8 summarize data on TERP-funded
projects for FYs 2002, 2003, and part of 2004 in the HGB and DFW ar-
eas. To put the numbers in Table 7-8 in context, the 2007 NO, SIP
budget for HGB is approximately 525 tons per day, 33 tons per day of
which are TERP projects. Total NO, emissions in the HGB area in 1996
were projected to be approximately 1250 tons per day.

Comparison of Tables 7-4 through 7-8 reveals many similarities be-
tween the TERP and Carl Moyer programs. In both states, the estimated
cost-effectiveness of the emissions reductions is generally below the cost
of many of the control measures that are implemented in the states. Sec-
ond, the emissions reductions achieved through the program are a small
fraction of the emissions inventory and the required emissions reduc-
tions. In TERP, specific goals were set for emissions reductions in the
DFW and HGB areas. Although substantial resources have been ex-
pended on the program, and the program provides cost-effective emis-
sions reductions, the HGB and DFW areas still have a shortfall of needed
emission reductions, as shown in Figure 7-6 for HGB. (A similar short-
fall is found in Dallas-Fort Worth.)

CONCLUSIONS

As discussed in Chapter 2, mobile sources other than LDVs are
important contributors to emissions inventories. EPA’s and CARB’s
regulations for these other mobile sources raised a variety of issues, as
discussed in Chapter 7. The chapter also described incentive-based mobile-
source emissions reductions programs an alternative to emissions stan-
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TABLE 7-7 Summary of TERP-Funded and -Recommended Projects to
Date in the HGB and DFW Areas (as of November 2, 2004)

HGB DFW HGB and DFW
NO, Emission Reduction (tons per day)
FY 02 0.16 1.17 1.33
FY 03 0.62 0.33 0.95
FY 04 4.73 2.97 7.71
Total to Date 5.51 4.47 9.98
2007 SIP Goal 32.9 16.3 49.2
TERP Funding (8 in millions)
FY 02 3.0 8.8 11.9
FY 03 12.8 1.7 14.5
FY 04 44.6 23.2 67.8
Total to Date 60.4 33.7 94.2
TERP Projects
FY 02 24 11 35
FY 03 21 11 32
FY 04 76 97 173
Total to Date 121 119 240
TERP Average Cost-Effectiveness (§ per ton)
FY 02 10,005 4,367 5,101
FY 03 8,104 3,009 6,792
FY 04 6,218 5,210 5,832
Average to Date 6,675 4,795 5,853

Source: Chan et al. 2005. Reprinted with permission; copyright 2005, ENVIRON.

dards. The following conclusions are drawn from the case studies pre-
sented in this chapter:

e  The biennial reviews of the 2007 HDV rule are similar to the
biennial reviews of the zero-emission-vehicle mandate discussed in
Chapter 6. These reviews of technological progress are beneficial to
stakeholders and the public.

e  Some states have indicated that they consider the adoption of
California’s 2007 HDV standards, which are nearly identical to EPA’s,
to be a safety net in case EPA delays federal standards.

e  Small-engine emissions control poses special challenges to the
design, production, and distribution of small-engine equipment. CARB
has shown some flexibility in setting emissions standards for small en-
gines to deal with some of the difficulties inherent in the nonintegrate
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FIGURE 7-6 TERP NO, emission reductions to date versus the 2007 SIP
TERP goal in the HGB area. Source: Chan et al. 2005. Reprinted with permis-
sion; copyright 2005, ENVIRON.

industry. Manufacturers and fire safety officials have raised safety con-
cerns about widespread use of heat-generating catalysts on lawn and gar-
den equipment. Safety studies beyond normal EPA and CARB practices
are ongoing; the committee did not have enough information to assess
safety concerns fully.

e  As aresult of a 2003 law passed by Congress, small SI en-
gines form a new regulatory category different from other mobile
sources. California may set a second standard for those sources; how-
ever, the California standard for small SI engines is the only California
standard that other states may not adopt under CAA section 177.

e Some states have devised nonregulatory, incentive-based
emissions-control programs for mobile sources. These programs to date
have provided emissions control from mobile sources that would not
otherwise have been provided by regulation.
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Recommendations

The committee’s recommendations are summarized below by topic.
Preceding each set of recommendations is a brief summation of the im-
portant findings and conclusions leading to the recommendations. Chap-
ter numbers are listed to show where information can be found that sup-
ports the committee’s conclusions.

CALIFORNIA’S ROLE IN
MOBILE-SOURCE EMISSIONS REGULATION

The original reasons for which Congress authorized California to
have a separate set of standards remain valid. California’s authority to set
its own mobile-source emissions standards inevitably imposes additional
risks and costs, such as design, production, and distribution costs, though
the costs and benefits are difficult to quantify. However, experience to
date indicates that the California program has been beneficial overall for
air quality by improving mobile-source emissions control (Chapters 2, 3,
6 and 7).

Recommendation

California should continue its pioneering role in setting mobile-
source emissions standards. The role will aid the state’s efforts to achieve
air quality goals and will allow it to continue to be a proving ground for

264
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new emissions-control technologies that benefit California and the rest of
the nation.

EPA AND CARB TECHNICAL AND SCIENTIFIC
PRACTICES IN SETTING STANDARDS

CARB and EPA have essentially the same starting point and moti-
vation for setting new or stricter standards: attainment of the National
Ambient Air Quality Standards (NAAQS). Each agency follows a series
of procedural steps leading to a finalized regulation. These steps include
identification of the need for new emissions standards, evaluation of po-
tential control strategies, publication of proposed regulations, and solici-
tation of public comments on proposals before promulgating the regula-
tions (Chapters 6 and 7). Some differences exist in the scope of CARB
and EPA regulatory assessments as a result of the different procedures
that the agencies must follow (Chapters 3, 6 and 7).

Recommendations

Consistent with a 2000 NRC report on modeling mobile-source
emissions, CARB and EPA should work in tandem to improve mobile-
source emissions models. In particular, consistent with this earlier NRC
report, CARB and EPA should complete long-range plans that address
improvements or new approaches to mobile-source emissions models.
Such plans will improve estimations of emissions reductions. The esti-
mations are a major part of assessing the impacts of emissions standards.
The committee also recommends that CARB and EPA include, to the
extent possible, air quality impact assessments as part of each rule-
making, because the effect of reducing mobile-source emissions on am-
bient pollutant concentrations will vary from region to region.

Although the committee did not have sufficient information to
evaluate the safety issues associated with past regulations, it recommends
that safety issues continue to be given careful consideration by EPA and
CARB when setting mobile-source emissions standards.

Given that CARB and EPA emissions standards tend to require new
technological developments, the committee also recommends that peri-
odic assessments of technological feasibility be continued by the agen-
cies for some of the more important standards. Examples of such stan-
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dards include CARB’s biennial review of the zero-emission-vehicle
mandate and EPA’s biennial review of on-road diesel-engine standards.
Periodic assessments will allow the standards to be based on the most
current understanding of the science and technology.

THE WAIVER PROCESS

The waiver review process usually takes several years to complete,
and waivers are often granted shortly before the vehicles and engines that
meet the standards are in the market. In some cases, waivers have been
approved after vehicles and engines that meet the standards are already
in the market. Although many California waiver requests are relatively
straightforward and uncontroversial, EPA must nevertheless provide the
opportunity for full public participation and subsequent technical analy-
ses. This time-consuming process creates uncertainty for California,
other states considering adopting those California standards, and manu-
facturers (Chapter 3).

Recommendations

California, other states, and manufacturers all have a strong interest
in obtaining EPA waiver decisions well before the applicable standards
take effect. The committee recommends establishment of a two-track
system for waiver requests. Many California waiver requests have not
been controversial, and EPA has not received any significant comments.
EPA could expedite waiver requests that it considers noncontroversial,
approving the waiver with a minimal analysis in a direct final decision
without a full notice-and-comment process. The final decision would be
published in the Federal Register, and if any interested party raised a
substantive objection to the decision, it would be withdrawn and sub-
jected to the full waiver process. This expedited process would allow
EPA to process quickly and efficiently those waiver requests that are
noncontroversial, freeing up resources to focus on those that require
more time and discussion.

The committee also recommends consideration of a mandatory time
limit for EPA to review and issue a waiver decision for controversial
waiver requests. The time limit could be based on existing timetables for
the EPA waiver process. California is required to provide adequate lead
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time between adoption of state regulations and their implementation:
usually at least 2 years for on-road sources and at least 2 years for non-
road sources. A time limit of 2 years or less for EPA review would place
the review process between the adoption of the standards by California
and the time that the standards take effect. Given the importance of the
EPA waiver review and the need to conclude such reviews more quickly,
EPA should ensure that sufficient resources are devoted to the waiver
review process so that the quality of the review is not sacrificed to com-
ply with new time limits.

ADOPTION OF CALIFORNIA EMISSION
STANDARDS BY OTHER STATES

Manufacturers of mobile sources have raised objections to the
adoption of California standards by other states. Up to this point, adopt-
ing states and manufacturers have resorted to the courts to resolve their
technical and legal disputes when direct negotiations have failed. Al-
though EPA is an appropriate entity to comment on some of these dis-
putes, it has no authority over states’ adoption decisions (Chapter 6).

Recommendations

The process by which a state adopts California emissions standards
should be improved to aid in the resolution of the legal and technical dis-
putes that often arise. As the agency that has the overall authority for
implementing the CAA, including the mobile-source provisions, EPA
should consistently participate in the process of the adoption of Califor-
nia standards by another state. EPA’s current role in the state adoption
process includes the authority to approve or disapprove the state SIP
claims for emissions benefits from California emissions standards. The
committee discussed additional roles for EPA to improve the state adop-
tion process and considered two possible alternatives.

1. Each time a state intends to adopt a California emission standard,
EPA would provide formal guidance to aid the state’s adoption decision.
EPA would determine whether any new issues have arisen that were not
considered in the California waiver for the same standard (for example,
issues related to technological feasibility, lead time, identicality, and
cost) and whether these issues provide cause for states to reject the stan-
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dard. EPA would further determine whether the state action is consistent
with the requirements specified in section 177 of the CAA. EPA’s de-
terminations would be developed with the aim of deterring litigation over
potential disputes. However, EPA’s determinations would not be bind-
ing, and states would retain their ability to adopt California standards at
their discretion.

2. EPA is given the authority to review and, under limited circum-
stances, deny a state adoption decision using a truncated waiver determi-
nation process. In its review, EPA would consider whether the state’s
adoption of the California standard raises any issues not considered in
the original California waiver and whether the state action is consistent
with section 177 of the CAA. In this scenario, it is important that EPA’s
waiver determination not delay or otherwise impede adoption of a Cali-
fornia standard. EPA would be required to approve automatically any
state’s adoption request that had not been denied after 18 months of
submittal. It is also important that EPA give the same deference to sec-
tion 177 state findings as it does to California’s findings when making a
waiver determination. Under this alternative, EPA’s determinations
would be binding in the same manner as EPA’s determination of a Cali-
fornia waiver application.

The committee also discussed whether EPA’s review under alterna-
tive 2 should include an assessment of the necessity or usefulness of the
adoption for states to attain their air quality goals. Such an assessment
would have to balance the benefits of additional emissions reductions,
increased flexibility for states to develop air quality management plans,
and wider distribution of new technologies against the costs to industry
and consumers.

What role EPA is to have in the state adoption process is a policy
decision that goes beyond scientific and technical considerations. The
committee disagreed as to which of the two approaches described above
would be most effective. However, even if there is no change in the
adoption process, non-California states should continue their efforts to
work with manufacturers to minimize compliance burdens. As an exam-
ple, the committee encourages northeastern states that have adopted Cali-
fornia light-duty-vehicle emissions standards to implement a regionwide
fleet-average emission standard rather than having each state meet a
separate fleet-average standard.
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SMALL-ENGINE EMISSIONS STANDARDS

Compared with light-duty vehicle emissions control, small-engine
emissions control poses special design, production, and distribution chal-
lenges (Chapters 5 and 7). CARB has demonstrated some flexibility in
setting emissions standards for small engines to deal with some of the
difficulties inherent in the non-integrated industry (Chapter 7).

Recommendations

California should continue its pioneering role when setting emis-
sions standards for small engines to aid its efforts to improve air quality
and be a proving ground for new emissions-control technologies. The
committee encourages CARB to use the flexibility it has shown in revis-
ing standards based on new scientific and technical information for regu-
lating small engines. The committee also recommends that the suggested
alternatives for improving the state adoption process be used if a decision
is made in the future to allow states to adopt California small-engine
standards.

COST ANALYSES

One element of relying on technology-forcing regulations and, in
California’s case, of serving as a laboratory for mobile-source emissions-
control technologies is the considerable uncertainty in estimating the cost
of complying with emissions standards. In addition, the committee finds
that it is difficult to determine what parties bear what fraction of the costs
of emissions standards (Chapters 5, 6 and 7).

Recommendations

To address the uncertainty inherent in prospectively estimating
costs to comply with mobile-source emissions standards, the committee
recommends that agencies and stakeholders attempt to improve commu-
nication about the uncertainty by providing a range of costs rather than a
single point estimate, especially for new technologies. In addition, be-
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cause costs are such an important element for understanding the impacts
of state emissions standards, the committee finds a need for a compre-
hensive study of the costs of state standards. This study should include
the difference in costs for the states that adopt California standards com-
pared with costs for California, the distribution of those costs, and their
cost-effectiveness. Costs should be viewed broadly and include the costs
to manufacturers and distributors to develop and distribute products cer-
tified under two emissions standards and the costs to states to implement,
enforce, and maintain the program.

HARMONIZATION OF STANDARDS AND PROCEDURES

Recognizing the needs of some states to adopt more stringent mo-
bile-source emissions standards to help meet air quality goals, a desirable
objective is harmonization of CARB’s and EPA’s certification proce-
dures. Although harmonization is a worthy pursuit when the interests of
the federal government and the states coincide, there are areas where
their priorities diverge (Chapters 5 and 6).

Recommendations

Regulators should make a determined effort to harmonize the pro-
cedures for testing and certification and look for opportunities to harmo-
nize the emissions standards. Domestically, CARB and EPA should con-
duct a biennial assessment, either through a written report or public
meeting, of where emissions testing and certification procedures can be
harmonized and what emissions standards can be harmonized. The com-
mittee recognizes that EPA is leading the U.S. participation in interna-
tional efforts to harmonize emissions standards and testing procedures.
EPA should continue these efforts and encourage international participa-
tion in the biennial harmonization assessments. The committee recog-
nizes that many countries will lag in the adoption of mobile-source emis-
sions standards; therefore, global efforts to harmonize may need to focus
initially on emissions testing and certification procedures.
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Acid Deposition — A comprehensive term for the various ways acidic
compounds precipitate from the atmosphere and deposit onto surfaces. It
can include: (1) wet deposition by means of acid rain, fog, and snow; and
(2) dry deposition of acidic particles (aerosols).

Acute Exposure — One or a series of short-term exposures generally
lasting less than 24 hours.

Acute Health Effect — A health effect that occurs over a relatively short
period of time (e.g., minutes or hours). The term is used to describe brief
exposures and effects that appear promptly after exposure.

Advanced Technology Partial Zero Emission Vehicle (AT-PZEV) —
A vehicle that meets the PZEV emissions and warranty standards and,
additionally, makes use of ZEV-enabling clean technology such as alter-
native fuels, electric drive, or other advanced technology systems

Adverse Health Effect — A health effect from exposure to air contami-
nants that may range from relatively mild temporary conditions, such as
eye or throat irritation, shortness of breath, or headaches to permanent
and serious conditions, such as birth defects, cancer or damage to lungs,
nerves, liver, heart, or other organs.

After-Treatment Devices — Devices which remove pollutants from ex-

haust gases after the gas leaves combustion chamber (e.g., catalytic con-
verters or diesel particulate filters). The term “exhaust gas aftertreat-
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ment” is considered derogatory by some in the emission control industry,
but there is no consensus on the use of such alternatives as “post-
combustion treatment” or “exhaust emission control.”

Air-to-Fuel Ratio — The ratio, by weight, of air to gasoline entering the
intake in a gasoline engine. The ideal (stoichiometric) ratio for complete
combustion is approximately 14.7 parts of air to 1 part of fuel, depending
on the composition of the specific fuel.

Air Quality Management Districts (AQMDs) — Administrative dis-
tricts organized in California responsible for managing air quality on a
regional or county basis. California is currently divided into
35 air districts.

Air-Quality Model — A computer-based mathematical model used to
predict air quality based upon emissions and the effects of the transport,
dispersion, and transformation of compounds emitted into the air.

Air Toxics — Air toxics refers to a host of carcinogens, respiratory toxi-
cants, neurotoxicants, and other harmful atmospheric pollutants not in-
cluded as criteria air pollutants. The Clean Air Act Amendments of 1990
listed 189 of these air toxics as hazardous air pollutants (HAPs) for fu-
ture regulation. Also known as hazardous air pollutants

Alternative Fuel Vehicle (AFV) — Any dedicated, flexible-fuel, or dual-
fuel vehicle designed to operate on at least one alternative fuel such as
compressed natural gas.

Ambient Air — The air outside of structures. Often used interchangeably
with “outdoor air.”

California Air Resources Board (CARB) — The lead air quality man-
agement agency in California consisting of an eleven-member board ap-
pointed by the governor. CARB is responsible for attainment and main-
tenance of the state and federal air quality standards, and is fully respon-
sible for motor vehicle pollution control in the state. It oversees county
and regional air pollution management programs.

Carbon Monoxide (CO) — A colorless, odorless, tasteless, and toxic gas
that results from the incomplete combustion of fuels containing carbon.
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Carboxyhemoglobin (COHb) — A molecule formed when CO reacts
with hemoglobin, the intracellular protein that transports oxygen in the
blood. The presence of carboxyhemoglobin increases hemoglobin’s af-
finity for oxygen, thereby reducing the transport of oxygen from the
blood to the body’s tissues.

Carcinogen — A cancer-causing substance.

Carl Moyer Fund — A multimillion dollar incentive grant program in
California designed to encourage reduction of emissions from heavy-
duty engines. The grants cover the additional cost of cleaner technologies
for on-road, off-road, marine, locomotive and agricultural pump engines,
as well as forklifts and airport ground support equipment.

Catalytic Converter — A mobile source emissions control device de-
signed to reduce emissions of nitrogen oxides, hydrocarbons, and carbon
monoxide. (See also “Two-Way Catalytic Converter” and “Three-Way
Catalytic Converter”.)

Chronic Exposure — Long-term exposure, usually lasting one year to a
lifetime.

Chronic Health Effect — A health effect that occurs over a relatively
long period of time (e.g., months or years). (See also “Acute Health Ef-
fect”.)

Clean Air Act (CAA) — The original Clean Air Act in the US was
passed in 1963, but the national air pollution control program is based on
the 1970 version of the law. The 1990 Clean Air Act Amendments
(CAAA90) are the most recent revisions of the law.

Closed Loop Fuel Control — A fuel metering system that uses real time
feedback on combustion conditions for more effective emissions control.
The closed loop fuel metering system of a contemporary vehicle uses
sensors in the exhaust to evaluate the mixture exiting the engine and the
catalyst to make adjustments to the air/fuel ratio through the use of an
on-board computer that optimizes emissions performance.

Cold Start Emissions — Tailpipe emissions that occur before a vehicle is
fully warmed-up. Vehicle emissions are higher during initial operations
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because the engine and catalytic converter must come to operating tem-
perature before the emissions control system become effective. The time
to catalyst “light off,” when the catalyst is fully operational, is dependent
on ambient temperature and vehicle technologies.

Compressed Natural Gas (CNG) — Natural gas compressed to a volume
and density that is practical as a portable fuel supply.

Compression Ignition (CI) — A form of ignition that initiates fuel com-
bustion in a diesel engine. The rapid compression of air within the cylin-
ders generates the heat required to ignite the fuel as it is injected.

Criteria Air Pollutants — An air pollutant for which acceptable levels of
exposure can be determined and for which National Ambient Air Quality
Standards have been set. There are six common air pollutants (carbon
monoxide, lead, nitrogen dioxide, ozone, particulate matter, and sulfur
dioxide) that have been designated as criteria pollutants. The Clean Air
Act states that the presence of criteria pollutants “in the ambient air re-
sults from numerous or diverse mobile or stationary sources. The term
“criteria air pollutants” derives from the requirement that EPA must de-
scribe the characteristics and potential health and welfare effects of these
pollutants. EPA periodically reviews new scientific data and may pro-
pose revisions to the standards as a result.

Diesel Oxidation Catalyst (DOC) — Catalyst promoting oxidation proc-
esses in diesel exhaust. Usually designed to reduce emissions of the or-
ganic fraction of diesel particulates, gas-phase hydrocarbons, and carbon
monoxide.

Diesel Particulate Filter (DPF) — A device which physically captures
diesel particulates preventing their discharge from the tailpipe. Collected
particulates need to be removed from the filter, usually by continuous or
periodic oxidation in a process called “regeneration.”

Diesel Particulate Matter (DPM) — Sub-micron size particles found in
diesel exhaust. Most emission regulations specify DPM measurement
methods in which particulates are sampled on filters from cooled exhaust
gas. The cooling causes condensation of vapors in the gas sampling train.
Thus, the DPM is composed of both solid and liquid particles and is gen-
erally classified into three fractions: (1) inorganic carbon (soot), (2) or-
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ganic fraction (often referred to as SOF or VOF), and (3) sulfate fraction
(hydrated sulfuric acid).

Direct Injection — With direct injection in diesel engines, the combus-
tion chamber is not divided and fuel is injected directly to the cylinder.

Design Standard — A technology-based standard that requires emitters
to use a specifies technology to control emissions of a pollutant. These
can also be called engineering standards.

Design Value — The monitored reading used by EPA to determine an
area’s air quality status; e.g., for the 1-hr ozone standard, the fourth high-
est reading measured over the most recent three years is the design value.

Dose — The amount of a contaminant that is absorbed or deposited in the
body of an exposed person for an interval of time--usually from a single
medium. Total dose is the sum of doses received by interactions with all
environmental media that contain the contaminant. Units (mass) of dose
and total dose are often converted to units of mass or contaminant per
volume of physiological fluid or mass of tissue.

Dynamometer — A treadmill-like machine that allows cars to be tested
under the loads typical of on-road driving.

Electronic Control Module (ECM) — A microprocessor that determines
the beginning and end of each injection cycle on every cylinder. The
ECM determines both fuel metering and injection timing in response to
such parameters as engine crankshaft position and rpm, engine coolant
and intake air temperature, and absolute intake air boost pressure.

Elemental Carbon (EC) — Inorganic carbon, as opposed to carbon in
organic compounds, sometimes used as a surrogate measure for diesel
particulate matter, especially in occupational health environments. Ele-
mental carbon usually accounts for 40-60% of the total DPM mass.

Emissions Budget — Allowable emissions levels identified as part of a
state implementation plan for pollutants emitted from mobile, industrial,
stationary, and area sources. These emissions levels are used for meeting
emission reduction milestones, attainment, or maintenance demonstrations.
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Emissions Factor — For mobile sources, the emission factor is the rela-
tionship between the amount of pollution produced and the number
of vehicle miles traveled. For stationary sources, the relationship be-
tween the amount of pollution produced and the amount of raw material
processed or burned. By using the emission factor of a pollutant and spe-
cific data regarding activities (quantities of materials used by a given
source or number of miles traveled), itis possible to compute emis-
sions for the source.

Emissions Inventory — An estimate of the amount of a pollutant emitted
into the atmosphere from major mobile, stationary, area-wide, and natu-
ral sources over a specific period of time such as a day or a year.

Emission Rate — The weight of a pollutant emitted per unit of time (e.g.,
tons / year).

Environmental Protection Agency (EPA) — The federal governmental
agency that establishes regulations and oversees the enforcement of laws
related to the environment.

Ethanol — Ethyl-alcohol, a volatile alcohol containing two carbon atoms
(CH5CH,OH). For fuel use, ethanol is produced by fermentation of corn
or other plant products.

Evaporative emissions — Hydrocarbon emissions that do not come from
the tailpipe of a car, but come from evaporation, permeation, seepage,
and leaks in a car’s fueling system. The term is sometimes used inter-
changeably with non-tailpipe emissions.

Ex Ante — Analysis of the effects of a policy based only on information
available before the policy is undertaken. Also termed prospective analysis.

Ex Post — Analysis of the effects of a policy based on information avail-
able after the policy has been implemented and its performance ob-
served. Also termed retrospective analysis.

Exceedance — An air pollution event in which the ambient concentration

of a pollutant exceeds a National Ambient Air Quality Standard
(NAAQS).
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Exposure — An event that occurs when there is contact at a boundary
between a human and an environmental contaminant of a specific con-
centration for an interval of time; the units of exposure are concentration
multiplied by time.

Four-Stroke Engines — A type of internal combustion piston engines
where the engine cycle is completed after four strokes (up or down) of
the piston, which distinguishes it from the two-stroke engine. In a typical
four stroke engine, the air/mixture intake occurs on the downward stroke
of piston, followed by compression on upward stroke. The compressed
mixture is ignited, which drives the piston down on its third stroke. Fi-
nally exhaust gases are exited on the upward fourth stroke.

Federal Implementation Plan (FIP) — A plan prepared by the EPA in
the absence of an approved state implementation plan that provides

measures a nonattainment area must take to meet the requirements of the
Federal Clean Air Act.

Federal Test Procedure (FTP) — A certification test for measuring the
tailpipe and evaporative emissions from new vehicles over the Urban
Dynamometer Driving Schedule, which attempts to simulate an urban
driving cycle.

Greenhouse Gas — Atmospheric gases such as carbon dioxide, methane,
chlorofluorocarbons, nitrous oxide, ozone, and water vapor that slow the
passage of re-radiated heat through the Earth’s atmosphere.

Gross Vehicle Weight Rating (GVWR) — The value specified by the
manufacturer as the maximum design loaded weight of a single vehicle

(i.e., vehicle weight plus rated cargo capacity).

Hazardous Air Pollutants (HAPs) — Air toxics listed under section
112(b) of the CAAA90.

Heavy-Duty Diesel Vehicle (HDDV) — An HDV using diesel fuel.
Heavy-Duty Vehicle (HDV) — Any motor vehicle rated at more than

8,500 pounds GVWR or that has a vehicle curb weight of more than
6,000 pounds or a frontal area in excess of 45 square feet. This excludes
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vehicles that will be classified as medium-duty passenger vehicles for the
purposes of the Tier 2 emissions standards.

Hybrid Electric Vehicle (HEV) —Various types of electric vehicles that
use another power source to propel the vehicle or generate power for an
electric drive train, or a combination of the two types.

Hydrocarbons (HC) — Organic compounds containing hydrogen and
carbon. (See also Appendix B.)

Inspection and Maintenance (I/M) — State emissions testing programs
that attempt to identify vehicles with higher than allowable emissions or
that have malfunctioning emissions control equipment and ensure that
such vehicles are repaired or removed from the fleet

Light-Duty Vehicle (LDV) — A passenger car or passenger car deriva-
tive capable of seating 12 or fewer passengers. All vehicles and trucks
under 8,500 GVWR are included (this limit previously was 6,000
pounds). Small pick-up trucks, vans, and sport utility vehicles may also
be included.

Low-Emission Vehicle (LEV) — A vehicle that meets CARB’s LEV I or
LEV 1II standards or EPA’s Clean Fuel Vehicle standards.

Low-Emission-Vehicle (LEV) Standards — Vehicles that meet the
CARB low-emission-vehicle standards adopted in 1990 and covering
1994 through 2003 model year vehicles. The LEV standards for light
duty vehicles include four categories: transitional low emissions vehicles
(TLEV), LEV I vehicles, ultra low emissions (ULEV) vehicles, and zero
emissions (ZEV) vehicles.

Low-Emission-Vehicle II (LEV II) Standards — Vehicles that meet the
amended CARB low-emission-vehicle standards, known as LEV II stan-
dards, adopted in 1998 and covering 2004 and subsequent model years.
The LEV II standards for light-duty vehicles include six categories: LEV
IT vehicles, ultra-low-emission (ULEV) vehicles, super ultra-low-
emission (SULEV) vehicles, partial zero-emission (PZEV) vehicles, ad-
vanced-technology partial zero-emission (AT-PZEV) vehicles, and zero-
emission (ZEV) vehicles.
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Malfunction Indicator Light (MIL) — The instrument panel light used
by the onboard diagnostic (OBD) system to notify the vehicle operator of
an emissions related fault. The MIL is also known as the “service engine
soon” or “check engine” lamp.

Marginal Benefit — The additional benefit gained from one more unit of
output. In terms of reducing emissions, it represents the benefits from
reducing emissions by one more unit.

Marginal Cost — The additional cost associated with producing one
more unit of output. In terms of reducing emissions, it represents the cost
of reducing emissions by one more unit.

Medium-Duty Passenger Vehicle (MDPV) — A new class of vehicles
introduced with the federal Tier 2 emissions standards that includes sport

utility vehicles and passenger vans rated at between 8,5000 and 10,000
GVWR.

Model Year — Vehicles are certified for sale, marketed, and later regis-
tered as a certain “model year” indicating the year a vehicle was pro-
duced and offered for sale. Model years typically begin in September or
October of the prior year, and run for roughly 12 months. In the last dec-
ade, certain vehicles have been introduced as a ‘pull-ahead’ vehicle, ap-
pearing as early as January of the preceding year.

National Ambient Air Quality Standards (NAAQS) — Standards set by
EPA for the maximum levels of criteria air pollutants that can exist in the
outdoor air without unacceptable effects on human health or the public
welfare. There are four elements of a NAAQS: (1) the pollutant indicator
(such as PM;5), (2) the concentration of the indicator in the air, (3) the
time over which measurements are made or averaged, and (4) the statisti-
cal form of the standard used to determine the allowable number of ex-
ceedances (such as the fourth highest value over a 3-year period).

National Low Emission Vehicle (NLEV) — A vehicle that meets volun-
tary low emissions tailpipe standards that are more stringent than can be
mandated by EPA prior to model-year 2004. The NLEV program intro-
duced California low emissions cars and light-duty trucks into the North-
east beginning in model year 1999 vehicles and the rest of the country in
the model-year 2001 vehicles.
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Nonattainment Area — A geographic area designated by the EPA to
have concentrations of a criteria pollutant in excess of a NAAQS at some
recent time. A single geographic area may have acceptable levels of
some criteria air pollutants but unacceptable levels of others; thus, an
area can be both an attainment area for one pollutant and a nonattainment
area for another.

Nitrogen Oxides (Oxides of Nitrogen, NO,) — A general term referring
to nitric oxide (NO) and nitrogen dioxide (NO,). Nitrogen oxides are
formed when air is raised to high temperatures, such as during combus-
tion or lightning, and are major contributors to smog formation and acid
deposition.

Onboard Diagnostic (OBD) Systems — A system incorporated into new
motor vehicles to monitor the performance of emissions control devices.
When the system detects a problem, an onboard computer triggers a
dashboard indicator light, referred to as a malfunction indicator light
(MIL), alerting the driver to seek maintenance for the vehicle. The cur-
rent OBDII system also communicates its findings to repair technicians
by means of diagnostics trouble codes, which can be downloaded from
the computer. OBD systems do not directly measure emissions.

Onboard Diagnostics Generation I (OBDI) — An onboard automotive
diagnostic system required by the California Air Resources Board since
1988, which uses a microprocessor and sensors to monitor and control
various engine system functions. A MIL illuminates when a malfunction
is noted, but engine technicians cannot connect to the system and
download trouble codes (MIL flash patterns communicate the problem).

Onboard Diagnostics Generation II (OBDII) — OBDII expands upon
OBDI to include monitoring of both the emissions system and sensor
deterioration and to provide diagnostic information to repair technician.

Open Loop Fuel Control — A system in which the air/fuel mixture is
preset by design and contains no feedback correction signal to optimize
fuel metering for emissions control. (See also “Closed Loop Fuel Con-
trol.”)

Original Equipment Manufacturer (OEM) — Manufacturers of equip-
ment (such as engines and vehicles) that provide the original product de-
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sign and materials for its assembly and manufacture. OEMs are directly
responsible for manufacturing and modifying the products, making them
commercially available, and providing the warranty.

Oxygen Sensor — A sensor placed in the exhaust manifold to measure
oxygen content. On some vehicles, oxygen sensors are located both be-
fore and after the catalytic converter.

Oxygenated Gasoline — Gasoline containing an oxygenate, typically
methyl tertiary-butyl ether (MTBE) or ethanol, intended to reduce pro-
duction of carbon monoxide, a criteria air pollutant. In some parts of the
country, carbon monoxide emissions from cars make a major contribu-
tion to pollution. In some of these areas, gasoline refiners must market
oxygenated fuels, which typically contain 2-3% oxygen by weight.

Oxygenates — Compounds containing oxygen (alcohols and ethers) that
are added to gasoline to increase its oxygen content. Methyl tertiary-
butyl ether (MTBE) and ethanol are the most common oxygenates cur-
rently used, although there are a number of others.

Ozone (0;) — A reactive gas whose molecules contain three oxygen at-
oms. It is a product of photochemical processes involving sunlight and
ozone precursors, such as hydrocarbons and oxides of nitrogen. Ozone
exists in the upper atmosphere (stratospheric ozone), where it helps
shield the earth from excessive ultraviolet rays, as well as in the lower
atmosphere (tropospheric ozone) near the earth’s surface. Tropospheric
ozone causes plant damage and adverse health effects, and is a criteria air
pollutant; it is a major component of smog.

Partial Zero Emission Vehicle (PZEV) — Vehicles that have achieved
the CARB’s cleanest tailpipe emission standard under the LEV II pro-
gram, the super ultra-low-emission vehicle (SULEV) standard, and have
nearly zero evaporative emissions and their emission control equipment
warranted for 15 years/150,000 miles.

Particulate Matter (PM) — Any material, except uncombined water,
that exists in the solid or liquid droplet states in the atmosphere. Particu-
late matter includes wind-blown dust particles, particles directly emitted
as combustion products, and particles formed through secondary reac-
tions in the atmosphere.
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Photochemical Reaction — A term referring to a chemical reaction
brought about by sunlight, such as the formation of ozone from the inter-
action of nitrogen oxides and hydrocarbons in the presence of sunlight.

Plug-In — An electrical device used to heat the engine under extreme
cold conditions in order to facilitate engine starting and reduce the time
for emissions control devices to be fully operational.

PM, ;s — PM, 5 refers to a subset of particulate matter collected by a sam-
pling device with a size-selective inlet that has a 50% collection effi-
ciency for particles with an aerodynamic diameter of 2.5 micrometers
(um). This fraction of PM penetrates most deeply into the lungs, and
causes the majority of visibility reduction.

PM,, — PM, refers to a subset of particulate matter collected by a sam-
pling device with a size-selective inlet that has a 50% collection effi-
ciency for particles with an aerodynamic diameter of 10 um.

Primary Standard — A NAAQS for criteria air pollutants based on health
effects.

Purge Test — A test used to determine if fuel vapors are properly drawn
from the evaporative canister and the fuel tank into the engine for com-
bustion. If the purge system is not working properly, the evaporative can-
ister can become saturated and vent hydrocarbons into the atmosphere.

Regulatory Impact Analysis (RIA) — An analysis document produced
by EPA for each major rulemaking listing the expected impacts of the
rule including environmental impacts, health impacts, cost-benefit analy-
ses, economic impacts, small business impacts.

Reformulated Gasoline (RFG) — Specifically formulated fuels blended
such that, on average, the exhaust and evaporative emissions of HCs and
related hazardous air pollutants (chiefly benzene, 1,3-butadiene, poly-
cyclic aromatic hydrocarbons, formaldehyde, and acetaldehyde) are sig-
nificantly and consistently lower than such emissions resulting from use
of conventional gasolines. The 1990 Clean Air Act amendments required
sale of reformulated gasoline in the nine areas with the most severe
ozone pollution problems.
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Regional Haze — The haze produced by a multitude of sources and ac-
tivities which emit fine particles and their precursors across a broad geo-
graphic area. Federal regulations require states to develop plans to reduce
the regional haze that impairs visibility in national parks and wilderness
areas.

Remote Sensing — A method for measuring pollutant concentrations
from a vehicle’s exhaust with the use of a roadside monitoring device
(known as remote sensing devices or RSDs). Infrared (IR) and Ultravio-
let (UV) light is directed across the road and passively reflected back to
detectors that monitor light intensity at characteristic wavelengths. The
amount of characteristic infrared or ultraviolet light absorbed is trans-
lated into the exhaust concentration of the three regulated pollutants of
interest, CO, HCs and NO,.

Secondary Particulate Matter — Particulate matter that is formed in the
atmosphere, and is generally composed of species such as ammonia or
the products of atmospheric chemical reactions, such as nitrates, sulfates
and organic material, in addition to some water. Secondary particles are
distinguished from primary particles, which are emitted directly into the
atmosphere.

Secondary Standard — A NAAQS for criteria air pollutants based on
environmental effects such as damage to property, plants, visibility, etc.

Selective Catalytic Reduction (SCR) — Term frequently used as a syno-
nym for catalytic reduction of NOy in diesel exhaust or flue gases by ni-
trogen containing compounds, such as ammonia or urea. Such SCR sys-
tems are commercially available for stationary applications and are being
developed for mobile diesel engines. Since “selective catalytic reduc-
tion” is a generic term which also applies to other reactions, its use may
lead to confusion in some situations.

Spark Ignition (SI) — The form of ignition that initiates combustion in a
gasoline, natural gas, or liquefied petroleum gas fueled engine or any
other type of engine with a spark plug (or other sparking device).

State Implementation Plan (SIP) — A detailed description of the scien-

tific methods and emissions reduction programs a state will use to carry
out its responsibilities under the Clean Air Act for complying with the
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NAAQS. The Clean Air Act requires that EPA approve each SIP after
the public has had an opportunity to participate in its review and ap-
proval.

Super Ultra-Low-Emission Vehicle — Vehicles meeting CARB’s super
ultra-low-emission vehicle (SULEV) standard, the cleanest emission
standard that a gasoline vehicle can meet under the LEV II program.

Supplemental Federal Test Procedure (SFTP) — The SFTP is a certifi-
cation test for measuring the tailpipe and evaporative emissions from
new vehicles that includes two driving cycles not represented in the FTP.
The SFTP includes a test cycle simulating high speed and high accelera-
tion driving (US06 cycle) and a test cycle that evaluates the effects of
simulating air conditioner operation (SC03 cycle).

Technology-Based Standards — A type of standard that dictates pollut-
ers use specific techniques (e.g., a particular type of pollution abatement
equipment) or follow a specific set of operating procedures and practices.

Technology Forcing — The establishment by a regulatory agency of a
requirement to achieve an emissions limit, within a specified time frame,
that can be reached through use of unspecified technology or technolo-
gies that have not yet been developed for widespread commercial appli-
cations and have been shown to be feasible on an experimental or pilot-
demonstration basis.

Temperature Inversion — An atmospheric condition in which tempera-
ture in the lower part of the atmosphere increases with altitude, rather
than decreasing with altitude, as is more typical. Inversion conditions can
trap pollution near the surface because warmer, less dense air is resting
above colder, more dense air.

Three-way Catalytic Converter — A catalytic converter designed to
both oxidize CO and HCs and reduce NO, emitted from gasoline-fueled
vehicles.

Tier 0 Vehicles — Vehicles that meet federal Tier O tailpipe standards.
For light-duty vehicles, these standards began with model-year 1981 ve-
hicles and were phased out in model-year 1995 for passenger cars and
most light-duty trucks.
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Tier 1 Vehicles — Vehicles that meet federal Tier 1 tailpipe standards.
For light-duty vehicles, these standards began with model-year 1994 ve-
hicles.

Tier 2 Vehicles — Vehicles that will meet Tier 2 tailpipe standards. For
light-duty vehicles, these standards begin with model-year 2004 vehicles.

Total Carbon — The sum of the elemental carbon and organic carbon.
For diesel particulates, this is typically 80-85% of the total DPM mass.

Transitional-Low-Emission Vehicle (TLEV) — A vehicle meeting ei-
ther EPA’s clean fuel vehicle TLEV standards or CARB’s California
low-emission vehicle (LEV I) TLEV standards. TLEVs produce lower
emissions than federal Tier 1 vehicles.

Transportation Control Measure (TCM) — Any control measure to
reduce vehicle trips, vehicle use, vehicle miles traveled, vehicle idling, or
traffic congestion for the purpose of reducing motor vehicle emissions.
TCMs can include encouraging the use of carpools and mass transit.

Transportation Demand Management (TDM) Strategies — Strategies
which use regulatory mandates, economic incentives, or educational
campaigns to change driver behavior. TDM strategies attempt to reduce
the frequency or length of automobile trips or to shift the timing of
automobile trips.

Travel-demand Model — An analysis procedure using heuristics or for-
mal systems of equations to estimate the number, distribution, mode
choice, and/or route choice of trips made by a household or individual
that can be aggregated to estimate the number of trips starting and/or
ending in a specific geographical area. The model determines the amount
of transportation activity occurring in a region based on an understanding
of the daily activities of individuals and employers, as well as the re-
sources and transportation infrastructure available to households and in-
dividuals when making their daily activity and travel decisions.

Two-Stroke Engines — A type of internal combustion piston engines
where the engine cycle is completed after just two strokes (up or down)
of the piston, which distinguishes it from the four-stroke engine. In a
typical two-stroke engine, the air/fuel mixture is drawn into the crank-
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case as the piston moves up on its first stroke to compress the mixture
above it. Then the compressed mixture is ignited, and hot gases are pro-
duced, which drive the piston down on its second stroke. As it moves
down, it uncovers an opening (port) that allows the fresh fuel mixture in
the crankcase to flow into the combustion space above the piston. At the
same time, the exhaust gases leave through another port.

Two-way Catalytic Converter — A first generation catalytic converter
designed to oxidize CO and HC emissions from gasoline-fueled vehicles.

Ultra-Low Emission Vehicle (ULEV) — A vehicle meeting CARB’s
California low-emission vehicle ULEV standards or EPA’s clean fuel
vehicle ULEV standards. ULEVs produce fewer emissions than LEV I or
LEV II vehicles.

Vehicle Miles Traveled (VMT) — The number of miles driven by a fleet
of vehicles over a set period of time, such as a day, month, or year. One
vehicle traveling one mile is one vehicle mile.

Volatile Organic Compounds (VOCs) — Organic compounds that can
include oxygen-, nitrogen-, and sulfur-containing compounds. Alkanes,
alkenes and aromatic hydrocarbons are all VOCs (as well as being HCs).
The simple carbon-containing compounds carbon monoxide and carbon
dioxide are usually classified as inorganic compounds. A volatile organic
compound is one that can exist as a gas at ambient temperatures. Many
volatile organic chemicals are hazardous air pollutants; for example,
benzene causes cancer. (See also Appendix B.)

Zero Emission Vehicle (ZEV) — A vehicle that emits no tailpipe exhaust
emissions.

Sources: CARB at www.arb.ca.gov/html/gloss.htm; EPA at www.epa.
gov/oar/oaqps/peg_caa/pegcaal 0.html, and www.epa.gov/oms/stds-1d.htm.
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A/F
AAM
ACP
AQMD
ARB
ASTM
AT-PZEV
CAA
CAFE
CARB
CIDI
CNG
co
Co,
COHb
DOE
EGR
EMFAC
EPA
EV
GVW
HAPs
HC

HCCI
HDV

Abbreviations

air-to-fuel ratio

Association of Automobile Manufacturers
alternative compliance plan

Air Quality Management District

Air Resources Board in California (same as CARB)
American Society for Testing Materials
advanced-technology partial zero-emission vehicle
Clean Air Act

corporate average fuel economy

California Air Resources Board

compression ignition direct injection

compressed natural gas

carbon monoxide

carbon dioxide

carboxyhemoglobin

U.S. Department of Energy

exhaust gas recirculation

emissions model used by CARB for mobile sources
U.S. Environmental Protection Agency

electric vehicle

gross vehicle weight

hazardous air pollutants

hydrocarbon (see Appendix B for definition of various
terms used for HCs)

homogeneous charge compression ignition
heavy-duty vehicle
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HEW

IC
LACPCD
LDT
LEV
LPG
LVW
MDPV
MDT
MDV
MECA
MOA
MOBILE6
MVPCB
N,
NAAQS
NAPCA
NLEV
NMHC

NMOG

Abbreviations

U.S. Department of Health, Education and Welfare
internal combustion

Los Angeles County Air Pollution Control District
light-duty truck

low-emission vehicle

liquified petroleum gas

loaded vehicle weight

medium-duty passenger vehicle

medium-duty truck

medium-duty vehicle

Manufacturers of Emissions Control Association
memorandum of agreement

emissions model used by EPA for mobile sources
Motor Vehicle Pollution Control Board

diatomic nitrogen

National Ambient Air Quality Standards

National Air Pollution Control Administration
National Low Emission Vehicle Program

nonmethane hydrocarbon (see Appendix B for definition
of various terms used for HCs)

nonmethane organic gas (see Appendix B for definition
of various terms used for HCs)

nitrogen dioxide

oxides of nitrogen gases

National Research Council

diatomic oxygen

ozone

onboard diagnostics

Ozone Transport Commission

polycyclic aromatic hydrocarbon

passenger car

positive crankcase ventilation

particulate matter

partial zero-emission vehicle

research and development

regulatory impact assessment

reactive hydrocarbon (see Appendix B for definition of
various terms used for HCs)

reactive organic gas (see Appendix B for definition of
various terms used for HCs)
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SCAQMD
SCR

SI

SIP
SORE
SULEV
TLEV
UAM
UEGO
ULEV
vVOC
ZEV
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South Coast Air Quality Management District
selective catalytic reduction

spark ignition

state implementation plan

small off-road engine

super ultra-low-emission vehicle
transitional low-emission vehicle
urban airshed model

universal exhaust gas oxygen (sensor)
ultra-low-emission vehicle

volatile organic compound
zero-emission vehicle
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Biographical Information on the
Committee on State Practices in Setting
Mobile Source Emissions Standards

David Allen is the Melvin Gertz Regents Professor in Chemical Engi-
neering and the director of the Center for Energy and Environmental Re-
sources at the University of Texas at Austin. Dr Allen is a member of the
EPA Advisory Council on Clean Air Compliance Analysis. He has held
regular faculty appointments at the University of California Los Angeles
and the University of Texas, and he has held visiting faculty appoint-
ments at the California Institute of Technology, the U.S. Department of
Energy, and the University of California Santa Barbara. Dr. Allen’s re-
search interests lie in environmental reaction engineering, particularly
issues related to air quality and pollution prevention. Dr. Allen served on
the NRC Board on Environmental Studies and Toxicology and has
served on several NRC committees. He served as chair of the Texas
Council on Environmental Technology, which provides advice to the
state of Texas on the use of innovative air quality improvement tech-
nologies. He received his B.S. in chemical engineering, with distinction,
from Cornell University and his M.S. and Ph.D. in chemical engineering
from the California Institute of Technology.

John Bailar, 111, is professor emeritus in the Department of Health Stud-
ies at the University of Chicago. He is a retired commissioned officer of
the U.S. Public Health Service and worked for the National Cancer Insti-
tute for 22 years. Dr. Bailar previously held an appointment as a senior
scientist in the EPAHealth and Environmental Review Division. He also
held academic appointments at Harvard University and McGill Univer-
sity. Dr. Bailar’s research interests include assessing health risks from
chemical hazards and air pollutants and interpreting statistical evidence
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in medicine, with a special emphasis on cancer. He was editor-in-chief of
the Journal of the National Cancer Institute for 6 years and a member of
the editorial board of the New England Journal of Medicine for 7 years.
Dr. Bailar was elected to the Institute of Medicine in 1993 and is a mem-
ber of the International Statistical Institute. He received his M.D. from
Yale University and his Ph.D. in statistics from American University.

Hugh Ellis is the chair of the Department of Civil Engineering at the
Johns Hopkins University in Baltimore, and he holds a joint appointment
in the Department of Geography and Environmental Engineering. His
research interests focus on the development of uncertainty and risk-based
approaches for environmental management, including the use of such
techniques for assessing air quality and emissions control policies in
Maryland. He served on the NRC Committee on the Effectiveness of
Vehicle Emission Inspection and Maintenance Programs. He received his
B.S., M.S., and Ph.D. in civil engineering from the University of Water-
loo in Ontario, Canada.

Alison Geyh is an assistant professor at the Johns Hopkins Bloomberg
School of Public Health. Her research interests focus on quantifying air-
borne contaminants, identifying their sources, investigating their chemi-
cal composition, and assessing the routes of human exposure. Her current
projects include an assessment of personal exposure to mobile-source
related pollutants, an examination of the metal content of ambient fine
particulate matter, and an exploration of the potential relationship be-
tween exposure to fine particles and exacerbations of symptoms related
to congestive heart failure. She is the principal investigator of a large
ongoing project focused on assessing exposure and health outcome of
workers who were involved in the cleanup and recovery effort at the
World Trade Center disaster site. Dr. Geyh previously held an appoint-
ment as a staff scientist for the Health Effects Institute, which is funded
jointly by EPA and the automotive industry. Dr. Geyh received her Ph.D.
from Brandeis University in physical organic chemistry.

David Greene is a corporate fellow of Oak Ridge National Laboratory
(ORNL). His research interests are in energy and environmental policy
analysis in the transportation sector, including analyses of policies to
mitigate greenhouse gas emissions from the transportation sector, model-
ing of energy and transportation demand, and assessment of the econom-
ics of petroleum dependence and market responses to advanced transpor-
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tation technologies and alternative fuels. After joining ORNL in 1977, he
founded the Transportation Energy Group in 1980 and later established
the Transportation Research Section in 1987. Also, Dr. Greene was a
senior research analyst in the Office of Domestic and International En-
ergy Policy, U. S. Department of Energy. He is past chair and member
emeritus of the Transportation Research Board’s Energy Committee, past
chair of the Section on Environmental and Energy Concerns, and a life-
time national associate of the National Academies. Dr. Greene received
his B.A. from Columbia University, M.A. from the University of Ore-
gon, and Ph.D. in geography and environmental engineering from the
Johns Hopkins University.

James Lents is director of the Environmental Policy and Corporate Af-
filiates Program at the University of California Riverside. Dr. Lents
joined the university after managing air quality improvement projects
nationwide, including 11 years as executive officer of the South Coast
Air Quality Management District in Diamond Bar, California. His ex-
perience includes work in defining the emissions inventory development,
modeling, and emissions control process for Chattanooga, Tennessee,
and Denver, Colorado. His work in Colorado included oversight of the
efforts to evaluate air quality impacts of oil shale production during the
oil shale boom of the late 1970s and early 1980s. He served on the NRC
Committee on Air Quality Management in the United States. Dr. Lents
received his Ph.D. from the University of Tennessee (Space Institute) in
physics.

Gary Marchant is a professor of law and executive director and faculty
fellow of the Center for the Study of Law, Science, and Technology in
the College of Law at Arizona State University. Dr. Marchant teaches
environmental law, science and technology, genetics and the law, and
environmental justice. Before joining the ASU faculty, he was a partner
at the Washington, DC, office of the law firm of Kirkland & Ellis, where
his practice focused on environmental and administrative law. As part of
this work, he represented the two major U.S. trade associations of motor
vehicle manufacturers on a variety of regulatory and preemption litiga-
tion matters relating to federal, California, and Northeast States motor
vehicle emission standards. He received his B.S. and Ph.D. in genetics
from the University of British Columbia, his M.P.P. from the Kennedy
School of Government of Harvard University, and his J.D. from Harvard
Law School.
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Virginia McConnell is a senior fellow in the Quality of the Environment
Division of Resources for the Future (RFF). She is also a professor of
economics at the University of Maryland, Baltimore County. Her recent
work has centered on the evaluation of policies to reduce motor vehicle
pollution, including the analysis of inspection and maintenance pro-
grams, old-car scrap programs, and emissions taxes. Dr. McConnell is a
member of the EPA Advisory Council on Clean Air Compliance Analy-
sis and has served on other EPA advisory committees. She has analyzed
market-based policies for improving land use and the impact of environ-
mental regulations on industry productivity. Dr. McConnell served on
the NRC Committee on the Effectiveness of Vehicle Emission Inspection
and Maintenance Programs. She received her B.S. in economics from
Smith College and her Ph.D. in economics from the University of Maryland.

Alison Pollack is a Principal at ENVIRON Corporation, an environ-
mental consulting firm. Her work is primarily in the analysis of on-road
and off-road mobile-source emissions data, the estimation of mobile-
source emissions inventories, the development and evaluation of on-road
and off-road mobile-source emissions models, and the evaluation of mo-
bile-source control measures. Ms. Pollack’s research and consulting
work has mostly been funded by state and federal agencies. She served
on the NRC Committee to Review EPA’s Mobile Source Emissions Fac-
tor (MOBILE) Model and the Committee on the Effectiveness of Vehicle
Emission Inspection and Maintenance Programs. Ms. Pollack received
her B.S. and M.S. in statistics from Princeton University and the Univer-
sity of Wisconsin-Madison, respectively.

Harold Schock is a professor in the Department of Mechanical Engi-
neering at Michigan State University. Dr. Schock is the owner of Mid
Michigan Research, LLC, an engineering research and design company.
His research interests include flow and combustion phenomena in inter-
nal combustion engines using laser-based experimental techniques and
numerical simulations, wear studies of mechanical parts using implanted
radioisotopes, and flow physics in an automotive torque converter. Dr.
Schock’s research has been funded by a number of sources, including
industry and federal agencies. He served on the NRC Committee on Mo-
bile Electric Power Plant Technologies. Dr. Schock received his Ph.D. in
mechanical engineering at Michigan Technological University.
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Karl Springer was the vice president for Automotive Products and
Emissions Research at Southwest Research Institute (retired). His re-
search interests have focused on the measurement and control of air pol-
lution emissions from on-road and off-road vehicles and equipment pow-
ered by internal combustion engines. Mr. Springer is a member of the
National Academy of Engineering. He served on the NRC Committee on
Carbon Monoxide Episodes in Meteorological and Topographical Prob-
lem Areas. He received a B.S.M.E. from Texas A&M and an M.S. in
physics from Trinity University.
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Acronyms and Names Used for

Classifying Organic Compounds

Common

Abbreviation Full Name

Definition

voc' Volatile organic Organic compounds that are found in the
compounds gas phase at ambient conditions. Might
not include methane.
ROG Reactive organic Organic compounds that are assumed to
gases be reactive at urban (and possibly
regional) scales. By definition, taken to be
those organic compounds that are
regulated because they lead to ozone
formation. Does not include methane. The
term is used predominantly in California.
NMHC Nonmethane All hydrocarbons except methane;
hydrocarbons sometimes used to denote ROG.
NMOC Nonmethane Organic compounds other than methane.
organic compounds
RHC Reactive All reactive hydrocarbons; also used to
hydrocarbons denote ROG.
THC Total hydrocarbons  All hydrocarbons, sometimes used to
denote VOC.
OMHCE Organic material Organic compound mass minus oxygen
hydrocarbon mass.
equivalent
TOG Total organic gases Used interchangeably with VOC.

'Unless noted otherwise, HC is the term used in this report to represent the gen-
eral class of gaseous organic compounds.
Source: NRC 1999.
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Summary of Milestones in CARB
Mobile-Source Emissions Regulations
and Comparison with EPA

TABLE C-1 Heavy-Duty On-Road Vehicles

EPA
Model Model Comparison with
Year Requirement Result Year California
1999 Carl Moyer  Incentive program to reduce — EPA has no
Program NO, and PM emissions (funded comparable
7,000 projects to date) program
2000 School bus Incentive program to retrofit or 2004 Federal
program purchase improved buses enforcement
(3,475 buses improved) settlement with
Toyota provided
funding for retrofit
of school buses
2004 Vehicle com- Required 1993-1999 trucksto — EPA has no
puter software modify software to reduce comparable
upgrade excessive NO, emissions program
2004 Particulate Reduced PM by up to 85% in  — EPA has no
filters on residential neighborhoods comparable
refuse trucks program
2005 Additional test Reduce potential of excessive 2007 Adopted a similar
procedures for emissions during real-world program (2 years
certification  driving later)
2007 First Identifies failed emission — EPA has no
diagnostic control parts comparable
system program
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TABLE C-2 Small Off-Road and Utility Engines

327

EPA
Model Model Comparison with
Year Requirement Result Year California
1995  First small Improved engine design 1997  EPA adopted
off-road engine  reduced emissions similar program
emission 30-70% (2 years later)
standards
2000  First small off-  Use of catalysts, 2001  EPA adopted
road engine advanced two-stroke similar program
durability design and increased use (1 year later)
requirement of four-stroke engines for
handheld equipment.
Improved engine
technologies for
non-handheld equipment
2005 California Improved engine design 2005  Initiated at the
aligned with and requirements similar federal level first
federal standards in all 50 states for and then adopted
engines smaller than 50 by CARB
cc
2006  First small off- Low fuel permeation fuel — Federal
road engine tank and fuel lines and standards in
evaporative use of carbon canister development
emission
requirements
2007- HC and NO4 Emissions reduced by — Federal
2008  standards 33-38% using catalyst standards in
reduced for development

engines greater
than 80 cc in
displacement
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TABLE C-3 Off-Road Diesel Engines

Appendix C

EPA
Model Model Comparison with
Year Requirement Result Year California
1996  First emission Improved engine 1996  Adopted California

1999

2000

standards for
engines over 175
hp (130 kW)
Carl Moyer
Program

design technologies

Incentive program to
reduce NO, and PM
(as noted earlier
7,000 projects to
date)

Agreement with ~ Similar requirements —

manufacturers to
align California
and federal
standards

in all 50 states

requirements from
50-175 hp (37-130
kW)

EPA has no
comparable program

EPA and CARB
standards aligned

TABLE C-4 Recreational Marine Engines

EPA
Model Model Comparison with
Year Requirement Result Year California
2001  Set Tier 1 Improved engine 2006  EPA adopted
outboard marine technologies reducing similar
and personal HC and NO, requirements but
watercraft emissions by 75% will not fully match
engines from uncontrolled California until
2006 (5 years later)
2003  Tier 1 standard  Improved engine — EPA has no
for inboard and  technologies with comparable
sterndrive minor emission requirement but
marine engines  reductions notice of advanced
rulemaking issued
in 2002
2004  Tier 2 outboard Improved engine — EPA has no
marine and design resulting in comparable
personal 80% HC and NO, requirement
watercraft emission reductions
engines compared to
uncontrolled
(Continued)
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TABLE C-4 Continued

329

EPA

Model Model Comparison with

Year Requirement Result Year California

2007 Tier 2 inboard  Use of catalysts pro- — EPA has no

and stern drive  ducing 67% emission comparable
marine engine  reduction compared requirements but
requirements with uncontrolled notice of advanced
rulemaking issued
in 2002
2008  Tier 3 outboard Increases use of — EPA has no
and personal four-stroke engines comparable
watercraft engine and use of direct requirements
requirements injection two-stroke
engines
TABLE C-5 Fuels and Vapor Recovery
EPA

Model Model Comparison with

Year Requirement Result Year California

1971  Fuel volatility limit Large evaporative 1989 EPA adopted similar

of 9 RVP during  emission program (18 years
0zone season reductions later)

— — — 1974  Federal regulations
required large service
stations to sell
unleaded gasoline
nationwide

1976  Stage | and Stage Evaporative emis- 1990 Clean Air Act

2 vapor recovery  sion reductions amendments of 1990
required (transfer set similar

from cargo to requirements in
service station and non-attainment areas
transfer to vehicle outside of California
respectively)

1992  Phase | of cleaner Full phase-out of 1992  EPA adopted a partial

burning gasoline

lead, deposit
control additives,
RVP of 7.8, and
wintertime
oxygenates

program at the same
time

(Continued)
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TABLE C-5 Continued

Appendix C

EPA
Model Model Comparison with
Year Requirement Result Year California
1993  Cleaner burning Sulfur content 1993  EPA adopted a partial
diesel fuel limit of 500 ppmw program at the same
and aromatic time
hydrocarbon limit
of 10% by volume
(20% for smaller
refiners)
1996  Phase 2 of clean Control of 8 major 2000 EPA adopted a partial
burning gasoline  fuel properties: program 4 years later
RVP 7.0 cap in
ozone season,
oxygenates,
benzene limits,
aromatic limits,
olefin limits,
sulfur limits, and
50% and 90%
distillation limits
2001 Enhanced Stage 1 VOC emissions  — EPA has no similar
vapor recovery reduced requirement but many
(98% capture states have adopted
efficiency) the California
requirement
2003  Phase 2 vapor Improves nozzle — EPA has no similar
recovery must be  design or requirement but many
compatible with processor to states are adopting
ORVR systems on minimize tank California
vehicles pressure requirement
2006 Reduce sulfurin ~ Enables the use of 2006 EPA adopted 1 year

diesel fuel to 15
ppmw

advanced after-
treatment devices
to meet 2007
heavy-duty
vehicle
requirements

before California but
not applied to
nonroad sources until
2010, not to
stationary sources,
and no aromatic
hydrocarbon limit

All tables adapted from CARB, unpublished material, 2005.
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Statutory Sections Relevant
to the Regulation of New
Mobile-Source Emissions

[CLEAN AIR ACT SECTION 209 (42 U.S.C. 7543)]

Sec. 209.

(a) No State or any political subdivision thereof shall adopt or at-
tempt to enforce any standard relating to the control of emissions from
new motor vehicles or new motor vehicle engines subject to this part. No
State shall require certification, inspection, or any other approval relating
to the control of emissions from any new motor vehicle or new motor
vehicle engine as condition precedent to the initial retail sale, titling (if
any), or registration of such motor vehicle, motor vehicle engine, or
equipment.

(b)(1) The Administrator shall, after notice and opportunity for
public hearing, waive application of this section to any State which has
adopted standards (other than crankcase emission standards) for the con-
trol of emissions from new motor vehicles or new motor vehicle engines
prior to March 30, 1966, if the State determines that the State standards
will be, in the aggregate, at least as protective of public health and wel-
fare as applicable Federal standards. No such waiver shall be granted if
the Administrator finds that-

(A) the determination of the State is arbitrary and capricious,

(B) such State does not need such State standards to meet
compelling and extraordinary conditions, or

(C) such State standards and accompanying enforcement pro-
cedures are not consistent with section 202(a) of this part.

(2) If each State standard is at least as stringent as the comparable
applicable Federal standard, such State standard shall be deemed to be at
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least as protective of health and welfare as such Federal standards for
purposes of paragraph (1).

(3) in the case of any new motor vehicle or new motor vehicle en-
gine to which State standards apply pursuant to a waiver granted under
paragraph (1), compliance with such State standards shall be treated as
compliance with applicable Federal standards for purposes of this title.

(c) Whenever a regulation with respect to any motor vehicle part or
motor vehicle engine part is in effect under section 207(a)(2), no State or
political subdivision thereof shall adopt or attempt to enforce any stan-
dard or any requirement of certification, inspection, or approval which
relates to motor vehicle emissions and is applicable to the same aspect of
such part. The preceding sentence shall not apply in the case of a State
with respect to which a waiver is in effect under subsection (b).

(d) Nothing in this part shall preclude or deny to any State or politi-
cal subdivision thereof the right otherwise to control, regulate, or restrict
the use, operation, or movement of registered or licensed motor vehicles.

(e) Nonroad Engines or Vehicles.-

(1) Prohibition on certain state standards.- No State or any po-
litical subdivision thereof shall adopt or attempt to enforce any standard
or other requirement relating to the control of emissions from either of
the following new nonroad engines or nonroad vehicles subject to regula-
tion under this Act-

(A) New engines which are used in construction equip-
ment or vehicles or used in farm equipment or vehicles and which are
smaller than 175 horsepower.

(B) New locomotives or new engines used in locomo-
tives. Subsection (b) shall not apply for purposes of this paragraph.

(2) Other nonroad engines or vehicles.-

(A) In the case of any nonroad vehicles or engines other
than those referred to in subparagraph (A) or (B) of paragraph (1), the
Administrator shall, after notice and opportunity for public hearing, au-
thorize California to adopt and enforce standards and other requirements
relating to the control of emissions from such vehicles or engines if Cali-
fornia determines that California standards will be, in the aggregate, at
least as protective of public health and welfare as applicable Federal
standards. No such authorization shall be granted if the Administrator
finds that-

(1) the determination of California is arbitrary and
capricious,
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(i1) California does not need such California stan-
dards to meet compelling and extraordinary conditions, or

(ii1) California standards and accompanying en-
forcement procedures are not consistent with this section.

(B) Any State other than California which has plan pro-
visions approved under part D of title I may adopt and enforce, after no-
tice to the Administrator, for any period, standards relating to control of
emissions from nonroad vehicles or engines (other than those referred to
in subparagraph (A) or (B) of paragraph (1)) and take such other actions
as are referred to in subparagraph (A) of this paragraph respecting such
vehicles or engines if-

(i) such standards and implementation and en-
forcement are identical, for the period concerned, to the California stan-
dards authorized by the Administrator under subparagraph (A), and

(i1) California and such State adopt such standards

at least 2 years before commencement of the period for which the
standards take effect. The Administrator shall issue regulations to
implement this subsection.

[CLEAN AIR ACT SECTION 177 (42 U.S.C. 7507)]

Sec. 177. Notwithstanding section 209(a), any State which has plan pro-
visions approved under this part may adopt and enforce for any model
year standards relating to control of emissions from new motor vehicles
or new motor vehicle engines and take such other actions as are referred
to in section 209(a) respecting such vehicles if-

(1) such standards are identical to the California standards for
which a waiver has been granted for such model year, and

(2) California and such State adopt such standards at least two years
before commencement of such model year (as determined by regulations
of the Administrator). Nothing in this section or in title II of this Act
shall be construed as authorizing any such State to prohibit or limit, di-
rectly or indirectly, the manufacture or sale of a new motor vehicle or
motor vehicle engine that is certified in California as meeting California
standards, or to take any action of any kind to create, or have the effect
of creating, a motor vehicle or motor vehicle engine different than a mo-
tor vehicle or engine certified in California under California standards (a
“third vehicle) or otherwise create such a “third vehicle.”
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[P.L. 108-199 DIVISION G]

Sec. 428. Regulation of Small Engines.

(a) In considering any request from California to authorize the State
to adopt or enforce standards of other requirements relating to the control
of emissions from new non-road spark-ignition engines smaller than 50
horsepower, the Administrator shall give appropriate consideration to
safety factors (including the potential increased risk of burn or fire) asso-
ciated with compliance with the California standard.

(b) Not later than December 1, 2004, the Administrator of the Envi-
ronmental Protection Agency shall propose regulations under the Clean
Air Act that shall contain standards to reduce emissions from new non-
road spark-ignition engines smaller than 50 horsepower. Not later than
December 31, 2005, the Administrator shall publish in the Federal Regis-
ter final regulations containing such standards.

(c) No State or any political subdivision thereof may adopt or at-
tempt to enforce any standard or other requirement applicable to spark
ignition engines smaller than 50 horsepower.

(d) Exception for California.--The prohibition in subsection (e)
does not apply to or restrict in any way the authority granted to Califor-
nia under section 209(e) of the Clean Air Act (42 U.S.C. 7543(e)).

(e) Exception for Other States.--The prohibition in subsection (c)
does not apply to or restrict the authority of any State under section
209(e)(2)(B) of the Clean Air Act (42 U.S.C. 7543(e)(2)(B)) to enforce
standards or other requirements that were adopted by that State before
September 1, 2003.
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Public Workshop Presentations

June 28, 2004

California Perspective on Mobile-Source Emission Standards
Catherine Witherspoon, Executive Olfficer, California Air Re-
sources Board

State and Local Mobile-Source and Fuel Standards: A Briefing for the
National Research Council
William Becker, Executive Director
State and Territorial Air Pollution Program Administrators and
the Association of Local Air Pollution Control Officials

EPA’s Perspective on the NRC Study Identifying State Practices in Set-
ting Mobile-Source Emission Standards
Merrylin Zaw-Mon, Environmental Protection Agency, Director,
Certification and Compliance Division
Chet France, Environmental Protection Agency, Director, As-
sessment and Standards Division

Presentation by Outdoor Power Equipment Institute
William Guerry, Jr., Outdoor Power Equipment Institute Coun-
sel, Collier Shannon Scott, PLLC

Presentation by American Council for an Energy-Efficiency Economy

Therese Langer, ACEE, Transportation Program Director,
American Council for an Energy-Efficiency Economy
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State Mobile-Source Regulations
Peter Lidiak, American Petroleum Institute

Statement by the International Consortium for Fire Safety, Health and
the Environment
George Miller, Chairman, International Consortium for Fire
Safety, Health and the Environment

Presentation by Alliance of Automobile Manufacturers
Greg Dana, Vice President, Environmental Affairs, Alliance of
Automobile Manufacturers

October 4, 2004

Local Air District Perspective
Barry Wallerstein, Executive Olfficer, South Coast Air Quality
Management District

California Programs Adopted by New York
Peter Iwanowicz, Director of Environmental Health, American
Lung Association of New York State

Presentation of the Engine Manufacturers Association: The Critical Role
of Federal Preemption
Timothy French, Engine Manufacturers Association

Vehicle Regulations in California Science, Process and Results
Tom Cackette, Chief Deputy Executive Officer and Steve Albu,
Chief Engineering Studies Branch, Mobile-Source Control Divi-
sion, California Air Resources Board

January 19, 2005

Honda’s Perspective on Compliance with Compliance with CARB’s -
CARB’s LEV and LEV and LEV II Emission Standards LEV II Emis-
sion Standards
John German, Manager, Environmental and Energy Analyses,
American Honda Motor Corporation, Incorporated
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EPA’s Process for Developing Mobile-Source Emissions Standards
Regulations
Chet France, Environmental Protection Agency, Olffice of
Transportation and Air Quality

Cummins’ Perspective on State Practices in Setting Mobile-Source
Emissions Standards
Bob Jorgensen, Cummins Incorporated

Perspective of General Motors on California Emission Standards
Robert Babik, Director, Vehicle Emission Issues, General Mo-
tors Corporation

Review of Past Motor Vehicle Pollution Control Estimates
Roland Hwang, Vehicles Policy Director, Air and Energy Pro-
gram, Natural Resources Defense Council

April 14, 2005

A Manufacturer’s Perspective: State Standards in a Global Marketplace
State Standards in a Global Marketplace and the Briggs & Stratton History
Patricia Hanz and Peter Hotz, Briggs & Stratton Corporation

EPA’s Process of Waiver/Authorization Determinations and Require-
ments for Opt-in States Under Section 177
Karl Simon, David Dickinson, Environmental Protection
Agency, Office of Transportation & Air Quality

California Low Emission Vehicle Standards
Thomas Snyder, Director, Air and Radiation Management Ad-
ministration
Maryland Department of the Environment

National and Global Impacts of California Mobile-Source Emissions
Standards

Michael Walsh, International Consultant

Incremental Costs and Cost-Effectiveness of California Emissions Standards
Thomas Austin, Sierra Research, Incorporation
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States’ Perspectives on Adoption of California Emissions Standards
Statements, Presentation and Panel Discussion
Arthur Marin — Executive Director, Northeast States Coordi-
nated Air Use Management
Richard Valentinetti — Director, Air Pollution Control Division,
Vermont Department of Environmental Conservation
Thomas Snyder — Director, Air and Radiation Management
Administration,
Maryland Department of Environmental Protection
Robert Golledge — Commissioner, Massachusetts Department of
Environmental Protection
Carl Johnson — Deputy Commissioner, New York Department of
Environmental Conservation
David Littell — Assistant Commissioner, Maine Department of
Environmental Protection
Gina McCarthy — Commissioner, Connecticut Department of
Environmental Protection

Assessing the Emissions Benefits of LEV Il as Compared to Tier 2
Coralie Cooper, Northeast States Coordinated Air Use Management
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