Table ] Low-Emission Vehicle exhaust emission standards for passenger cars at

50,000 miles. -
Grams/Mile by Pollutant

Vehicle Category NMOG* | ' No, ~co | HcHO
Current - 0.390 0.4 7.0 none
1993 - 0.250 04 - 34 0.015°
TLEV 0.125 04 34 0.015
LEV 0.075 0.2 34 0.015
ULEV 0.040 0.2 1.7 0.008
ZEV* 0.000 0.0 0.0 0.000

*NMHC for current and 1993 standards, NMOG with reactivity adjustment for others.
*Methanol-fueled vehicles only.

‘Does not include power generation emissions.

~ The regulations require vehicle manufacturers to meet fleet average NMOG
standards that begin at 0.250 grams/mile in 1994 and are progressively reduced to a level
of 0.062 grams/mile in 2003. Any combination of TLEV, LEV, ULEV, ZEV and 1993
conventional vehicles can be used to meet the fleet average standards. A separate
requirement for the production of small percentages of ZEV begins in 1998. It is entirely
up to the vehicle manufacturers whether to build cars fueled with alternative fuels or not.
The manufacturers also receive a reactivity credit for California’s reformulated gasoline
specifications, called Phase II gasoline, that goes into effect in 1994.

B. Reactivity Adjustment

The Low-Emission Vehicles and Clean Fuels regulations use reactivity adjustments
to encourage the use of cleaner burning fuels without mandating any particular fuel.
Reactivity credits appear to be the only way to assure fair and equitable treatment for
both manufacturers of motor vehicles and for producers of all cleaner burning fuels. The
exhausts of most alternatively-fueled vehicles are too different from conventional
gasoline-fueled vehicles to assume that they have the same ozone-forming potential per
unit of mass emissions.

The downside in all this is readily apparent: first, determining a universal
reactivity scale is a matter of considerable complexity. Second, enforcing standards for a
wide range of certified fuels and vehicle technologies may turn out to be an even more
complex matter. Third, there have been virtually no studies of emission control system
durability for newer technologies and the effect of catalyst aging on the reactivity .of
exhaust em1ss1ons ' ~

_The regulations use the MIR:scale to define reactivity. The principal advantage of
this scale is that it defines reactivity where-hydrocarbon control has its greatest beneﬁts
in the upwind areas where the highest emission:densities:are found. This is" !
complementary to California’s NO, control program, which has its greatest benefit in the
downwind, peak ozone areas. Even though all hydrocarbons eventually react, there is
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little to be gained in designing a reactivity scale that is applicable only to areas where
hydrocarbon control has little or no:benefit. .More advantages of the MIR scale over other
approaches are the ease of RAF calculations, a single scale for usein the statewide
regulations, and a framework to easily incorporate chemical mechanism updates.

III.  Technical Issues

- Several ARB and industry-sponsored reviews of the MIR approach over the past
year, including the Reactivity Conference in Irvine, California in April 1991 and six
meetings of the ad hoc Reactivity Advisory Panel, identified a number of key technical
issues related to the development of the reactivity scale. .

A. Criteria Used in Deriving Reactivity Scales

Perhaps the most important objective of the work done over the past year has been
to establish a general set of principles and criteria for reactivity assessment that can be
used not only for calculation of the present scale, but for those in the future. Changes in
the criteria used to derive the reactivity scale would be much more likely to cause large
changes in the RAF's than advances in the knowledge of atmospheric chemistry or airshed
. conditions.

1. "Equal Air Quality" Criteria

Th ipl

result from reactivity-adjusted emissions that just meet the emissions standard. But
_what is meant by "equial air quality"? Unless all vehicles emit exactly the same types of
hydrocarbons, it is not possible to derive a single RAF that yields equal air quality
impacts in all places at all times. A RAF determined so that two vehicles have equal
impacts on peak ozone will, in general, be different from a RAF derived so that the
vehicles have equal impacts on integrated ozone. Therefore, specific criteria of what is
meant by "equal air quality” have been established. Since the main reason for regulating
ozone is to reduce impacts on human health, medical experts, not atmospheric chemists or
modelers, have determined these criteria. :

Two questions need to be addressed in relation to setting "equal air quality”
criteria for the ozone reactivity scale. First, which of several criteria should be used to
judge "equal air quality" for the purpose of calculating reactivity scales? Second, how
should the areas of ozone decreases and increases that result when two fuel/vehicle
combinations are compared in the airshed model evaluation of the reactivity scale be
weighted? The ARB health effects staff has consulted with other experts on ozone health
and welfare effects studies, including ‘staff from the Environmental Protection Agency
(EPA). The ARB staff’s conclusion is that both peak exposures and cumulative exposures
are important. Since the national and California ambient air quality standards:for ozone
are not expected to change from the current form of one-hour peak ‘exposure, and because
the California one-hour standard-is protective of. cumulative exposures, the reactivity : -
scales will be derived based on ozone peaks. The airshed model evaluation will .. - .
demonstrate a successful reactivity scale when ‘two fuel/vehicle combinations result in.
equal one-hour basin peak concentrations and equal ozone geographic dosage (in units of
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ppm-hours for all hours in all surface grid cells over land with absolute ozone
concentrations ghove 0.09 ppm).- (5

2. "Pollution Scenario” Criteria -

The second major issue is the set of criteria used to establish which.-models for
airshed conditions, or "pollution scenarios”, are used to calculate the reactivity scale. The
MIR scale was developed using the criteria that: (1) accurate representation of the
chemical mechanism and the chemical environment is more important to reactivity
calculations than accurate representations of physical characteristics of the scenarios; (2)
that approximate representation of a wide variety of airshed conditions was more
important than accurate representation of any single scenario; and (3) that the scenarios
employed be those in which hydrocarbon emissions have the largest eﬁ'ect on ozone.

An alternative to the first two of these criteria is the principle of using scenarios
that are as physically realistic as possible, i.e., using grid models. However, no one has
proposed developing a complete reactivity scale based on grid model calculations, since
separate simulations would be required for each of the more than one hundred
hydrocarbons. It is not impractical, however, to derive RAFs for given vehicles using this
method, which requires only direct calculations of reactivities of whole exhaust mixtures.
It is more difficult to do this for a comprehensive variety of airshed conditions, since grid
models are set up for only a limited number of scenarios. In addition, because of biases
and uncertainties in emissions inventories, one has no real assurance that a grid model is
any more accurate in representing chemical effects than the physically much simpler
Empirical Kinetics Modeling Approach (EKMA). In fact, just the opposite could be the
case. Given the uncertainty in emissions and representation of other airshed conditions, .
the ARB staff judged that the criterion of using a wide variety of scenarios be adopted.

3. Maximum Reactivity Criterion

The most controversial of the criteria underlying the MIR approach is the principle
of basmg the scale on airshed conditions where hydrocarbons have the greatest effect on
ozone, i.e., the "maximum reactivity" criterion. The use of this criterion has been

- criticized because it means that reactivity scales are calculated for conditions where NO,
levels are higher than those where peak ozone levels occur. Many believe that
alternatives, such as basing the scale on conditions where peak ozone levels occur or on
averages of airshed conditions regardless of sensitivity of ozone levels to hydrocarbon
controls, are more appropriate. The principle behind use of the maximum reactivity
criterion is that, in California, the hydrocarbon controls are being implemented in
conjunction with NO, controls. NO, controls are being implemented to reduce ozone
under conditions that are sensitive to NO,, and hydrocarbon controls to reduce ozone
under conditions sensitive to hydrocarbons. The ARB staff believes that the maximum
reactivity criterion is the most appropriate in this context. Even though all hydrocarbons
eventually react, there is little to be gained in designing a reactivity scale that is

applicable only to areas where hydrocarbon control has.little or no benefit. ThlS aspect

has been missing in previous critiques of the MIR approach.

In addition to the MIR scale, Carter developed the maximum ozone reactivity
(MOIR) scale for maximum ozone conditions. If this alternative had provided a better fit
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to the airshed modeling results than the MIR scale, thé ARB staff would have
recommended its use for calculating the RAFs. ‘ :

B. Uncertainty in Understanding of Atmospheric Chemistry

Computer model calculations can:be used to estimate hydrocarbon reactivities.
The reliability of these calculations depends. on the accuracy:of the chemical mechanism
used in the model. Atkinson (1990) has recently reviewed and discussed the status (as of
‘mid-1989) of the knowledge of the atmospheric chemistry of organic gases. While there
are numerous areas of uncertainty, major uncertainties concern the reaction mechanisms
of.alkanes with five or more carbon atoms and aromatic hydrocarbons with the hydroxyl -~
radical, and of alkenes with ozone. The MIR and MOIR scales were calculated using the
chemical mechanism developed by Carter (1990), commonly called the SAPRC90
mechanism. The mechanism includes measured or estimated rate constants and other
mechanistic parameters for the more than one hundred organic gases that comprise the
bulk of vehicle emissions, allowing their reactivities to be calculated. Detailed
mechanisms for approximately twenty species have been tested against environmental
chamber data. Even in these cases, there are many uncertainties concerning details of
the individual reactions and products, and in some cases (particularly for aromatic
hydrocarbons) empirical mechanisms with adjustable parameters have to be used to "fit"
the environmental chamber data. . The mechanisms for the other organic gases are based
on interpolations and extrapolations from the mechanisms for the twenty well-studied
species, or on estimates that rely on laboratory data and theoretical considerations.

The uncertainties in the chemical mechanisms do not have much effect on
BaL i - arminatiens-for fuels-whese-emissions g-& ’i'\i'iiii-i;iﬁ;{i‘li“: few-sSpacics _such___i,,,,i,,,,_
as ethene, methanol, or formaldehyde, with well-tested mechanisms. The major

uncertainty concerns the reactivity of the conventional gasoline against which alternative
fuels will be compared. One important benefit of the interest in réactivity-based’ '
¢ hydrocarbon controls is that it has served as a catalyst for increased support of kinetic,

product, and mechanistic studies by government agencies and industry research groups.

14 B3L8rin Y 36 8805

1. Comparison of SAPRC90 with Other Chemical Mechanisms

It was noted at the Reactivity Conference that SAPRC90 contains a number of
estimates that are, in effect, Carter’s "personal opinion", and that others have made
different estimates. Only Derwent and Jenkin (1991) have made a comparable attempt to
estimate the atmospheric reactions of a comprehensive set of hydrocarbon for the purpose
of reactivity calculations. Their reactivity scale has significant differences from both the

. MIR and MOIR scales calculated using SAPRC90, but it is not clear if this is attributable
to differences in the mechanisms or to differences in the airshed scenarios. All other ‘
current mechanisms, such as Carbon Bond IV (CB4), LCC (a 1987 predecessor of
SAPRC90) and RADM-II, are condensed mechanisms designed primarily to simulate
reactions of complete atmospheric mixtures, rather-than for calculations of reactivities of
individual hydrocarbons. They can, in principle, be:used to calculate reactivities for any
hydrocarbon for which "lumping” rules have been derived.. But only reactivity calculations
for species which they can represent without "lumping" can have a potential claim to
chemical accuracy comparable to those of detailed: mechanisms such as Carter’s or
Derwent’s.
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The CB4 and LCC are the only mechanisms that have been compared with
SAPRC90 using the same scenarios.. The CB4 reactivity scales showed many similarities
and a few differences with those derived using SAPRC90, 'with the greatest differences
being for toluene and formaldehyde reactivities under MOIR conditions. As shown on
Table II, the differences between these two mechanisms in calculations of the RAF range
from 0 to 8% for MIR conditions and 3 to 12% for MOIR conditions. The differences
between SAPRC90 and LCC are even smaller.

Table II Effect of different chemical mechanisms on RAFs.

’ Reactivity Adjustment Factors _
Fuel® MIR MOIR
SAPRC90 CB4 Lce SAPRC90 CB4 Lcet
(1990) (1990) - (1987) (1990) (1990) (1987)
Base 1.00 1.00 - 1.00 1.00 1.00 1.00
M85 0.37 0.39 0.37 0.39 . 0.40 0.38
LPG 0.50 0.54 0.50 0.59 0.66 0.60
CNG 0.18 0.18 0.17 - 0.23 022 0.22
E85 0.63 0.64 0.62 0.77 0.82 0.70

*Composite speciation profiles from vehicles that met the TLEV standards (ARB 1991b):
Base - U.S. industry average gasoline
M85 - 85% methanol/15% U.S. industry average gasohne blend
LPG - Liquefied petroleum gas
CNG - Compressed natural gas
E85 - 85% ethanol/15% U.S. industry average gasoline blend
(did not meet TLEV NMOG standard) ’ :
*Computed with surface photolysis rates. Others rates at 640 meters.

2. Peer Review of SAPRCSO

The ARB staff considers SAPRCSO to be the most appropriate of the currently
available mechanisms for calculating reactivity scales. Unlike Derwent’s mechanism, it
was tested as much as possible against environmental chamber data and, unlike CB4,
LCC and RADM-II, it was specifically designed for calculating reactivities of individual
organic gases. However, it was clear that the assumptions underlying SAPRC90 should
undergo thorough peer review, and that a systematic estimate of effects of chemical
uncertainties on its reactivity predictions be carried out. Dr. Michael Gery, a recogmzed
expert in the field of atmosphenc chemistry, was retained by ARB staff to review and

~_critique SAPRC90. The review was done on two levels, theoretical and operational. The

theoretical level review examined the principles and assumptmns behind the mechanism.
Gery focused on what was reasonable for Carter to have done; given the state of the
science (i.e., considering the limitations in chemistry knowledge, environmental chamber :
data and the need for condensed mechanisms because of computer limitations). The
operational level review was to assure that Carter had correctly translatéd his chemical
mechanism into computer code.
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In his peer review, Gery (1991) found that, while the mechanism was basically
sound, there were several areas where updates would be desirable. Those characterized
as "needed updates” included: (1) updates to the formaldehyde ultraviolet absorption
cross sections; (2) updates to the rate constants involved in the peroxyacetyl nitrate (PAN)
formation reactions; (3) re-examination of assumptions used in representing unknown
portions of the aromatic mechanisms; (4) addition-of several organic gases;-and (5) fixes of -
several minor errors found in the program and data used.to derive the mechanistic
parameters for the alkanes. i

The recommendations given lower priority included: (6) re-examination of
assumptions used to derive nitrate yields from the alkanes; (7) use of measured OH
radical rate constants for alkanes where available, rather than estimates; - .
(8) re-examination of the method used to represent cycloalkenes; (9) re-examination of the
method used to represent isoprene; (10) updates of several nitrate radical (NO,) + alkene
rate constants; and (11) update of products from the NO, + HO, reaction.

Gery had a number of other "significant concerns" regarding treatments of many
areas of uncertainty in the mechanism where he might have made different assumptions,
or where further work is clearly needed. However, he recognized that addressing these
latter concerns is a longer term research need that cannot be addressed in this round of
the RAF calculations, and recommended that.the present effort be restricted to the
priority items listed above. :

3. Updates to SAPRC90

Carter concurs with most of Gery’s recommendations, and will find his review of

" major utility when updating the mechanism in the coming years. Unfortunately, there

was insufficient time to make all the modifications to the mechanism that Gery
characterized as "needed updates” prior to the calculation of the RAFs. This is because
major modifications of the mechanism which would significantly affect its predictions
would require re-evaluation against the environmental chamber data used in the
mechanism’s development. In particular, it was found when the formaldehyde and PAN
kinetics updates were incorporated, the mechanism exhibited a significant positive bias
(on the order of 25%) in simulations of the chamber runs. This bias may be due to either
the chemical mechanism or the representation of chamber conditions. An EPA-funded
project, conducted by Professor Harvey Jeffries, with support from Carter, Gery and
others, to review and evaluate the environmental chamber base was (and continues to be)
well behind schedule, as was a component to develop a chemical mechanism evaluation
protocol. ]

Based on the recommendations of Gery, Jeffries and other modeling experts on the
ad hoc Reactivity Advisory Panel, it was decided that it would be more prudent to
calculate the RAFs using a mechanism which has already been evaluated and documented
in the refereed literature, rather than to make partial updates without time to adequately
evaluate their effects. Therefors, the changes to the mechanism were restricted to only
those affecting individual NMOG for' which there is no significant evaluation data base. A
major update to the SAPRC90 mechanism will not be completed before 1993 at the
earliest, and will be used for the scheduled 1994 update to the reactivity scale. Concerns
about the correctness of the mechanism are partially alleviated by the minor effect on the
RAF's of.previous major updates to the mechanism (see Table II).
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It should be noted that there:are a few cases where Carter disagreed with Gery’s
recommendations. Carter did not think it was advisable to make major changes to the
representation of the uncertain portions of the aromatic mechanisms without
incorporating new information concérning the effects of aromatic product yields on NO,,
and completely evaluating the consequences of these changes. There was insufficient time
available to do this. In addition, Carter does not agree with Gery-(and Jeffries) that the
shape of the action spectrum used for the unknown products will necessarily introduce a
bias into the simulations. These products probably include unsaturated carbonyl
compounds, which may be similar in some respects to acrolein. Carter found that using
the action spectrum for acrolein (with unit photodecomposition quantum yields) to
represent those unknown products gives essentially the same results in simulating the
environmental chamber data, including outdoor chamber runs, as the spectrum used in
SAPRC90. Therefore, while the true action spectra for these products are unknown,
Carter did not believe the representation in the present model needed to be updated
before proceeding with the RAF calculations.

As noted above, Gery made a number of recommendations for updates for
individual NMOG which could be implemented. Other updates not noted by Gery were '
also made. The errors in the alkane parameter calculation program were corrected, and
the measured alkane + OH rate constants were used whenever available. Rate constants
for the reactions of alkenes with NO,, ozone, and O(°P) atoms were updated. (No
significant updates were found to be needed for the alkene + OH reactions.) The
representation of the ozone + cycloalkene reaction was corrected so the overall radical
yield was assumed to be the same as for other internal alkenes. (The parameterization in
the previous mechanism caused the fragmentation yield to be half as much as other
alkenes, which is not what would be estimated.) Errors found by Gery concerning some . -
of the higher alcohols were also corrected, although none of these are needed for the RAF
calculations. A number of alkane and alkene species were added to the list of NMOG
which could be separately represented. Therefore, although the common portions of the
mechanism which affect reactivities of all NMQG were not significantly changed, there
are a number of updates concerning reactions of individual NMOG.

4. Assessment of Effects of Chemical Uncertainties

The assessment of chemical uncertainties on a NMOG’s reactivity can be aided by .
considering separately the uncertainties in a NMOG’s "kinetic reactivity" and its
"mechanistic reactivity”. The kinetic reactivity of a NMOG is the fraction of emitted
NMOG which undergoes reaction in the ozone episode; mechanistic reactivity is the
amount of ozone formed when a given amount of the NMOG reacts. The kinetic reactivity
is determined by rate constants for the NMOG’s initial reactions in the atmosphere. The
uncertainties in the kinetic reactivities are easy to quantify, since evaluations of kinetic
data generally give uncertainty ranges for the measured values. Translating
uncertainties in rate constants to uncertainties in kinetic reactivities is relatively
straightforward, and can be done without having to. explicitly recalculate all reactivities.

Determination of uncertainties in mechanistic reactivities is much. more: diffiendt,
since it depends on a large number-of parameters, environmental as well as mechanistic.: -
Without carrying out a systematic evaluation’ of the effects of all these parameters (and - ;
making guesses as to their ranges of uncertainty); the only approach Carter could use was
to make largely subjective estimates of likely uncertainty ranges. These are given in
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Table ITII. These estimatestare based in part on: (1) the estimated uncertainty ranges of
parameters which are important in affecting mechanistic reactivity and the reactivities of
"pure mechanism" species éorresponding to these parameters (Carter and Atkinson, 1989); .
(2) sensitivity calculations on effects of alternative assumptions on mechanisms of the
NMOG; (3) differences. between mechanistic reactivities for CB4 and SAPRC90 for those
species which CB4 represents explicitly; and (4)-an arbitrarily assumed minimum - 8
uncertainty of 20% for all mechanistic reactivities of all NMOG. For.some NMOG whose
mechanistic reactivities are determined by.combinations of mechanistic characteristics
which have opposing effects on reactivity, such as the. alkanes and the aromatic
hydrocarbons under maximum ozone conditions, it is more meaningful to express . _
uncertainties in terms of an absolute number of ozone per NMOG reacted, rather than a
relative factor. -

5. Updates to MIR Scale Every Three Years

Of course, assessing the uncertainties in- SAPRC90 and comparing its predictions
to other mechanisms will not solve the underlying problems causing these uncertainties.
These can only be addressed by fundamental studies aimed at improving the knowledge of
the atmospheric reactions of hydrocarbons, and environmental chamber experiments to
test the models for these reactions. Research of this type is being sponsored by the Board
and others, so the knowledge in these areas will continue to advance, and the mechanisms
will improve accordingly. The ARB staff welcomes involvement by other interested
parties in such research. :

ctivity

scale will be subject to re-calculation at three-year intervals using the mechanism
reflecting the current knowledge. It is expected that changes in the chemical mechanism
alone will not greatly change the RAFs for vehicles whose emissions are dominated by a
few species, such as ethene, methanol or formaldehyde, whose mechanisms are already
well tested. However, industry must be prepared to anticipate and deal with the changes
that may occur, since the Board intends to base all of its regulations on the best available
kinetic and mechanistic data. ‘ :

C. Representation of Airshed Conditions®
1. EKMA Conditions

The EPA provided EKMA model inputs for the 1986 to 1988 ozone design values
for thirty-nine cities across the United States (Baugues 1991). The initial NMHC and
NO, concentrations were based on the median of levels measured during all days
exceeding 0.124 ppm or the top ten episodes if more than ten exceedances were measured
during the NMHC sampling period. Ozone concentrations aloft were based on downwind
measurements made just after the morning increase in the mixing height. Hourly
emissions by county were.obtained from the 1985 National Acid Precipitation Assessment
Program inventory. These represent weekday emissions for the appropriate season of the -
year. Motor vehicle emissions were'computed using MOBILE3.9 -using sedasonal activity
levels, but annual-average temperature. Biogenic hydrocarboniemission estimiates were_
also included. EPA is preparing an.update with day-specific motor vehicle emissions
(based on MOBILE4 with day-specific temperatures and county vehicle miles traveled),
but the results were not available in time for the reactivity calculations. " “#..: v -
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Table III Mechanistic react1v1ty uncertamty estimates for MIR and MOIR

_conditions.

Organic Gas Class

Mechanistic Reactivity Uncertainty (moles ozone/mole C)

MIR MOIR
CcoO 15% 20%
Alkanes '
C,to Cy greater of 20% and 0.5/#C greater of 20% and 0.2/#C
C, and aboye 0.5/#C" 0.25/#C"
cycloalkanes 0.6/#C® 0.3/#CP
Alkenes .
ethene 20% 20% -
propene 25% 25%
C, 30% 30%
Cs and above 40% 50%
dialkenes 50%° 50%°
cycloalkenes - 50% 50%
Alkynes 50% 50%
Aromatic Hydrocarbons 30% 0.35¢
styrene 50% - 0.24
Oxygenates
methanol 20% = 20%
ethanol 20% 20%
formaldehyde 40%° 30%"°
acetaldehyde 40% 30%
propionaldehyde 40% 30%
_acetone 40% 30%
acrolein 50%° 50%°
methyl ¢-butyl ether 20% 30%
_ ethyl ¢-butyl ether 40% 30%

°Relative uncertainties unless otherwise indicated.
*Absolute uncertainty. #C is the number of carbons in the alkane.
‘Uncertainty primarily due to inappropriateness of mechanism. More accurate

mechanisms can be derived for 1, 3-butadiene, isoprene and acrolein, but were not used in

- these calculations.
‘Absolute uncertainty.

‘High uncertainty primarily due to sen51t1v1ty to ambient NMOG speciation.

11
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Several changes were made to the EKMA scenarios. Professor James N. Pitts has
noted that nitrous acid (HONO), an important radical initiator, is not normally included
in EKMA and other photochemical models. A constant HONO to NO, ratio of 0.02 was
used to specify initial conditions, with a ratio of 0.001 for emissions. These ratios
represent typical values found in urban areas. Initial and transported conditions for
methane were set at the current global background estimate of 1.79 ppm.. Zero' NO, was .
used aloft instead on EPA’s value of 2 ppb. The SAPRC90 mechanism for biogenic
emissions of isoprene and o-pinene was used with unknown biogenic hydrocarbons treated
as o-pinene. Parameters to calculate photolysis rates at 640 meters, the approximate
average mid-point of the mixed layer during daylight hours, were provided by Jeffries.

Dr. William Lonneman of EPA made extensive speciated NMHC measurements
around the country in 1987 and 1988, including the 1987 Southern California Air Quality
Study (SCAQS). The 1987-88 all-city average profile was found to be similar to the 1987
SCAQS profile. The all-city average was used since it is a more robust data base.
Previous calculations by Carter (1991) used the EKMA-recommended default value of a
two percent mass fraction for formaldehyde and a three percent mass fraction for
acetaldehyde. These default values are not measurement-based. The current calculations
used the SCAQS measurements of one percent for both formaldehyde and acetaldehyde.
The SCAQS data base is the only one in an urban area with higher (>C,) aldehyde
measurements. The existence of higher aldehydes in ambient air has been confirmed by
gas chromatography/mass spectrometer measurements in other parts of California. The
SCAQS higher aldehyde measurements, reduced by a factor of two because of problems
with the blank corrections, were used in all thirty-nine cities.

© 7 2 Sensitivity Tests of Reactivity Scales— -~~~

Carter performed a series of sensitivity tests to investigate the effects of
uncertainties in HONO levels, photolysis rates and ambient NMOG speciation on the. MIR
and MOIR scales. ‘The results are shown in Table IVab. The largest effect on a RAF was -
a 5% decrease for E85 when photolysis rates were computed at the surface. The
reactivities (relative to the ambient NMOG speciation profile) of many slower reacting
organic gases also drop with the use of surface photalysis rates, while the relative

. reactivity of formaldehyde increases when HONO. is set to zero, especially for MIR
conditions.

Table IVa  Effect of HONO, photolysis and ambient NMOG on RAFs.*

Reactivity Adjustment Factors
Fuel _MIR | | MOIR
| Base | HONO | hv | NMOG | Base | HONO| hv | NMOG

Base 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
M85 0.39 0.40 0.38 | 0.39 041 0.43 0.42 0.41
LPG 0.51 0.52 0.50 0.52 0.60 0.60 0.59 -0.60
CNG 0.18 0.18 0.17 0.18 0.21 0.22 0.21 0.21
ES85 0.63 0.62 0.60 0.64 0.70 0.70 0.67 0.71
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Table IVb  Effect of HONO, photolysis and ambient NMOG on relative reactivities
of individual organic gases.” -

Reactivity Relative to Base Ambient NMOG Speciation Profile (mass basis)
Orgénic Gas - . ' MIR MOIR
Base HONO hv | NMOG Base HONO hv- - NMOG
Carbon Monoxide 0.022 0.020 0.018 0.022 0.038 0.037 0.036 0.039
Methane 0.0058 | 0.0053 | 0.0049 0.0060 0.0085 0.0085 0.0081 0.0087
Propane 0.17 0.16 0.145 0.18 0.25 0.24 0.23 0.25
n-Butane. 0.35 0.32 0.30 0.37 0.49 0.48 0.46 0.50
n-Octane 0.21 0.18 0.17 0.22 0.29 0.27 0.25 - 0.30
Branched C, Alkanes 0.39 035 | 0.33 0.40 0.48 0.46 0.44 0.50
Ethene 2.6 2.5 2.5 2.6 3.0 2.9 3.0 3.0
Propene 3.0 2.9 ‘3.0 3.0 3.2 3.2 3.2 3.2
Isobutene _ 1.7 1.7 1.8 1.7 1.7 1.8 1.9 1.7
* trans-2-Butene - 3.0 3.1 3.1 2.9 3.1 3.2 3.2 3.1
Benzene 0.145 0.138 0.134 0.146 0.119 0.111 0.109 0.116
Toluene 0.88 0.87 0.88 0.88 0.53 0.50 0.52 0.53
m-Xylene 2.6 2.6 2.8 2.6 2.2 2.2 2.3 2.2
1,3,5-Trimethylbenzene 3.2 3.3 34 3.1 2.8 2.9 3.1 2.8
Methanol 0.21 0.20 0.19 0.22 0.26 0.26 0.25 0.27
Ethanol 0.44- 0.40 0.38 045 | 051 0.49 0.46 0.52
Formaldehyde 2.2 2.7 2.4 2.1 2.0 2.3 2.2 1.9
Acetaldehyde 1.7 1.7 1.7 1.7 1.8 1.8 1.7 1.8

*Using "average conditions" scenario (Carter 1991).

Conditions for Sensitivity Tests

Base -  Conditions of current reactivity calculations with HONO = 2% of initial NO,
and 0.1% of NO, emissions; photolysis rates computed at 640 meters; EPA
all-city NMOG with SCAQS measured aldehydes.

HONO - No initial or emitted HONO.

hv - Photolysis rates computed at surface.

NMOG - EPA all-city NMOG with EPA assumed aldehydes. °

IV. Airshed Model Evaluationé of the MIR Approach
A. Evaluation of Individual Reactivities
The MIR scale was calculated with an EKMA-like, chemically detailed,

one-dimensional model that operates with one-day simulations and lacks physical detail.
At issue is whether this is an adequate representation of actual. ozone episodes, which ...

tend to extend over several days in California, and whose severity is strongly dependent
on meteorological conditions. Russell and coworkers (McNair et al. 1992)-addressed this -
issue by computing incremental reactivities with a physically detailed, three-dimensional
airshed model for a severe, three-day stagnation episode in Los Angeles when the daily
ozone maximum was limited by the availability of NO,. Because airshed models are, of
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necessity, formulated with condensed chemical mechanisms, incremental reactivities were
derived for only eleven individual and "lumped" organic gases. As shown in Table V,
despite large differences in the physical details and NO, availability of the two modeling
approaches, the agreement between the airshed modeling and the MIR scale is within
15% for most organic gases. Poorer agreement was found with the MOIR scale, with
differences larger than 25% for most organic gases. . ' :

Table V Comparison of CMU airshed model results with Carter reactivity scales.

Incremental Reactivity Relative to CO (mass basis)
Organic Gas (Slass Airshed Model Carter Reactivity Scale
Exp>0.12 ppm MIR MOIR
co | 1 1 1
Alkanes '
C, and above 27 24* 21*
Alkenes
ethene 120 135 4 83
C, and above 154 163" 90°
Aromatic Hyérocarbons
"~ |- toluene 57 51 12
| xylenesandabove — | 198 156° _ 67 T
Oxygenates :
methanol 11 10 7
ethanol _ 17 25 : 19 :
formaldehyde 175 132 55
higher aldehydes 85 102¢ 574
methyl ethyl ketone 23 22 : 14
methyl z-butyl ether _ ... 13 . 11 - ‘11

*Averaged reactivities of n-butane, branched C; alkanes and Branched C, alkanes.
*Averaged reactivities of propene, C, alkenes and C, alkenes.
‘Averaged reactivities of xylenes and trimethylbenzenes.

" Reactivity for acetaldehyde. :

B. Evaluation of RAFs

There have been concerns expressed as to whether the MIR scale will lead to
fuel-neutral RAFs. This issue can be addressed by implementing the regulation in an
airshed model using the so-called "null test”. That is, if an increased amount (based on
the RAF) of less reactive organic emissions is substituted for conventional gasoline in the
baseline emission inventory, then the ozone should remain unchanged.
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1. Model Applications.

Russell evaluated the RAF's with the results of his airshed model for the August 27
to 29, 1987 SCAQS episode. The modeling simulations were performed with two different
emission inventories. The 2010 emission inventory with Tier I controls represents a low
hydrocarbon to NO, ratio.” Because of concerns that the low hydrocarbon to NO, ratios
predicted by airshed models will bias the comparison in favor of the MIR scale, the 1987
emission inventory with motor vehicle hydrocarbon exhaust multiplied by two was also
used. The August 30 to September 1, 1982 episode was also simulated with the 1987 and
2010 emission inventories to provide a different set of meteorological conditions. HONO
emissions were not added to eitheér episode because the model creates HONO with
night-time reactions. Biogenic hydrocarbon emissions and chemistry were not included
because of their negligible contribution to ozone concentrations in the South Coast Air
Basin.

2. Motor Vehicle Profiles

Only profiles from vehicles that met the TLEV emission standards (ARB 1991b)
were processed. Simulations were performed for vehicles fueled with the U.S. industry
average gasoline, CNG, M85 and LPG. These four fuels lead to very different exhaust
profiles, and provide a very stringent test of the reactivity scale. Data from testing
programs conducted by ARB, the Auto/Oil Program and Chevron Resedrch and Technology
~ were averaged to create composite profiles.

The Auto/Oil Program protocol for processing the hydrocarbon emission profiles
was followed. The main departure from previous work (Russell et al. 1991; Smylie et al.
1990; Dunker 1991) is that a more realistic distribution of mass emissions between cold
start, running and hot start exhaust emissions was used (see Tables VIab). Temperature
and speed corrections to the data were not available. Evaporative emission rates and
speciation proﬁles were not changed from the baseline vehicle fleet. Carbon monoxide
and NO, emissions were unchanged from the base case. These assumptmns are not
reahstlc but did allow a fair test of the way the reactivity scale is being applied in the
ARB reg'ula'aons

The emission inventories for each fuel were adjusted by the proposed RAF (ARB
1991b). While the airshed model uses a different chemical mechanism than that used to
calculate the MIR scale, Table VII shows that the LCC mechanism gives virtually the
same RAFs, except for E85. The results do not depend on whether ambient or emission
inventory $peciation is used. :
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Table VIa Exhaust emissions distribution for test data for TLEVs.

Percent of Mass in Each Exhaust Mode
Vehicle Type 1987 Activity Data . 2A010 Activity Data
Cold Run Hot Cold . Run Hot
Base 72 22 6 71 24 5
M85 95 4 1 95 4 1
LPG 60 26 14 59 28 13
CNG 7 91 2 7 92 1

Table VIb Exhaust reactivity-weighted emissions distribution for test data for

TLEVs.
Percent of Reactivity in Each Exhaust Mode
Vehicle Type 1987 Activity Data 2010 Activity Data
Cold Run Hot Cold Run Hot

Base 78 17 5 17 19 4 S—

— — ] 87 11 2 86 12 2

- LPG 71 21 8 70 23 -7

CNG 33 65 2 31 67 2

Table VII RAFS for reactivity scales based on SAPRC90 and LCC.

Reactivity Adjustment Factors
Fuel MIR ___ MOR
SAPRC90 LCC* LCC w/EI* | SAPRC90 LCC® LCC w/EI*

Base 1.00 1.00 1.00 1.00 1.00 1.00
M85 . 0.37 0.36 0.37 0.38 0.38 0.38
LPG - 0.50 0.50 0.50 0.59 0.60 0.59
CNG 0.18 0.17 0.17 0.23 0.21 0.21
E85 0.63 0.60 0.58 0.77 0.69 0.67

*Computed with surface pHotolysis rates, -airshed model uses higher values aloft.
MEK + OH reaction not fixed.
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3. Null Test .Results

The air quality impacts were calculated relative to a case with no TLEV NMOG
emissions. A null test result of 1.00 in Tables VIIIab indicates no bias. A result greater
than one indicates a bias against the base gasoline, while a result less than one indicates
a bias against the alternative fuel. The modeling protocol document established that the
one-hour basin peak concentrations and ozone geographic dosage (in units of ppm-hours
summed over all hours in all surface grid cells over land with absolute ozone
concentrations above 0.09 ppm) should be within 25%. Later, it was decided that the 25%
criterion was too loose, and that the dosage should be population-weighted. The null test
results for the more typical 1987 episode, with some deviations (less than 10%) from equal
ozone impacts; are very encouraging. The deviations in the peak ozone results are not
important, since the ozone peaks are relatively insensitive to changes in NMOG
emissions. The ozone peaks were predicted far downwind near the eastern boundary of
the modeling domain (past Palm Springs, more than 100 miles from the major source
areas). Distant downwind areas are relatively insensitive to hydrocarbon emission
changes, so the null test results are the ratios of two very small numbers.

In early November, 1991, it was found that the LCC mechanism documentation
incorrectly states one of the products of the methyl ethyl ketone (MEK) reaction with OH.
The consequence of this mistake is that the reactivity of MEK will be overstated by about
a factor of two and the reactivity of alkanes and MTBE will be overstated by a lesser
amount. Only one of the cases (1982 episode, 2010 inventory) has been run with the MEK
mechanism fixed, which generally resulted in a 5% improvement. Because of the good
agreement between the MIR scale and the airshed modeling results for individual and
lumped organic gases, these deviations from unity for the null test are more likely due to
differences in spatial and temporal patterns of emissions between vehicle fleets, rather
than a problem with the MIR approach. The fleet with the highest cold-start emissions
(M85), which have longer to react in comparison to the conventional gasoline fleet, had -
the highest null test results, while the fleet with the lowest cold-start emissions (CNG),
had the lowest null test results. Russell plans to investigate this issue further.

The approximately 10% bias in the population-weighted dosage results for the
“ higher 1982 episode are of concern. The only formally adopted RAF to date, a value of
0.41 for M85 vehicles, includes a 10% increase based on the airshed modeling results.
When more vehicle test data become available for the other alternative fuels, airshed
modeling will be performed to determine a fuel-specific RAF correction.
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Table VIIIa Null test results for CMU airshed model simulations of 1987 episode.

Null Test Result

Ozone Statistic: 1987 Inventory*® - 2010 Inventory®
M85 LPG | CNG | M85 | LPG | CNG
"Basin peak® 1.24 1.36 1.18 091 | 1.36 1.73
Grid hours > 0.09 ppm 1.02 1.02 0.84 1.01 1.14 0.84
Grid hours > 0.12 ppm 1.05 1.07 0.89 1.01 1.12 0.92
ppm-hours > 0.09 ppm 1.04 1.05 0.90 1.00 1.15 0.91
ppm-hours > 0.12 ppm 1.05 1.09 0.93 1.00 1.16 0.97
10° Person-ppm-hours > 0.09 ppm 1.03 1.00 0.77 1.02 1.09 0.74
10° Person-ppm-hours > 0.12 ppm 1.05 1.03 0.79 1.01 1.14 0.83

Table VIIIb Null test results for CMU airshed model simuiations of 1982 episode.

Null Test Result

Ozone Statistic 1987 Inventory®® 2010 Inventory
M85 LPG | CNG | M8 | LPG | CNG
Basin peak® 1.10 1.13 1.08 1.12 1.29 0.94
Grid hours > 0.09 PpPm 1.23 121 | 1.18 1.14 1.09 0.94
Grid hours > 0.12 ppm 1.18 1.19 1.16 1.14 1.11 1.04
ppm-hours > 0.09 ppm 1.20 | '1.22 1.17 1.13 112 { 1.01
ppm-hours > 0.12 ppm 1.18 1.20 1.15 1.12 1.12 1.06
10° Person-ppm-hours > 0.09 ppm 1.05 1.02 0.89 1.10 1.05 | 0.86
10° Person-ppm-hours > 0.12 ppm 1.07 1.05 0.89 1.10 1.05 0.86

*With motor vehicle hydrocarbon exhaust multiplied by two.
*MEK + OH reaction not fixed, null test results likely to be smaller.
‘Far downwind ozone peak near boundary (past Palm Springs). Peak relatively
insensitive to hydrocarbon emission changes, so ratio of two small numbers.
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Summary of Test Results
for CNG-Fueled Vehicles

Species NMOG CH4 Cco NOx
‘| Vehicle Test # |Table # Test Date |(mg/mi) | {g/mi) | (g/mi) | (g/mi)
Ford 3C1  |lil-5e 10/22/91 . 55.81| 1.298( . 1.16] 0.392
Taurus 3C2  |lll-Be 10/23/91| -43.44| 1.185|- 1.03| 0.386|
{iImpco) 3C3 _ |(lu-5f 10/29/91 40.24| 1.208| 0.94| 0.516
Mean 46.49f 1.230{ 1.04] 0.431
|Ford 4C1  [lll-5g 10/25/91| . 38.62] 0.832] 2.88| 0.158
Taurus 4C2 |ll-5¢ 10/29/91| 31.60| 0.797| 2.58| 0.251
(S&S) 4C3 |liI-5h 10/30/91 - 40.78| 0.797 2.25| 0.289
4C4  1ill-5h 10/31/91| 51.83| 0.825| 2.35| 0.328
Mean 40.71| 0.813{ 2.51| 0.257
Chevrolet | 1C6 . [lll-5i 10/29/91| 108.65| 2.099| 1.07| 0.162
Astrovan 1C7  [HI-5i 10/30/911  95.75| 2.067| 0.87| 0.197|
1C8_ |lIl-5j 10/31/91] 129.36] 2.082| 0.66] 0.255
Mean 111.25) 2.083| 0.87] 0.207
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* Table III-5j
Speciated FTP Results
Chevrolet Astrovan

mg Ozone/| Test 1C8A, 10/31/91
mg NMOG| NMOG Ozone (mg/mi)
Light-End Species MIR_MOR! (mg/mi) . MIR MOR
Ethane 0.25 0.17| 88.73 22.18 15.08
Ethene 7.29 3.16] 11.98 87.30 37.84] .
Propane 0.48 0.31] 1042 5.00 3.23|
Ethyne 0.50 0.33 0.38 0.19 0.12
Methyipropane 1.21 0.73 0.91 1.1 0.67
Butane 1.02 0.66 1.85 1.88 1.22
_[Propene 8.40 3.77 2,62 24.65 9.88
Methylbutane 1.38 0.87 0.58  0.80 0.50
Pentane 1.04 0.68 0.47 0.49 0.32
1-Butene 8.91 3.51 0.68 5.91 2.33
2-Methylpropene 5.31 1.93 1.24 8.60 2.40
Light-End HC Subtotal 119.84 156.11 73.60
mg Ozone/| Test 1C8A, 10/31/91
mg NMOG| NMOG Ozone {mg/mi)
Mid-Range Spacies MIR  MOR| (mg/mi) MIR MOR
"[1,3-butadiene 10.88 4.16 0.03 0.27 0.10
‘| 2-Methylpentane 1.83 0.80 0.17 0.26 0.15
n-Hexane 0.98 0.65 0.20 0.20 0.13
Benzene 0.42 0.14 0.54 0.23 0.08
2,2,4-Trimethylpentane + Alkene 259 1.11 0.27 0.70 0.30
Toluene + C8H18 2.73 0.63 0.34 0.92 0.21
2,2,5-Trimethylhexane 0.87 0.58 0.11 0.11 0.06
" - |m & p-Xylanes 7.38 2.22 0.12 0.85 0.26
Mid-Range HC Subtotai 1.77 3.53 1.29
—
mg Ozone/| Test 1C8A, 10/31/91
mg NMOG| NMOG Ozone (mg/mi)
Oxygenates MIR  MOR| (mg/mi) MIR MOR
Formaldehyde 7.1 2.08 6.09 4355 12.67
Acstaldehyde 5.52 2.17 0.81 4.46 1.78
‘Acrolein 6.77 2.59| 0.21 1.45  0.56
Acstone 0.56 0.20 0.48 0.27 0.10
Propionaldehyde 6.53 2.50 0.16 1.07 0.41
Oxygenates Subtotal 7.76 50.80 15.48
Test 1C8A, 10/31/91
NMOG Ozone (mg/mi)
NMOG Summary {mg/mi) MIR MOR
Light-End Species 119.84 156.11 73.60
Mid-Range Species 1.77 3.53 1.29
Oxygenates 7.76 50.80 15.48
Total 129.36 210.43 90.38
Ozone/NMOG _ 4 ———363- OO0




Table III-5i . -
Speciated FTP Results

Chevrolet Astrovan

e

mg Ozone/| Test 1C6, 10/29/91 Test 1C7 , 10/30/91
mg NMOG] NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Light-End Species MIR_MOR| (mg/mi) MIR: “MOR| (mg/mi) - MIR . MOR
Ethane 0.25 0.17] 7490 18.73 12.73} .55.08 . .13.77 . 9.36
Ethene 7.29 3.18 8.14 593.31 .25.71 9.68 70.60 30.60
Propane 0.48 0.31 8.05 3.86  2.49 9.00 432 - 2.79
Ethyne 0.50 0.33 0.31 0.15 0.10 0.38 0.19 0.13
Methylpropans 1.21 0.73 0.96 1.17 0.70 0.72 0.87 0.52
Butane 1.02 0.66 1.73 1.76 1.14 0.89 0.91 0.59
Propene 9.40 3.77 207 1%.42 7.79 2.66 24.98 10.02
Methyibutane 1.38 0.87 0.59 0.81 0.51 0.10 . 0.13 0.08
Pentane 1.04 0.68 0.33 0.34 0.23 0.25 0.26 0.17
1-Butene 8.91 3.51 0.12 1.10 0.43| 0.7 185 0.61
2-Methyilpropene 5.31 1.93 0.87 4.59 1.67 1.28 6.78 2.46
Light-End HC Subtotal 98.06 111.25 63.51] 80.19 124.36 57.34
mg Ozone/| Test 1C6, 10/29/91 Test 1C7 , 10/30/91
mg NMOG|{ NMOG Ozone (mg/mi) | NMOG Ozone {(mg/mi)
Mid-Range Species MIR  MOR| (mg/mi) MIR MOR| (mg/mi) MIR MOR
1,3-butadiens 10.89 4.18 0.03 0.29 0.11| .0.00 0.00 0.00
Cyclopentane 2.38 1.41 0.41 0.97 0.58 0.00 0.00 0.00
2-Methyipentane 1.83 0.90 0.16 0.24 0.14 0.00 0.00 0.00
n-Hexans 0.98 0.65 o.2 0.21 0.14 0.18 0.18 0.12
Benzene 042 0.14 0.53 0.22 0.07 0.56 - 0.24 0.08
e - ~—J3-Methylhexane 1400831 —0.16—0:22— 013+ 0.16— - 0.22 0.13]
2,2,4Trimethylpentane + Alkene | 259 1.11] 0.31 079 0.34] 031 0.80 0.34
Toluene + C8H18 2.73 0.63 0.41 1.12 0.26 0.31 0.84 0.18
2,2,5-Trimethylhexane 0.97 0.58 0.00 0.00 0.00 0.14 0.14 0.08
m & p-Xylenes 7.38 2.22 0.15 1.14 0.34 0.00 0.00 0.00
1,2,4-Trimethylbenzens 8.83 2.67 0.49 4.30 1.30 0.00 0.00 0.00
Mid-Range HC Subtotal 2.85 9.51 3.41 1.65 2.41 0.84
mg Ozone/| Test 1C6, 10/29/91 Test 1C7 , 10/30/91
mg NMOG] NMOG Ozone {mg/mi) | NMOG Ozone (mg/mi)_
" |Oxygenates MIR  MOR {mg/mi) MIR MOR| (mg/mi) MIR MOR
Formaldehyde 7.1 2.08 6.02 43.05 12,521 11.47 82.03 23.86
Acetaldehyde 8.52 2.17 0.92 -5.10 2.01 1.42 7.86 3.09
Acrolein 6.77 2.59 0.22 1.50 0.58 0.29 1.96 0.75
Acstone 0.56 0.20 0.41 0.23 0.08 0.41 0.23. 0.08
Propionaldehyde 6.53 2.50 0.17 1.09 0.42 0.31 2.00 0.77
Oxygenatas Subtotal 7.7 50.98 15.60] 13.91 94.09 2855
Test 1C6, 10/29/91 Test 1C7 , 10/30/91
NMOG Ozone {mg/mi) | NMOG Ozone (mg/mi)
NMOG Summary {mg/mi) MIR MOR{ (mg/mi) - MIR MOR
Light-End Species 98.06 111.25 53.51| 80.19 124.36 57.34
Mid-Range Species 2.85 9.51 3.41 1.65 2.41 © 094
Oxygenates 7.75 50.98 15.60{ 13.91 . 94,09 28.55
Total 108.65 171.73 72,53] 95.75 220.85 86.83
Ozone/NMOG 1.58 0.67 2.31 0.91
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Table III-5h
Speciated FTP Results
Ford Taurus (S+S), CNG

mg Ozone/ Test 4C3 , 10/30/91 Test 4C4, 10/31/91
mg NMOG| NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Light-End Species MIR  MOR| (mg/mi) MIR MOR| (mg/mi) MIR ---- MOR
Ethane 0.25 0.17| 25.308 6.33 4.30f 31.93 7.98 . 5.43
Ethene 7.29 3.16| 5.508 40.15 17.41 7.293 53.17 23.05
Propane 0.48 0.31] 2.9627 1.42 0.92] 4.1141 1.97 1.28
Ethyne 0.50 0.33| 1.1774 0.59 0.39| 1.5296 0.76 0.50
Methyipropane 1.21 0.73] 0.4001 0.48 0.29| 0.5888 0.71 0.43
Butane 1.02 0.866| 0.9041 0.92 0.60| 0.7926 0.81 0.52
Propene 9.40 3.77| 0.9665 9.09 3.64| 0.7411 6.97 2.79
Methyibutane 1.38 0.87| 0.2805 0.39 0.24| 0.3567 0.49 0.31
Pentane 1.04 0.68| 0.2094 0.22 0.14f 0.2662 0.28 0.18
1-Butene 8.91 3.51| 0.0451 0.40 0.16( 0.1231 1.10 0.43
2-Methyipropene 5.31 1.93| 0.0773 0.41 0.15( 0.1316 0.70 0.25
Light-End HC Subtotal 37.84 60.40 28.24| 47.87 74.94 35.18
mg Ozone/ Test 4C3 , 10/30/91 Test 4C4, 10/31/91
mg NMOG| NMOG Ozone (mg/mi) NMOG Ozone (mg/mi)
Mid-Range Species MIR  MOR| (mg/mi) MIR MOR| (mg/mi) MIR MOR
1,3-butadiene 10.89 4.16( 0.0045 0.05 0.02 0 0.00 0.00
Benzene 0.42 0.14 0 0.00 0.00| 0.1187 0.05 0.02
Toluene + C8H18 2.73 0.63 0 0.00 ° 0.00| 0.1227 0.33 0.08
Mid-Range HC Subtotal 0.00 0.05 0.02 0.24 0.38 0.09
mg Ozone/ Test 4C3, 10/30/91 Test 4C4, 10/31/91
mg NMOG| NMOG  Ozone (mg/mi) | NMOG  Ozone (mg/mi)
Oxygenates MIR  MOR| (mg/mi) MIR MOR| (mg/mi) MIR MOR
Formaldehyde 7.15 2.08 2.65 18.96 5.52 3.24 23.16 6.74
Acetaldehyde 8.52 2.7 0.28 1.54 0.61 0.33 1.85 0.73
Acetone 0.56 0.20 0.00 0.00 0.00 0.15 0.08 0.03
Oxygenates Subtotal 2.93 20.51 6.12 3.72 25.09 7.49
Test 4C3 , 10/30/91 Test 4C4, 10/31/91
NMOG Ozone (mg/mi) NMOG Ozone (mg/mi)
NMOG Summary (mg/mi) MIR MOR| (mg/mi) MIR MOR
Light-End Species 37.84 60.40 28.24| 47.87 74.94 35.18
Mid-Range Species 0.00 0.05 0.02 0.24 0.38 0.09
Oxygenates 2.93 20.51 6.12 3.72  25.09 7.49
Total 40.78 80.96 34.38| 51.83 100.41 42.76
Qzone/NMOG 1.99 0.84 1.94 0.83
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Table

. Speciated FTP Results ii% .. :
Ford Taurus (S+S), CNG . - ..

I11-5g  :-
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mg Ozone/| Test4C1A, 10/25/91 . Test 4C2A, 10/29/91

mg NMOG| NMOG Ozone (mg/mi) | NMOG . Ozone (mg/mi}
Light-End Species MIR_MOR} (mg/mi) - - MIR MOR| (mg/mi) = - MIR .- MOR/’
Ethane 0.25 0.17| 26.36 - 6.59 4.48|° 15.50 . 3.87:. 2.63
Ethene 7.29 3.16] - 4.58 33.42 14.48|° 4.74 ‘3452 14.96
Propane 0.48 0.31 -2.24 1.07.: 0.69 4827 231 1.50
Ethyne 0.50 0.33 1.04 0.52 ' 0.34 0.86 0.43 0.28
Methyipropane 1.21 0.73 0.44 0.53 0.32 0.47 057 ° 0.34
Butane 1.02 0.686 0.53 0.54 0.35 0.48 0.49 0.31
Propene . 9.40 3.77 0.47 4.42 1.77 0.47 4.41 1.77
Methyibutane 1.38 0.87 0.14 0.19 0.12 0.11. - 0.16 0.10
Pentane 1.04 0.68 0.19 0.19 0.13 0.35 0.36 0.24
1-Butens 8.91 3.51 0.04 0.39 0.18 0.01 0.05 0.02
2-Methvyipropene 5.31 1.93 0.08 0.42 0.15 0.07 0.37 0.13
Light-End HC Subtotal 36.11  48.29 - 23.00| 27.86 - 47.83 . 22.29

mg Ozone/| Teast 4C1A, 10/25/91 Test 4C2A, 10/29/91

mg NMOG{ NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Mid-Range Spacies MIR  MOR| (mg/mi) " MIR MOR _{mg/mi) MIR MOR
1,3-butadiene 10.89 4.16 0.01 0.15 0.06 0.01 0.12 0.05
2-Methyipentane 1.53 0.90 0.37 0.57 0.34 0.00 0.00 0.00
3-Methyipentane 1.82 0.34] . 0.05 0.08 0.05 0.00 0.00 0.00
n-Hexane 0.98 0.65 0.05 0.05 0.03 0.00 0.00 0.00
Methylcyclopentane 2.82 155 0.20 0.58 0.31 0.00 0.00 0.00
Benzene 0.42 0.14] 0.03 0.01 - 0.00 0.08 0.02 . 0.01
Toluane—~+€8H18 — -— 1 373 083] 0.03 0.09 002 000 000000 ——————
m & p-Xylenes -1 7.38 2.22] '0.08 0.62 0.19 0.00 0.00 0.00
3-Ethyitoluene- 7.20 2.18 0.05 0.33 0.10 0.00 0.00 0.00
1,2,4-Trimethylbenzene 8.83 2.67 0.05 0.48 0.15 0.00 0.00 0.00
Mid-Range HC Subtotal 0.94 2.95 1.24 0.06 0.14 0.05

mg Ozone/ Test 4C1A, 10/25/91 Test 4C2A, 10/29/91

mg NMOG NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Oxygenates MIR_ MOR} (mg/mi) MIR . MOR] (mg/mi) MIR MOR
Formaldehyde 7.15 .2.08| - 1.36 -- 9.71 2.82 3.32 23.77 6.91("
Acetaidehyde §.82 2.17 0.17 0.94 0.37 0.28 1.53 0.60
Acetone 0.56 0.20 0.05 0.03 . 0.01 0.08 0.04 - 0.02
Oxygenates Subtotal 1.87 10.67 3.20 3.68 25.34 7.53

- Test 4C1A, 10/25/91 Test 4C2A, 10/29/91
NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)

NMOG Summary (mg/mi) MIR MOR| (mg/mi) MIR MOR
Light-End Species 36.11 48.29 23.00] 27.86 47.53 22.29
Mid-Range Species 0.94 2.95 1.24 0.06 0.14 0.05
Oxygenates 1.87 10.67 3.20 3.68 25.34 7.53
Total 38.62 6191  27.44] 31.60 73.01 29.87
Qzone/NMOG 1.60 0.71 2.31 0.95



-

Table III-5F
Speciated FTP Results
Ford Taurus (IMPCO), CNG

mg Ozone/ Test 3C3, 10/29/91
mg NMOG| NMOG Ozone (mg/mi)
Light-End Species MIR  MOR| (mg/mi) MIR ‘MOR
Ethane 0.25 0.17| 29.32 7.33 4.98
Ethene 7.29 3.16 7.13 5197 22.53
Ethyne 0.50 0.33 0.27 0.13 0.09
Methyipropane 1.21 0.73 0.32 0.39 0.23
Butane 1.02 0.68 0.82 0.84 0.54
Propene 9.40 3.77 0.25 2.34° 0.94
Methyibutane 1.38 ' 0.87 0.14 0.19 0.12
Pentane - 1.04 0.68 0.14 0.14 0.09
1-Butene 8.91 3.51 0.03 0.24 0.10
2-Methylpropens 5.31 1.93 0.04 0.22 0.08
Light-End HC Subtotal 38.45 63.80 29.70
mg Ozone/ Test 3C3, 10/29/91
mg NMOG| NMOG Ozone (mg/mi)
Mid-Range Species MIR  MOR| (mg/mi) MIR MOR
1,3-butadiene 10.89 4.16 0.01 0.14 0.05
Mid-Range HC Subtotal 0.01 0.14 0.05
mg Ozone/ Test 3C3, 10/29/91
mg NMOG| NMOG Ozone (mg/mi)
Oxygenates MIR  MOR| (mg/mi) MIR MOR
Formaldehyde 7.15 2.08 1.48 10.57 3.07
Acetaldehyde 5.52 2.7 0.18 0.97 0.38
Acstone 0.56 0.20 0.13 0.07 0.03
Oxygenates Subtotal 1.78 11.61 3.48
Test 3C3, 10/29/91
NMOG Ozone (mg/mi)
NMOG Summary (mg/mi) MIR MOR
Light-End Species 38.45 63.80 29.70
Mid-Range Species 0.01 0.14 0.05
Oxygenates 1.78  11.61 3.48
Total 40.24 75.55 33.24
0zone/NMOG 1.88  0.83
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Table III-5e .. -
Speciated FTP ‘ResuTts -~
Ford Taurus (IMPCO), CNG

Test 3C1A, 10/22/91

mg Ozone/ Test 3C2A, 10/23/91

mg NMOG| NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Light-End Species MIR  MOR| : (mg/mi) MIR::~. MOR/| (mg/mi) -~ MIR - MOR|
Ethane 0.25 0.17|  42.37 °"10.59 ' 7.20[ - 33.14 8.29 5.63
Ethene 7.29 3.16 1.24 9.01 3.91 1.20 8.73 - 3.79
Propane 0.48 0.31 5.91 2.84 1.83 4.78 2.29 1.48
Ethyne 0.50 0.33 0.25 0.12 0.08 0.18 0.09 0.06
Methyipropane 1.21 0.73 0.50 0.60 0.36 0.37 . 0.45 0.27
Butane 1.02 0.66 0.85 0.87 0.56 0.82- 0.83 0.54
Propene 9.40 3.77 0.20 +1.92 0.77 0.21 1.93 0.77
Methyibutarfe 1.38 0.87 0.15 0.21 0.13 0.28 0.38 0.24
Pentane 1.04 0.68 0.22 0.23 0.15 0.12 0.13 0.08
1-Butene 8.91 3.51 0.01 0.12 0.05 0.04 0.31 0.12
2-Methyipropene 5.31 1.93 0.02 0.11 0.04 0.01 0.07 0.02
Light-End HC Subtotal 51.73 26.63 15.09| 41.15 23.51 13.02

mg Ozone/ Test 3C1A, 10/22/91 Test 3C2A, 10/23/91

mg NMOG| NMOG Ozone (mg/m) | NMOG Ozone (mg/mi)
Mid-Range Species MIR  MOR| (mg/mi) MIR MOR| (mg/mi) MIR MOR
1,3-butadiene 10.89 4.16 0.00 0.05 0.02 0.01 0.10 0.04
2-Methylpentane 1.53 0.90 0.13 0.19 0.11 0.01 0.02 0.01
3-Methylpentane 1.52 0.94 0.05 0.08 0.05 0.00 0.00 0.00
n-Hexane 0.98 0.65 0.10 0.10 0.07 0.05 0.05 0.03
Methyicyclopentane 2.82 1.55 0.07 0.21 0.11 0.00 0.00 0.00
Benzene 0.42 0.14 0.09 0.04 0.01 0.02 0.01 0.00
2,2,4-Trimethylpentane + Alkene 26—ttt 0.21 0.55 0.24 0.00 0.00 0.00
Toluene + C8H18 2.73 0.63 0.50 1.36 0.31 0.15 0.42 0.10
m & p-Xylenes 7.38 2.22 0.15 1.12 0.34 0.10 0.76 0.23
Styrene ' 2.22 -0.30 0.05 0.12 -0.02 0.00 0.00 0.00
1,2,4-Trimethylbenzene 8.83 2.67 0.00 0.00 0.00 0.19 1.64 0.50
n-Undecane 0.42 0.28 0.64 0.27 0.18 0.06 0.02 0.02
Mid-Range HC Subtotal 2.01 4.09 1.43 0.58 3.02 0.92

mg Ozone/ Test 3C1A, 10/22/91 Test 3C2A, 10/23/91

mg NMOG| NMOG Ozone (mg/mi) | NMOG Ozone (mg/mi)
Oxygenates MIR- MOR| (mg/mi) MIR MOR| (mg/mi) MIR MOR
Formaldehyde 7.15 2.08 1.64 11.71 ~ 3.41 1.41 10.11 2.94
Acetaldehyde . 5.52 2.7 0.35  1.91 0.75 0.29 1.60 0.63
Acetone 0.56 0.20 0.09 0.05 0.02 0.00 0.00 0.00

Oxygenates Subtotal

2.08 13.68 4.18

1.70 11.70 3.57

NMOG Summary

Test 3C1A, 10/22/91
NMOG Ozone (mg/mi)
(mg/mi) MIR MOR

Test 3C2A, 10/23/91
NMOG Ozone (mg/mi)
(mg/mi) MIR MOR

Light-End Spe;ies
Mid-Range Species

51.73 26.63 15.09
2.01 4.09 1.43

41.15  23.51 13.02
0.59 3.02 0.92

Oxygenates 2.08 13.68 4.18(°° 1.70 -11.70 - 3.57
TFotal 55.81 4439 20.69( .43.44 38.24 17.571
Ozone/NMOG 0.80 0.37 0.88 0.40
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State of California
AIR RESOURCES BOARD

Final Statement of Reasons for Rulemaking
Including Summary of Comments and Agency Responses

PUBLIC HEARING TO CONSIDER THE ADOPTION OF REGULATIONS REGARDING LOW-
EMISSION VEHICLES AND CLEAN FUELS

Public Hearing Date: September 27-28, 1990
Agenda Item No: 90-14-1

I.  GENERAL

On September 27 and 28, 1990, the Air Resources Board ("ARB" or
"Board") conducted a public hearing to consider the adoption and
amendment of regulations and incorporated documents (collectively
referred to as "the regulations") to require the production of low-
emission vehicles and the distribution and availability of clean
fuels. As proposed, the regulations would establish a program for -
phasing in new low-emission passenger cars, light-duty trucks and
medium-duty vehicles, and for assuring that clean fuels needed by
these vehicles will be distributed and made available to motorists.

At the conclusion of the hearing, the Board adopted Resolution
90-58 approving the regulations proposed by the staff with various
modifications. Many of the modifications were based on changes
suggested by the staff at the hearing. The Board directed the
Executive Officer to incorporate the approved modifications into the
originally proposed regulatory text with such other conforming changes
as were appropriate. In accordance with Government Code section
11346.8(c), the Resolution directed the Executive Officer to make the
modified regulatory text available to the public for a supplemental . ..
‘written comment period of 15 days. He was then directed either to
adopt the modified regulations with such additional changes as may be
appropriate in 1ight of the supplemental comments, or to present them
to the Board for further consideration if he determined such an action
was warranted by the comments.

The thodified text of the regulations was made available on
January 3, 1991 for a 156-day period for supplemental public comment.
At the same time, additional documents and information were made
available for public inspection pursuant to 1 C.C.R. section 45. The
comment period was extended until January 31, 1991, for one '

incorporated document that was inadvertently omitted from the January =
73,71991, mailout.” During these supplemental comment periods, the

Board received several written comments. After considering the
comments, the Executive Officer issued Executive Order G-604, amending
13 C.C.R. sections 1900, 1904, 1956.8, 1960.1, 1960.1.5, 1960.5, 1965,
2061, 2111, 2112, 2125, 2139, and the documents incorporated by
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reference therein; adopting the new "Non-Methane Organic.Gas Test
Procedures" and "California Test Procedures for Evaluating the
Emission Impacts of Substitute Fuels or New Clean Fuels," documents
incorporated by reference in the amended regulations; and adopting new
Subchapter 8 of Chapter 3, Iit]e 13, California Code of Regulations,
sections 2300 through 2317.

The Staff Report: Initial Statement of Reasons for Rulemaking
("Staff Report") for this rulemaking was available for public
inspection on August 13, 1990. On the same date, the staff made
available a Technical Support Document (“TSD"). The Staff Report and
TSD included the texts of the regulations and amendments as initially
proposed by the staff, along with extensive descriptions of the
rationale for the proposal. The Staff Report and TSD are incorporated
by reference herein. This Final Statement of Reasons updates the
Staff Report by identifying and explaining the modifications made to
the originally proposed texts. The Final Statement of Reasons also
contains a summary of the comments the Board received on the proposed
regulations during the formal rulemaking process and the ARB's
responses to the comments.

The amended "California Exhaust Emission Standards and Test
Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles" (the “LDV/MDY Test Procedures") is
incorporated by reference in 13 C.C.R. section 1960.1; the amended
"California Exhaust Emission Standards and Test Procedures for 1985
and Subsequent Model Heavy-Duty Diesel Engines and Vehicles" (the "HDD
Test Procedures") and “California Exhaust Emission Standards and Test
Procedures for 1987 and Subsequent Model Otto-Cycle Heavy-Duty Engines
and Vehicles" are incorporated by reference in 13 C.C.R. section
1956.8; the amended "California Motor Vehicle Emission Control Label
Specifications" is incorporated by reference in 13 C.C.R. section
1965; the amended "Guidelines for Certification of 1983 and Subsequent
Model-Year Federally Certified Light-Duty Motor Vehicles for Sale in
California" is incorporated by reference in 13 C.C.R. section 1960.5;
the newly adopted “California Non-Methane Organic Gas Test Procedures"”
are incorporated by reference in 13 C.C.R. section 1960.1, and the
newly adopted "California Test Procedures for Evaluating the Emission
Impacts of Substitute Fuels or New Clean Fuels* are incorporated by

1. As adopted, the regulations included various nonsubstantial
modifications to the texts made available on January 3, 1991, for
supplemental public comment. These additional modifications are identified
in Attachment A to this Final Statement of Reasons. Many of the
nonsubstantial modifications to the low-emission vehicle regulations reflect
corrections of the manner in which the preexisting regulatory text is set
forth. This preexisting text includes amendments regarding medium-duty
vehicles which have recently been reviewed by the Office of Administrative
Law.

-2-
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reference in 13 C.C.R. section 2317 and in the "California Exhaust
Emission Standards and Test Procedures for 1988 and Subsequent Model
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles." Some of
these incorporated documents in turn incorporate certification test
procedures adopted by the U.S. Environmental Protection Agency ("EPA")
and contained in Title 40, Code of Federal Regulations, Part 86.

The above-referenced sections of the California Code of
Regulations identify the incorporated ARB documents by title and date.
The ARB documents are readily available from the ARB upon request and
were made available in the context of the subject rulemaking in the
manner provided in Government Code section 11346.7(a). The Code of
Federal Regulations is published by the Office of the Federal
Register, National Archives and Records Administration, and is
therefore reasonably available to the affected public from a commonly
known source.

The various ARB documents are incorporated by reference because
it would be impractical to print them in the California Code of
Regulations. Existing ARB administrative practice has been to have
test procedures incorporated by reference rather than printed in the
California Code of Regulations. These procedures are highly technical
and complex. They include "nuts and bolts" engineering protocols and
have a very limited audience. Because the ARB has never printed test
procedures in the California Code of Regulations, the affected public
is accustomed to the incorporation format utilized herein. The ARB's
test procedures as a whole are extensive and it would be both
cumbersome and expensive to print these lengthy, technically complex
procedures with a 1imited audience in the California Code of
Regulations. Printing portions of the ARB's test procedures in the
California Code of Regulations when the bulk of the test procedures
are incorporated by reference would be unnecessarily confusing to the
affected public.

The ARB documents incorporate portions of the Code of Federal
Regulations because they are substantially based on the federal
regulations. Manufacturers typically certify vehicles and engines to
both the federal and state emissions standards and test procedures.
Incorporation of the federal regulations by reference makes it easier
for manufacturers to know when the two sets of requirements are
identical and when they differ.

The Board has determined that this regulatory action will not
result in a mandate to any local agency or school district the costs
of which are reimbursable by the state pursuant to Part 7 (commencing
with section 17500), Division 4, Title 2 of the Government Code.

The Board has further determined that no alternative considered- - - -
by the agency would be more effective in carrying out the purpose for

which the regulatory action was proposed or would be as effective and
less burdensome to affected private persons than the action taken by
the Board.
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II. MODIFICATIONS TO THE REGULATIONS .

A. Modifications Pertaiﬁing to the Low-Emission Vehicle Elements
of the Regulations

Set forth below is a description of the modifications that were
made to the originally proposed low-emission vehicle elements of the
rulemaking, along with the rationale for the modifications. To place
the description of the modifications in context, it is preceded by an
overview of the low-emission vehicle provisions.

The vehicle elements of the rulemaking establish substantially
more stringent 50,000 and 100,000 mile emission standards for
passenger cars and light-duty trucks, 50,000 and 120,000 mile emission
standards for medium-duty vehicles, and emission standards for
incomplete medium-duty vehicles and engines. Four progressively more
stringent exhaust emission categories have been established:
Transitional Low-Emission Vehicle ("TLEV"), Low-Emission Vehicle
("LEV"), Ultra Low-Emission Vehicle ("ULEV") and Zero-Emission Vehicle
(ICZEVII) .

Exhaust emission standards for non-methane organic gases
("NMOG"), carbon monoxide, and oxides of nitrogen (“"NOx") have been
established for each category. (§ 1960.1(g)(1).) Two-tiered
standards for NMOG in the TLEV, LEV, and ULEV categories have been
established for fuel-flexible vehicles (“FFVs") which are capable of
operating on both gasoline and a clean fuel. (§ 1960.1(g)(1) note
(4).) In addition, as measurable amounts of formaldehyde are known to
be emitted from gasoline and alternative fuel vehicles, and
formaldehyde is a toxic air contaminant, separate emission standards.
for formaldehyde have been set for each category. (§ 1960.1(e)(3).)
Also, consistent with previously adopted regulations, the rulemaking .
-includes emission standards for particulate matter (“PM") and highway
NOx. (§ 1960.1(g)(1).) The PM emission standards apply only to
diesel vehicles and engines as other engine cycles have shown only
minimal levels of PM emissions. The highway NOx emission standards
have been established in order to 1imit NOx emissions from vehicles
operating at speeds typical of highway driving.

¢

b. Implementation

For passenger cars and Tight-duty trucks, a manufacturer may
certify any combination of its vehicles to comply with the sales-
weighted, light-duty fleet average requirements for emissions of NMOG

—estab1&shedﬂfor“mode1:years“ISS#‘tﬁFEU@HfZUU?ﬂ (§ 1960.1(g)(2).) 1In
addition to meeting the fleet average NMOG requirement, the
manufacturer's sales fleet must contain a minimum percentage of ZEVs
beginning in the 1998 model year for passenger cars and light-duty
trucks under 3,750 1bs. loaded vehicle weight (“LVW"). (§

-4-
07033



1960.1(g)(2) note (9).) Although there is no ZEV requirement for
light-duty trucks over 3,750 -1bs. LVW or for medium-duty vehicles,
ZEVs in these vehicle classes can be used to satisfy the light-duty
ZEV requirement.

For medium-duty vehicles, beginning with the 1998 model year
manufacturers are required to produce specified percentages of medium-
duty LEVs and ULEVs instead of meeting a fleet average NMOG
requirement. (§ 1960.1(h)(2).) This approach was taken for medium-
duty vehicles because only a limited number of engine families are
certified within the same emission standard test weight category, and
there is little opportunity for averaging. However, compliance
flexibility. is provided to medium-duty vehicle manufacturers through
the use of trading ratios which allow sales of greater numbers of
ULEVs than required or ZEVs to offset the specified percentage
requirements. (§ 1960.1(h)(2) note (12).)

The regulations provide manufacturers with considerable
flexibility in complying with these requirements. In addition to the
categorized emission averaging program, the following features are
included to ensure adequate flexibility:

Intermediate in-use standards

Credit banking

Deficits banking

Credit trading

NMOG adjustments for hybrid electric vehicles

* % % % %

c. Reactivity adjustment

Because the new requirements may result in certification of low-
emission vehicles which operate on fuels other than gasoline, and
since emissions from vehicles which operate on these fuels may have
different ozone-forming potential relative to gasoline, an adjustment
factor for NMOG will be established for each fuel/emission category.
The reactivity adjustment factors will effectively make NMOG emission

- comparisons between vehicles operating on gasoline and other fuels

more equitable.

The procedure for calculating the reactivity adjustment factors
involves the application of maximum incremental reactivity ("MIR")
factors to speciated exhaust emission data. (LDY/MDV Test Procedures,
Appendix VIII.) The MIR approach was chosen because it is a quick and
easy method for estimating the reactivity of vehicle exhaust emissions
while providing results comparable to more complex airshed models. A
1ist of preliminary MIR factors is included in the regulations. These
MIR factors were derived from smog chamber work conducted up until the
summer of 1890 by Professor William Carter, as referenced in Chapter

- VII of the TSD. The Board plans to conduct an additional rulemaking

hearing in the fall of 1991 to update the MIRs in the regulations as
appropriate based on any new information and further scientific
reviews. The regulations establish a methodology for the Executive
Officer to set reactivity adjustment factors for the various
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vehicle/fuel combinations by applying the MIRs to emissions data
generated from tests on motor.vehicles meeting the different NMOG
standards. At the rulemaking hearing planned for the fall of 1991,
the Board intends to consider adopting the different reactivity
adjustment factors for specific inclusion in the regulations.

d. ot tificati . I

Vehicle manufacturers who certify vehicles designed to operate on
fuels other than gasoline or diesel are required to provide the ARB
Executive Officer with projected sales and fuel economy estimates two
years prior to certification. (LDV/MDV Test Procedures, § 4.a.2.)

This information is needed to determine the number of clean fuel
retail outlets needed, as described in section II.B.

An additional certification requirement for light-duty and
medium-duty vehicles calls for emission testing at 50°F to
demonstrate compliance with the emission standards at this lower
temperature. An engineering evaluation of the effectiveness of the
emission control system from 20 to 86°F is also required. (§
1960.1(g)(1) note (8); § 1960.1(h)(2) note (13); LDV/MDV Test
Procedures, § 11.1. & k.) Because ZEVs by definition have no
emissions of any pollutant under any operating condition, ZEVs are
exempt from the 50°F demonstration and other emission and durability
test requirements.

Other features of the regulations which add to or modify
previously adopted certification requirements are listed below. The

rationale for these features is set forth in the Staff Report and/or
the TSD.

* The engines of hybrid electric vehicles are to be tested
under highest emission scenarios.

* Durability testing of hybrid electric vehicles shall be based
-on miles of engine operation to the extent possible.

* Emissions from fuel-fired heaters used in electric vehicles

- shall be measiured for certification.

* Fuel-flexible and dual-fuel vehicles are to use the non-

gasoline fuel for mileage accumulation.

The remainder of this section II.A. describes the modifications
made to th originally proposed regulations.

2. Period for balancing emission deficit

To provide added flexibility during the initial years of the low-
emission vehicle program, the period for balancing shortfalls in a

manufacturer's fleet average NMOG emission value was revised. The . _

original proposal would have required vehicle manufacturers to balance
any deficits incurred in a given model year by the following model
year. As modified, deficits incurred from 1994 to 1997 must be made
up within three model years and prior to the end of the 1998 model
year. Therefore, a manufacturer will be required to balance a 1994

-6~ .
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NMOG deficit by 1997. Any deficits incurred in 1995, 1996, or 1997
will have to be balanced by the end of 1998. A one-year balancing
period will apply for 1998 and subsequent model years. (§
1960.1(g)(2) note (7).)

3. Hybrid electric vehicles

In the original NMOG fleet average calculation procedure, hybrid
electric vehicles ("HEVs") certified to either conventional or low-
emission vehicle standards received an adjustment in the NMOG value
used to calculate the fleet average value based on the range of the
battery. This provision was included to provide incentives for
manufacturers to produce HEVs capable of operating large distances on
battery power alone, and therefore have zero emissions during the
duration of most driving trips. The adjustment for HEVs certified to
conventional vehicle standards was deleted to encourage certification
of cleaner HEVs. HEVs with engines certified to the TLEY, LEV, or
ULEV standards will continue to receive NMOG adjustment based on the
operating range of the battery. (§ 1960.1(g)(2) note (4)(a) & note

(5)(a).)
4. NMOG definiti

The originally proposed NMOG definition in the incorporated
“California Exhaust Emission Standards and Test Procedures for 1988
and Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-
Duty Vehicles" (the "LDV/MDY Test Procedures") were updated to include
the heavier organic gases found in diesel exhaust. For diesel
vehicles, NMOG will include all non-oxygenated organic gases with 25
or fewer carbon atoms and all oxygenated organic gases with 5 or fewer
carbon atoms. (LDV/MDV Test Procedures, § 2.2.)

5. Certification fuel

The specifications of gasoline used as a certification fuel were
modified to give manufacturers the option of using gasoline with a 7.8
pounds per square inch (psi) Reid vapor pressure (RVYP), a sulfur
content of 0.03 weight percent, and other properties to certify 1992
and subsequent model-year vehicles. These specifications correspond
to the specifications for commercial gasoline required for sale in
California beginning in 1992 as a result of the “Phase 1 reformulated
gasoline" rulemaking. Manufacturers have requested the use of this
gasoline to facilitate meeting recently adopted evaporative emission
regulations because of its lower RVP, compared to the current
certification gasoline. Also, more representative emission results
are obtained with the 7.8 RVP gasoline since its specifications are
similar to commercially available gasoline. (LDV/MDV Test Procedures,
§ 9.a.1.)

The definition of conventional gasoline was clarified to refer to
a certification gasoline whose specifications are substantially
equivalent to gasoline available commercially in the 1989 calendar
year. (LDV/MDV Test Procedures, § 2.Am.)
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The specifications for diesel certification fuel for light-duty
vehicles were revised to reflect the low-sulfur and low-aromatics
specifications for motor vehicle diesel fuel required beginning on
October 1, 1993 by 13 C.C.R. sections 2255 and 2256. (LDV/MDVY Test
Procedures § 9.a.6.(3); HDD Test Procedures § 86.1313-30 (b)(2).)

6. Assembly-line testing

In light of the resources needed to measure NMOG and formaldehyde
emissions for assembly-line quality audit testing, manufacturers
requested an alternative method to determine NMOG and formaldehyde
emissions from vehicles certified to the low-emission vehicle
standards. . Accordingly, the LDV/MDV Test Procedures were modified to
allow the use of NMOG to NMHC emission ratios and formaldehyde to NMHC
emission ratios, established at certification, in NMHC emission
measurements for assembly-line quality audit testing. (LDV/MDV Test
Procedures § 11.m.) '

7. Labeling requirements

The following changes were made to the requirements in the
incorporated "California Motor Vehicle Emission Control Label
Specifications* (the “Label Specifications") in response to comments.

a. Operating fuel statement

To conserve labeling space, the statement specifying the
operating fuel(s) on which the vehicle or engine is certified will be
required only for vehicles designed to be capable of operating on
fuels other than gasoline. (Label Specifications § 3.(a)iii.)

b. OBD statement

Since some 1992 model-year labels have already been printed and
it is highly unlikely that vehicles will have certified 0BD II systems
by the 1992 model year, the statement clarifying which 0BD system the .

vehicle is utilizing will not be required until the 1993 model year.
(Label Specifications § 3.(a)iv.) ’

c. YEC coding

Coding for the eighth character of the VEC bar code has been
modified to be consistent with VEC coding currently in use. (Label
Specifications § 3.(b).)

8. NMOG Test Procedures

Two parts of the “California ﬂon-Methane Organic Gas Test R

Procedures”, incorporated by reference in section 1960.1(g)(1) note
(3) and section 1960.1(h)(2) note (3), were replaced with updated
sections. One part--the *California Non-Methane Hydrocarbon Test
Procedures"--was expanded to include the formulas for calculating
nonmethane hydrocarbon (NMHC) emissions from all candidate fuels.
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Another part--the interim SOP No. MLD103A, "Procedures far the
Determination of Midrange Hydrocarbons in Automotive Exhaust by GC",
was also updated to reflect the most up-to-date gas chromatograph
procedures.

9. Small volume manufacturers

Vehicle manufacturers which have annual sales of less than or
equal to 3,000 vehicles, known as small volume manufacturers, have
been given special consideration in meeting the low-emission vehicle
requirements in view of their limited resources. The small volume
manufacturer criteria for the fleet average standards have been
expanded to, be based on a manufacturers' average annual production for
the 1989 through 1991 model years. This change was included to
alleviate the concerns of small volume manufacturers which would have
to comply with the more stringent requirements of larger manufacturers
for temporary increases in annual vehicle production over 3,000, and
to provide sufficient leadtime if a small volume manufacturer became
subject to larger manufacturer requirements. (§ 1960.1(g)(2) note

(7).)
10. Medium-duty vehicles

The original proposal would have allowed certification of medium-
duty vehicles to the standards specified in section 1960.1(h) (1),
established in the Board's recent medium-duty vehicle rulemaking,
through the 2000 model year. To provide the same flexibility allowed
for light-duty vehicles, this provision was modified to allow
certification of medium-duty vehicles to the standards specified in
section 1960.1(h)(1) subsequent to 2000 provided that the medium-duty
LEV and ULEV requirements are met. (§ 1960.1(h)(1).)

11. Clarificat;

The following changes to the regulations were made to clarify
various regulatory provisions in response to comments.

(a) The provisions specifying the procedure for the 50°F test
requirement were expanded to more clearly and precisely identify the
procedures to be followed. (LDV/MDV Test Procedures § 11.k.)

(b) The use of credits to comply with requirements for ZEVs was
clarified! Credits earned by manufacturers through production of more
ZEVs than required may be sold or banked internally to satisfy future
ZEV requirements. These credits will be discounted similarly to
credits earned through the sale of low-emission vehicles. If a
manufacturer is unable to comply with the ZEV requirement in a given
model year, the deficit may be made up by the end of the next model
year. (§ 1960.1(g)(2) note 9.)

(c) As a result of recently adopted ARB regulations, in-use
compliance testing of incomplete medium-duty vehicles and engines is
limited to those vehicles and engines having fewer than 90,000 miles.
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} Language clarifying this provision for low-emission vehicles was added

- for consistency with the previously adopted regulations. (§

. 1956.8(f) note F.) Similarly, clarifying language was added for
light- and medium-duty vehicles; for these vehicles in-use compliance
testing is limited to passenger cars and light-duty trucks with fewer
than 75,000 miles and medium-duty vehicles with fewer than 90,000
miles, consistent with previously adopted regulations. (§
1960.1(h)(2) note 14.)

In addition, several other nonsubstantial modifications were also
made to clarify the regulatory language, correct references, or make
the language consistent with other noted changes.

v
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B. Modifications Pertaining to the Clean Fuel Elements of the
Regulations -

1. Summary

The overall objective of the clean fuel regulations is to assure
that the fuels used to certify low-emission vehicles are readily
available and used by motorists. As discussed on page 39 of the Staff
Report, there are two categories of clean fuel vehicles that may be
produced by vehicle manufacturers: "dedicated" vehicles designed to
run only on a clean fuel, and dual-fueled or flexible-fueled vehicles
(collectively "FFVs") designed to operate on either a clean fuel or
gasoline but meeting a more stringent emission standard only with the
clean fuel. Dedicated clean fuel vehicles generally cannot be
expected to be produced in quantity unless the manufacturer is
confident that the potential car buyer will be assured of finding the
clean fuel reasonably available. In the case of FFVs, the full air
quality benefits of the vehicles will be realized only to the extent
the vehicles are actually fueled with the clean fuel.

As originally proposed, there were three primary components of
the clean fuel regulations. First, all gasoline suppliers (refiners,
blenders, and importers) wgu]d have to distribute specified minimum
volumes of each clean fuel“ for use in motor vehicles. The minimum
volumes would be assigned by the Executive Officer quarterly based on
criteria in the regulations. This has often been referred to as the

———————

2. The regulations contain three definitions connected to the meaning of
“clean fuels." As defined, a "clean fuel" is any fuel used in a low-
emission vehicle. A "clean alternative fuel® is any clean fuel other than
the two fuels that have been commonly used in motor vehicles--gasoline and
diesel fuel. The clean fuel requirements in the regulations apply to
"designated clean fuels.* This term is defined to include all clean
alternative fuels other than electricity; CNG falls under the definition
only after a determination by the California Public Utilities Commission
that resellers will not be public utilities (and in the original proposal
only for provisions other than the distribution requirement). The reason

ffo'rgthese‘-de‘tini-tions"j&t°~a—$supe—t-hit" “t“he*"—c%e'wfue—]‘“‘“req'uﬂhre-méﬁt‘g'*O*n*Ty T T e

apply to fuels that might not otherwise be adequately available, while
acknowledging that gasoline and diesel fuel might also be used in “"clean"
low-emission vehicles. To simplify syntax, the term “clean fuel" is used in
this Final Statement of Reasons to describe what the regulations refer to as
"designated clean fuels."”
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“distribution requirement.” Second, owrier/lessors3 of retail

gasoline outlets ("gasoline stations") would have to equip a specified
number of their stations to dispense clean fuels; again, the
particular number of clean fuel outlets would by assigned by the
Executive Officer on the basis of criteria in the regulations. This
is referred to as the "retail outlet requirement." Third, operators
of stations equipped to dispense a clean fuel would have to actually
offer the fuel for sale. This is referred to as the "retail
availability requirement.* In 1994-1996, the program applied only in
the South Coast Air Quality Management District (the “"South Coast")
and only to major gasoline suppliers and operators of their stations.
Starting in 1997, the program applied statewide to all gasoline
suppliers and to all owner/lessors and operators of gasoline stations.

The distribution requirement was the central element of the
original proposal. As long as a specified minimum volume of clean
fuel must be introduced into commerce for use in motor vehicles, at
least that volume of fuel can be expected to actually be used by
motorists. The retail outlet and retail availability requirements
were somewhat ancillary to the distribution requirement. For
instance, one of the rationales for the retail outlet requirement was
to assure gasoline suppliers that there would be retail. outlets
through which the clean fuel the suppliers were required to distribute
could be sold.

After considering the public comments, the Board decided to

delete the distribution requirement and to substantially expand other

the other compdnehtﬁ of fhe éiédﬁ'fd;l reéulations we}e'strengthened,
the distribution requirement may not be necessary to assure adequate
availability and use of clean fuels.

The first aspect of the regulations expanded by the Board was the
retail outlet requirement. The Board substantially increased the
total number of retail outlets required to be equipped to dispense
clean fuels, both by establishing minimum numbers of stations in the
first several years of the program and by adjusting the formula for
determining the number of stations. In the absence of a requirement
that minimum volumes of clean fuel be distributed, the Board wanted to

t
| ——

3. The term “"owner/lessor" is defined in section 2300(a)(21) of the
regulations. The definition uses terms defined in Business and Professions
Code section 20999, part of the state law applicable to petroleum marketing
franchises. Where the station is operated under a franchise from a refiner
or distributor, then the refiner or distributor is the owner/lessor. Where
it is operated by a refiner or distributor who owns, leases or controls the
station, then the refiner or distributor is the owner/operator. 1In all
other cases, the owner of the station is the owner/lessor.
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maké sure that there are enough service stations dispensing clean
fuels to make it convenient for motorists to purchase these fuels.

Second, several new requirements were added to assure that at

those service stations where clean fuels are offered for sale, the

clean fuels are marketed in as an attractive manner as gasoline. For
instance, compared to the gasoline dispensers at a station, the clean
fuel dispensers will have to have substantially similar visibility,
accessibility, signs, lighting, and canopy coverage, and clean fuel
customers will have to have substantially similar access to restrooms
as gasoline customers. The clean fuel dispensers will also have to be
kept in good working order. These requirements are particularily
important in order to maximize the extent to which drivers of FFVs
purchase the clean fuel rather than gasoline.

Third, the adopted regulations contain provisions to help assure
that supplies of clean fuels will be readily accessible to the
operators of clean fuel outlets who are required to have the clean
fuels available for sale. This is accomplished by imposing joint
liability on the owner/lessor of a clean fuel outlet for the
operator's failure to have clean fuel available under certain
circumstances where the owner/lessor has failed to respond to a supply
request. :

In addition, the Board made numerous additional modifications to
make the program work more effectively and efficiently. The
significant modifications to the clean fuel regulations, including
those summarized above, are described and explained in the rest of
this section of the Final Statement of Reasons.

2‘ D]I- [ . III I ]. ].

One of the key elements of the clean fuel regulations as
originally proposed was a requirement that gasoline suppliers
distribute specified minimum volumes of clean fuels, assigned
quarterly to each gasoline supplier by the Executive Officer. The
Board substantially expanded various other elements of the regulation
and deleted the distribution requirement. In light of the expansion
of the other program elements, the Board concluded that the
distribution requirement may not be needed to assure adequate 4
availability and use of clean fuels. Accordingly, former sections
2301, 2302, and 2303(b) and (c) were eliminated.

In addition to deleting the specific volume distribution
requirement, the Board eliminated all ancillary provisions that were

4. The term "former section” is used in this document to identify a
section of the regulations as originally proposed.
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no longer needed. These included provisions allowing compliance with
the distribution requirement by the use of credits generated from the
distribution of excess volumes of clean fuels or from the distribution
of compressed natural gas ("CNG") or electricity for use in motor
vehicles (former § 2310), and reporting and recordkeeping

requirements for various entities regarding the distribution and
transfer of clean fuels and credits (former §§ 2320, 2321, 2322, and
2323).

3. Changes to the required numbers of clean fuel outlets

The originally proposed regulations provided that the total
number of retail outlets required for a given fuel in a particular
quarter would be calculated from a formula set forth in the
regulations. Under the formula, the number of required retail outlets
for each clean fuel was proportional to the number of low-emission
vehicles that would be certified on that fuel. Since the number of
clean fuel vehicles was not known, the required number of outlets was
indefinite.

With the deletion of the distribution requirement, it became
necessary to have a regulatory mechanism to assure that there will be
a sufficient number of stations selling the clean fuels previously
covered by the distribution requirement for the fuels to be reasonably
convenient to motorists. Therefore, the Board added a requirement for
the early years of implementation (1994-1997) that a minimum number of
stations be equipped to dispense liquid clean fuels. These are the
fuels previously covered by Lhe distribution requirement. The Board
also modified the formula used to calculate the required number of
clean fuel outlets so that a substantially greater number of outlets
would be required for a given number of low-emission vehicles
certified on a clean fuel.

At the same time, the Board sought to balance the need to have a
convenient number of clean fuel outlets with the need to avoid
requiring so many outlets that each one would have very little demand.
Thus the Board maintained the requirement that clean fuel outlets will
not be required for a given fuel until a minimum number of vehicles
certified on the fuel are expected. The Board also made the increase
in the required minimum number of clean fuel outlets in the third year
dependent on substantial penetration of vehicles certified on the
fuel.

t

a. Required num?ers of outlets for liquid clean fuels in the

The final regulations provide that total number of retail outlets
required for each liquid clean fuel in the South Coast during each
year from 1994 through 1996 will be either a specified minimum number
or the number calculated by the formula, whichever is greater. In no
case will outlets for a clean fuel be required until 20,000 vehicles
are expected to be certified on the clean fuel. (§ 2304, replacing
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former § 2334; also modifications to the determination of total
projected maximum volumes in § 2303.)

The minimum number of outlets for 1iquid clean fuels during 1994-
1396 is 90 stations in the first year for which 20,000 vehicles are
expected to be certified on the fuel, and 200 stations in the second
such year. For 1996, the minimum number of liquid clean fuel outlets
is 400, but only if the expected number of vehicles certified on the
particular clean fuel is at least 200,000. As noted above, the
required minimum number of stations will help limit the distance
motorists will have to travel to obtain clean fuels. The particular
values of the minima (90, 200, 400) were chosen in consideration of
the need far access to clean fuel outlets balanced against the need to
avoid requiring so many stations that each will have a very small
clean fuel throughput.

Under the formula for determining the required number of clean
fuel outlets in the original proposal, the projected statewide maximum
demand volume for each clean fuel was multiplied by an adjustment
factor ranging from 0.25 to 0.90 (and for 1994-1996 by a South Coast
factor of 0.5). The adjusted volume was then reduced by the volume
projected to be distributed by nonretail (fleet) outlets, and then
divided by a specified reasonable throughput volume per station to
reach the total required number of stations. 1In modifying the
formula, the Board increased the fuel volume adjustment factor to 0.75
in the first two years and 0.90 in the third year. The effect is to
multiply the number resulting from the calculation by 3.0 in the first
year, by 1.5 in the second year, and by 1.8 in the third year relative
to results under the originally proposed formula.

The modifications to the formula were connected to deletion of
the distribution requirement. 1In the original proposal, the same fuel
volume adjustment factors applied to calculating volumes for both the
distribution requirement and retail outlet requirement. Relatively
low values were chosen for the early years because of potential
difficulties suppliers would have in distributing their assigned

- volumes of fuel. With deletion of the distribution requirement, the

adjustment factors no longer need to be so conservative in the early

years. The modified values were chosen to make the results of the

calculation commensurate with the minima; i.e, to ensure that if the

number of vehicles is great enough to support more than the minimum

number of clean fuel outlets, more than the minimum will be required.
¢

b. Required numbers statewide of outlets for liquid cl
fuels in 1997 and later years

Under the original proposal, the statewide required number of
liquid clean fuel outlets in 1997 and subsequent years was calculated

- from the same formula that applied during 1994-1996, without the South

Coast adjustment factor. The adopted regulation provides that in
1997, the number of outlets statewide shall be the greater of (i)
twice the number of outlets required in the South Coast in 1996, or
(ii) the number of outlets calculated by the modified formula with the
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fuel volume adjustment factor increased to 0.90 (again without the
South Coast adjustment factor). For 1998 and later, the required
number of additional clean fuel outlets shall be calculated solely
based on the modified formula. (§ 2304(a).)

The minimum required number of stations for 1997 will assure that
the number of outlets will increase in that year relative to 1996 as
the program becomes statewide for the first time. Also, it will
encourage locating the new outlets in urban areas outside the South
Coast at a geographic density similar to the density existing in 1996
in the South Coast. As is the case during the South Coast phase of
the program, too low a density of clean fuel outlets in the rest of
‘the state would harm the effort to encourage the maximum use of clean
fuels in FFVs and to facilitate the introduction of dedicated clean
fuel vehicles. The same factors supporting modification of the
formula for 1994-1996 apply to the formula for 1997 and the subsequent

years.
c. Required I f outlets f liquid ¢l fuel

such as CNG

The changes to the formula for determining the required number of
clean fuel outlets discussed above for liquid fuels apply as well to
outlets of nonliquid fuels such as CNG. The minimum required numbers
for liquid fuel outlets in the early years of the program were added
primarily as a partial substitute for the deleted distribution

requirement. Since the distribution requirement did not
+ L

ovisions—were not made applicable to

—tt " < prov

CNG. (§ 2304(a).) This treatment was further justified by the
substantially higher cost of CNG outlets and the likelihood that a
higher percentage of CNG vehicles will be in fleets.

d. Required number of CNG outlets--adjusting for existing_
outlets

When CNG outlets become required (assuming CNG satisfies the
criteria for a clean fuel and more than 20,000 CNG Tow-emission
vehicles are projected), it is likely there will already be some
existing CNG retail outlets owned by persons who are not owner/lessors
of gasoline stations. If the number of required outlets is not
adjusted on account of these preexisting retail outlets, the total

number of retail CNG outlets would likely exceed the required
[
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number.5 While that situation would not be undesirable in terms of
public availability of CNG, it could represent an unecondmic over-
building of capacity to dispense CNG. The economic concern stems from
the high capital investment required to create an outlet for CNG.
Accordingly, the Board modified the regulations so that the required
number of CNG outlets is adjusted to account for preexisting retail
CNG outlets if the criteria described below are met. (§ 2304(a)(5).)

First, the owner/lessor of the CNG outlet must not be the
owner/lessor of any retail gasoline stations. If the owner/lessor did
have such stations, no special provision would be necessary because
the owner/lessor could simply count the station against his or her
required number. Second, because the station will substitute for a
required CNG outlet, it must meet the design criteria for required
clean fuel outlets. Third, for an outlet in the South Coast, it must
be installed by November 30, 1992. For other outlets, the necessary
installation date is November 30, 1995 or earlier. These criteria are
necessary so that only preexisting stations are covered and the
Executive Officer has sufficient leadtime for determining the final
required number of stations. Fourth, the outlet must be in operation
at least 13 months prior to the beginning of the year for which it is
counted, in order to provide some assurance it will in fact be in
operation in the year it is used to reduce the required number of
stations. Finally, a station meeting all of the above criteria could
not be constructively allocated to a gasoline station owner in
satisfaction of that owner's requirement for CNG outlets. Otherwise,
the station could in effect be double-counted.

e. Minimum number of clean-fuel vehicles

In the original proposal, there would be no required number of
retail outlets for a clean fuel assigned for any year in the 1994-199¢
South Coast phase of the program if the expected number of low-
emission vehicles certified on the fuel and operated in the South
Coast at any time during the year would not exceed 10,000. (former $
2335(d).) The minimum number for triggering new outlets in the South
Coast has been changed to the same criterion for triggering new
outlets after 1996: 20,000 vehicles statewide. (§ 2304(a)(1).)

Since about half of all low-emission vehicles are expected in the
South Coast (based on the existing distribution of vehicles in the

5. The total number of CNG retail outlets would not exceed the required
number if all the pre-existing outlets were constructively allocated by

their owners to owner/lessors of gasoline stations. However, the payments

~exacted by the owners of the preexisting CNG outlets could be regarded as

windfall profits. The Board concluded that it would be unfair to put
owner/lessors of gasoline stations in a position of choosing between making
such payments or over-building the CNG dispensing capacity with the
accompanying reduced throughput per individual station.

-17-
07046



state), this change should have a minimal effect but it will eliminate
the problem of having to estimate precisely how many of the state's
clean fuel vehicles will be in the South Coast. 1In addition, the
basis for calculating the minimum number of statewide clean fuel
vehicles has been revised to be identical to methods used for making
other estimates of the numbers of clean fuel vehicles. (8§

2304(a)(1), 2303(b).) This will simplify the determinations and
enhance uniformity.

4. Changes to the calculation of maximum clean fuel demand
for purposes of determining required numbers of clean

fuel outlets

A key component of the formula for determining the required
number of clean fuel outlets is the determination of projected maximum
volumes of clean fuels, made by the Executive Officer pursuant to
section 2303. For each year, the Executive Officer will determine
what clean fuels are expected to be used as certification fuel, and
estimate the number of low-emission vehicles certified on a particular
clean fuel that will be on the road or newly produced during the year.
An estimate is then made of the amount of clean fuel that those
vehicles will use in the year, assuming in the case of FFVs that the
vehicles will always be fueled with the clean fuel. Various
modifications have been made to the approach in the original proposal.

#: [Extimatings o TgabiE]

The original proposal directed the Executive Officer to estimate
the number of low-emission vehicles certified on each clean fuel and
operated in the quarter. This has been revised to refer, for each
year and each clean fuel, to the sum of (i) number of low-emission
vehicles certified on the fuel and projected by manufacturers to be
manufactured in the corresponding model year, and (ii) the number of
low-emission vehicles certified on the fuel and registered with the
Department of Motor Vehicles ("DMV") through September 30 of the year
two years prior to the year for which the estimates are being made.
The estimates described in the modified regulations more closely
reflect the primary available sources of data--vehicle manufacturers'
production estimates and DMV records. (§ 2303(b).)

b. Lalgu]atino the projected maximum volumes of clean fuel

‘ yehicles

The procedure for calculating the total fuel volume for low-
emission vehicles certified on a particular fuel has been clarified in
several respects to make the calculations more accurate. The
regulation states expressly that the calculation is separate for each
model year and each of three weight classes of vehicles. A separate
calculation for dedicated low-emission vehicles has been eliminated
because it was appropriate only for the distribution requirement. The
units of volume have been clarified to be gallons of gasoline
equivalent in energy to the amount of the clean fuel in question. (§
2303(c).)
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In the original proposal, the maximum clean fuel demand was
calculated quarterly. This was because the calculation was used as
the basis of the minimum volumes of clean fuels assigned quarterly
under the distribution requirement. Since the required numbers of
retail clean fuel outlets are only revised on a yearly basis, the
calculations of maximum clean fuel demand have been modified so they
are also made on a yearly basis.

d. Clean fuel dispensed at private locations

In the. originally proposed formula for determining the required
number of clean fuel outlets, the total projected maximum clean fuel
volume determined in accordance with section 2303 was reduced by the
volume of clean fuel dispensed at nonretail (fleet) outlets. (§
2304(a)(4).) This treatment was modified so that only the clean fuel
volume dispensed at nonretail outlets -emissi i is
subtracted. Much LPG and CNG that may be dispensed at fleet locations
may be used by vehicles that are not low-emission vehicles. It would
be undesirable to subtract such fuel from the amount of clean fuel
that determines the number of clean fuel outlets available to the
public, since the calculated projected maximum clean fuel volume
includes only clean fuel used in low-emission vehicles.

5. Other changes to the retail outlet requirements
a. (Clarification and refinement of the underlying retail
outlet requirements

The basic retail outlet requirements established in sections 2301
and 2302 (former §§ 2330 and 2332) were modified and refined in
several respects. The requirements originally applied for each
calendar quarter. In any quarter that a person (in 1994-1996 only a
major gasoline supplier) is the owner/lessor of an operating retail
gasoline outlet, the person would have to equip the required minimum .
number of his or her outlets as clean fuel outlets for the entire
quarter. As noted elsewhere, the assignment of the required minimum
number of clean fuel outlets is made on a yearly basis under the
adopted regulation. To avoid potential hardship, the terms in
sections 2301 and 2302 were modified so that the retail outlet
requirements only apply during periods that a person is the
owner/lesSor of an operating gasoline outlet (and in 1994-1996 are
major gasoline suppliers).

For a given gasoline station owner/lessor, the required number of
clean fuel outlets will not decrease over time (unless the total
number of vehicles certified on the clean fuel drops below 20,000).

- Providing for such reductions would introduce major complications in

reallocating the reduction to other owner/lessors. If a gasoline
station owner/lessor should dispose of some gasoline stations, he or
she could be left with fewer stations than the number of clean fuel
outlets already required by the time of the sale. To avoid this
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problem, the original proposal has been changed so that the basic
retail outlet requirements will in any case be satisfied with regard
to a particular clean fuel if all of an owner/lessor's operating
gasoline stations are equipped to dispense the clean fuel.

b. Changes to the schedule for notifving station owners of

As in the original proposal, the final regulations require the
Executive Officer to inform each affected gasoline station
owner/lessor of the person's required number of clean fuel outlets at
least 12 months before the date on which the clean fuel dispensing
equipment must be operational. However, the regulations have been
modified to also require the Executive Officer to transmit a
preliminary estimate of the eventual requirement at least 18 months
before the operational deadline. (§§ 2304(d) and 2307(e); see also
§ 2303.) This is needed to provide the owner/lessor sufficient time
to satisfy the new requirement to submit proposed locations of outlets
to the Executive Officer, described in section II.B.6.b. below. If
the owner/lessor does not know the required number until 12 months
before the operational deadline, it would be logistically difficult to
await the ARB's review of proposed locations before beginning
installation. The basis for the preliminary estimates will be
slightly different from the basis of the final projections, as the
available sources of data will be less precise at the earlier date.

S ity of 11fying CNG out let

In the original proposal, a CNG outlet could qualify as a clean
fuel outlet only if the dispensing device is capable of four hours of
operation daily at an average fill rate of at least 600 standard cubic
feet per minute (scfm). The intent was to assure that CNG vehicles
could be filled as quickly as gasoline vehicles. However, the cost of
meeting a specification of 600 scfm could be high, raising the cost of
the system above $250,000 (compared to $50,000 for methanol dispensing
capability). Also, such a specification could restrict other
desirable design features. Therefore, the minimum fill-rate
specification for CNG outlets was changed to a capability of four
hours of high volume operation per day. This should
satisfy the objectives of fast fills and flexibility. (§§ 2301(b),
2302(b).)

®. Requirements regarding the siting of clean fuel outlets

In the original proposal, it was assumed that the distribution
requirement would create a strong incentive for gasoline station
owner/lessors to locate clean fuel outlets in a way that would
maximize the volumes of clean fuels sold to motorists. With the
deletion of the distribution requirement, there could be a decreased
likelihood that clean fuel outlets are sited in an efficient manner
with an adequate geographic distribution. Therefore the Board added
provisions imposing general standards for the siting of clean fuel
outlets, and requiring individual owner/lessors to consult with staff
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of the ARB and the Energy Resources, Conservation and Development
Commission (the "CEC") after .all owner/lessors have submitted
preliminary locations. (§ 2309(a).)

a. Criteria for choosing the locations of clean fuel outlets

Section 2309(a)(1) of the adopted regulations provides that in
determining the locations of clean fuel outlets, a gasoline station
owner/lessor shall provide a reasonable geographical dispersion of the
outlets and place the outlets in locations that are convenient to
drivers of low-emission vehicles that operate on the particular clean
fuel. These requirements were added to help assure that drivers of
clean fuel.vehicles will have reasonable access to clean fuel outlets.
It would be inappropriate, for instance, for a major gasoline supplier
to site all of its outlets for a given clean fuel in the immediate
vicinity of the clean fuel terminal.

The regulation also provides that any clean fuel outlet that was
equipped to dispense a clean fuel as part of the CEC's methanol
demonstration program will be deemed to satisfy the siting criteria.
The methanol demonstration program is a voluntary effort to encourage
the early installation of methanol outlets. Outlets are equipped
pursuant to an agreement with the CEC. Since one of the factors the
CEC considers is the adequacy of the location, there is 1ittle need to
impose any additional requirements regarding the choice of these
Tocations. It would be inappropriate and inefficient for the Board's
regulations to prevent the use of methanol outlets originally equipped
pursuant to the CEC's program.

b. Submittal of preliminary sites of clean fyel outlets

Section 2309(a)(2) of the adopted regulations requires that
gasoline station owner/lessors who have received preliminary estimates
of their required minimum number of clean fuel outlets must submit
proposed locations of outlets to the ARB, along with optional
locations equal to at least 20 percent of the required number. The
submittal will be due 15 months before the outlets have to be
operational. Following submittal of the proposed locations, the
owner/lessors must consult with the staff of the ARB and the CEC
regarding optimal locations. Since proposed locations will be
submitted by each gasoline station owner/lessor that will have to
install clean fuel equipment, the agency staffs will have a much more
complete picture than any individual entity of the overall matrix of
potential locations. Thus the agency staffs will be able to provide
useful input not otherwise available. The reference to CEC staff was
included because of that staff's expertise developed through
administration of the methanol demonstnatinnupnogpamTAMA4%hough”/ T o

-~ consultation with the agencies' staff is required, the regulation does
~not authorize the staff to dictate locations to the gasoline station
owner/lessors.
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7. Requirements on how clean fuel outlets are equipped.,

As discussed elsewhere, it is likely that a substantial
proportion of the clean fuel low-emission vehicles will be FFVs
(flexible-fueled), particularly in the early years. The operators of
these vehicles will choose whether to purchase clean fuel or gasoline
each time they fuel their vehicles. With the original proposal, it
was expected that the distribution requirement would provide a
powerful incentive for clean fuels to be marketed in a manner that was
sufficiently attractive to induce drivers of FFVs to purchase clean
fuels and therefore achieve the full emission benefits of the vehicle
control technology. 1In the absence of the distribution requirement,
the Board decided to add requirements to help assure that clean fuels
are offered in a manner no less attractive than the gasoline being
offered at the outlets, so that FFVs will not be discouraged from
purchasing clean fuels. These requirements include provisions
applicable both to the owner/lessor and to the operator of a clean
fuel outlet. (§§ 2309(b), 2310(a).)

a. Requirements imposed on the owner/lessors of clean fuel

outlets

Adopted section 2309(b) provides that the owner/lessor of a clean
fuel outlet counted against the assigned minimum number of outlets
must do all the following:

* put the clean fuel dispensers in a Tocation substantially as
accessible and as visible to a customer entering the station
as are the gasoline dispensers (dispensers equipped to
dispense clean fuels as part of the CEC's methanol
demonstration program more than a year before the ARB's
requirements apply will be deemed to satisfy this criterion
for the reasons described in section II.B.6.a above);

* ensure that the clean fuel dispensers are substantially as
well-marked and as clearly identified as the gasoline
dispensers with regard to the type of fuel;

* maintain lighting which keeps the clean fuel dispenser area
substantially as well-illuminated as the gasoline dispensing
area when the outlet operates at night; and

* ensure that customers using the clean fuel dispensers have
substantially the same access to services such as canopy
coverage, air and water, vending, and restrooms as do
customers using the gasoline pumps in the same service mode.

Each of these requirements is designed to help assure that the driver
of an FFV entering the station will find the clean fuel facilities at
least as attractive as the gasoline facilities.
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In addition, certain gasoline station owner/lessors.must provide
a training program for attendants that teaches them to answer
customers' questions about the clean fuels, or a functionally
equivalent alternative. Such training or equivalent is necessary
because neither the attendants nor the customers will be as familiar
with the clean fuel as they are with gasoline. This requirement
applies only to a gasoline station owner/lessor that is a distributor
or refiner who authorizes operation of the station under franchise;
such entities are most 1ikely to have the appropriate resources to
provide the training. Finally, the owner/lessor must maintain the
clean fuel dispensers in good working order. Inoperable dispensers
will not provide the requisite availability.

b: Requirements imposed on the operators of ¢lean fuyel
outlets

Adopted section 2310(a)(3)-(7) contains new requirements that the
operator of a clean fuel outlets counted against an assigned minimum
number of outlets must do all the following whenever gasoline is
offered at the station:

* keep the clean fuel pump area substantially as well-
illuminated as the gasoline dispensing pumps;

* during the time the clean fuel is offered for sale, have
present at least one attendant who has been trained in the
training program discussed in thg preceding subsection, or
provide a functional equivalent;

* keep the clean fuel pump area and pad substantially as clean
as the gasoline pump area and pad;

* provide a clearly visible sign indicating that clean fuel(s)
are being offered for sale;’ and

* conspicuously post on the dispenser the price of clean fuel
- for the volume that provides the energy equivalent to a
gallon of gasoline; for this purpose, the regulation
specifies energy contents for several fuels that are most
likely to become clean fuels.

—————————

6. This requirement applies only if the gasoline station owner/lessor is
required tQﬂEEOYigggthemtnainingmprogramﬁor¢éﬁUTV§1ent since in other cases

"~ “the program may not be available to the operator.

7. To avoid a situation where the operator is precluded by law from
complying, the regulation states that the operator shall not be required to
display a sign in a manner inconsistent with applicable local ordinances.

-23-
07052



The first two operator requirements track requirements described
in the previous subsection applicable to owner/lessors of clean fuel
outlets. The requirement regarding cleanliness will help keep drivers
of FFVs from being discouraged from purchasing clean fuels. The sign
requirement will help assure that motorists know a clean fuel is
available at the service station. The energy equivalent price
requirement will enable motorists to more accurately compare the
prices of various clean fuels and gasoline.

As in the original proposal (former §§ 2331 and 2333), adopted
section 2310(a)(1) requires the operators of clean fuel outlets
counted against an assigned minimum number of outlets to store a
commercially reasonably quantity of the clean fuel and to offer it for
sale to the public. Consistent with the new provisions designed to
assure that the clean fuel is offered as attractively as the gasoline,
the regulation has been clarified to provide that requirements on
storing and offering the clean fuel apply during the periods that
gasoline is for sale at the station. Finally, section 2310(a)(2)
requires the operator to maintain the clean fuel dispensing equipment
in good working order, so that the fuel will in fact be available.

S-Wmmmm;mw_
outlets regarding supplying clean fuels

The regulations require that operators of clean fuel outlets
counted against an assigned minimum number of outlets have the clean
i osal, there was a

'“EfFaﬁarwTE§1Tﬁasa“fﬁit*aﬁéritéF?‘W6u1a‘hHVE‘pTentffuT*whoiesaﬂtr*“”‘ﬂ'*’"“"

supplies of clean fuels because gasoline suppliers would be seeking to
satisfy the distribution requirement. With the elimination of the
distribution requirement, there could be a potential danger that
operators of clean fuel outlets would have difficulty obtaining the
necessary supplies of clean fuel. In most cases, the operators of
gasoline stations are not directly involved in motor vehicle fuel and
would have difficulty supplying clean fuel themselves. Therefore
section 2309(c) contains new provisions designed to assure that the
operators of clean fuel outlets will have reasonable access to
adequate supplies of clean fuels.

The owner/lessor of the clean fuel outlet is the person or entity
best suited to bear some responsibility for supplying clean fuels. As
noted in footnote 3, whenever a refiner or distributor has an
ownershiptor lease interest in the service station, the refiner or
distributor is the "owner/lessor.* Thus in most cases the
owner/lessor of the station will have both some access to a supply
network and a concrete connection with the station. This is most
vividly the case in the critical early years when the program applies
only in the South Coast, as only major gasoline suppliers will be
station owner/lessors during that time. Consideration was given to
imposing clean fuel supply obligations on all gasoline suppliers, but
there was concern that it would be inappropriate to impose such
requirements on upstream-only suppliers who have neither a
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distribution network to stations nor a concrete relationship with
service stations. .

The responsibitity of the station owner/lessor to supply clean
fuel to the station is implemented by making the owner/lessor jointly
Tiable with the station operator in certain circumstances for a
failure to have clean fuel at the station and available for sale.
Under section 2309(c)(1), the potential Joint liability is triggered
by the station operator's request that the owner/lessor of the station
provide for the delivery, within a specified time not less that 72
hours from the request, of specified commercially reasonable
quantities of a clean fuel on commercially reasonable terms. The
owner/lessor's joint liability for clean fuel not being available for
retail sale at the station will start with the requested date of
delivery unless the owner operator either (i) supplies the requested
fuel within the specified timeframe and terms, or (ii) identifies a
third party capable and willing to make such supplies.

The structure of the requirement will help assure the station
operator that supplies of clean fuel will be available, while
affording a good deal of flexibility to both the operator and the
station owner/lessor. Most arrangements for supplying gasoline to
service stations call for supplies in 72 hours or less. Therefore the
72 hour reference in the regulation would put the clean fuel on
roughly the same footing as gasoline. It would be inappropriate to
require the station owner/lessor to supply the clean fuel under terms
or conditions that are not commercially reasonable.

The overall objective of the supply provisions is to make sure
that clean fuels are in fact available, not to create substantial
liabilities. Section 2309(c)(2) provides that each time the
owner/lessor of a clean fuel outlet submits notification of final
outlet locations, the owner/lessor must describe how he or she intends
to comply with the supply requirements. This provision is designed to
encourage timely planning for compliance, as well as to provide the
Executive Officer with early information regarding potential supply
problems. In order to assure that the description is adequately
detailed and that the owner/lessor has engaged in appropriate
planning, the regulation identifies several relevant areas of
information that must be provided.

9. Relief from liability
t

To prevent undue hardships, two kinds of provisions have been
added which allow relief from liability in extraordinary situations.

a u s n

_Wﬂ,mwmLanguagewwaS"adaéaf§f6V7aing that the supply requirements for
owner/lessors of clean fuel stations (§ 2309(c)(1)) and the retail
outlet requirements for operators of clean fuel stations (§
2310(a)(1)) do not apply if the person demonstrates he or she is
unable to comply because of a natural disaster, an act of war, a civil
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disorder, or the operation of law. In these narrowly defined
circumstances, any liability would not be appropriate.

b. Relief for breakdowns of CNG equipment

Section 2311 of the adopted regulations relieves owner/lessors
and operators of CNG outlets from violations resulting from breakdowns
of CNG dispensing equipment in certain circumstances. Because CNG
compressors are much more expensive than dispensers for liquid fuels,
a CNG outlet will probably have only one compressor. Therefore it is
appropriate to have a relief provision applicable only to CNG outlets.
With respect to other fuels, station owner/lessors can be expected to
have installed multiple dispensers or extra outlets as back-ups for
disabled outlets.

Under the regulation, minor and major breakdowns of CNG
dispensing equipment are treated differently. A minor breakdown is
one that can be repaired in 72 hours or less. (§ 2300(a)(19).) 1In
order to be relieved from liability, an owner/lessor with a minor
breakdown must (i) report it within four hours of the time he or she
learns or reasonably should learn of the breakdown, (ii) repair it as

-quickly as reasonably possible not exceeding 72 hours, (iii) report

completion of the repair within twelve hours and describe future
corrective actions to be taken, and (iv) demonstrate that the
breakdown was caused by reasons beyond the owner/lessor's reasonable
control. These provisions are patterned after breakdown rules of the
local air pollution control districts (e.g. South Coast Air Quality
Management District rule 430). They are designed to assure that
relief is available only when the otherwise liable person has acted
prudently, and the shutdown period is as brief as possible. In the
case of a major breakdown, up to six months relief is available.
Because of the longer downtime, the person seeking relief must submit
a plan on how the repair will be made as soon as reasonably possible.

10.  Recordkeeping and Reporting Requirements

The original proposal required gasoline suppliers, clean fuel
suppliers, and persons who would generate credits by selling CNG or
electricity to record and report many kinds of data on the volumes and
dispositions of clean fuels. (former §§ 2320, 2321, 2322, and 2323.)
The data would have been needed in enforcing the distribution
requirement. With the deletion of the distribution requirement, the
number of‘reporting parties and the scope of the required data have
been greatly reduced. A1l of the original reporting requirements for
fuel suppliers have been eliminated. Instead, adopted section 2314
simply requires that persons who first introduce clean fuels into
commerce in California submit quarterly reports of the volume of clean
fuel distributed by the person in the quarter, broken down between
production and imports. Such data will allow the ARB to estimate how
much clean fuel is being used by low-emission vehicles.

Requirements that gasoline station owner/lessors submit annual
reports on the locations of their clean fuel outlets were moved but
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not substantively changed. (former § 2339; adopted § 2309(d).)

The due-date of required annual reports by gasoline station
owner/lessors of regarding the number and location of all gasoline
stations was changed to track the dates the Executive Officer must
assign preliminary numbers of clean fuel outlets. (former § 2340;
adopted § 2312.)

The requirement for fleet operators to report the volume of clean
fuel they expect to supply to their fleet vehicles in the following
year was changed to clarify that the information shall be for fuel
dispensed into low-emission vehicles. (former § 2341; adopted §

2313.) The amount of a clean fuel expected to be dispensed into low-
emission vehicles at private dispensers will be subtracted from the
volume that will determine the required number of public clean fuel
outlets. 1In addition, the due-date for the reports were changed so
that the data can be used for the Executive Officer's annual
preliminary estimates.

11. Determination of Violati

The original provisions on determining violations of the
distribution requirement were eliminated. Provisions were added on
determining violations of the new requirements imposed on
owner/lessors of clean fuel outlets regarding how the outlets are
equipped and maintained. (§ 2315(b).) Because the requirements
pertain to activities at individual service stations, the same
approach was used as applies to violations by service station
operators. The other provisions regarding violations by gasoline
station owner/lessors and operators were refined to reflect other
modifications to the regulations. (§ 2309(a),(c).)

12. Substitute Clean Fuels

Section 2317 (former § 2345) allows requirements pertaining
to a particular clean fuel to be met with a substitute fuel that has
been determined to have an equivalent emissions performance and. that
has been approved by the Board by regulation. The provisions on
comparing toxic emissions of the two fuels were modified. Under the
original proposal, mass emissions of each of four toxic compounds from
the substitute fuel and the clean fuel would have been compared
separately. The adopted regulation provides that the sum of the
emissions of those compounds, each weighted by a specified value for
its carcifhogenic potency, is to be compared between the two fuels.

The original criterion was unnecessarily stringent and could have led

to the rejection of a substitute fuel that actually would cause lower

overall risk than does a clean fuel. Conforming changes were made to

the incorporated "California Test Procedures for Evaluating the
Emission Impacts of Substitute Fuels or New-Clean Fuels* (the

APSHbstitute'FUGT”TEEY‘Procedure“). ’

In addition, a modification was made to allow the clean fuel
requirements to be met with a substitute fuel immediately upon the
Board's approval of the substitute fuel, rather than at the beginning
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of the next quarter as stated in the original proposal. .This will
afford the regulated public additional flexibility. The regulatory
language was also modified to make clear that if a person chooses to
comply with a substitute fuel, all requirements regarding the clean
fuel will apply to the substitute fuel.

Finally, the Substitute Fuel Test Procedure was clarified. It
originally was drafted to reflect the assumption that the existing
fuel against which a candidate new or substitute fuel should be tested
would always be gasoline. However, gasoline would not be appropriate
as the comparison fuel for testing in non-gasoline vehicles capable of
using the candidate fuel. Since it has been the underlying intent
that emissipns from such vehicles be included in the evaluation of a
candidate fuel, the Substitute Fuel Test Procedures were modified to
specify that for vehicles not certified on gasoline, the comparison
fuel will be the certification fuel.

13. Definitions

The Board made a number of modifications to the definitions in
section 2300. Definitions of terms no longer used in the regulation
were deleted. Several definitions were added or modified to enhance
clarity. Three of the more substantive modifications are described
below.

The definition of “designated clean fuel" (§ 2300(a)(5)) was
modified to clarify that CNG will be included when the California
Public Utilities Commission certifies that gasoiine retailers may sell
CNG without being regulated as a public utility. This better
expresses the concept reflected in the original language regarding
retailers being able to purchase CNG from a public utility and resell
it for use as a fuel in motor vehicles. 1In addition, the provisions
regarding when the PUC's certification triggers applicability to CNG
were clarified. As modified, the retail outlet requirements would
apply to retail outlets for CNG starting with the first year that
commences 18 months after the PUC certification. This will allow for
orderly planning for and review of CNG outlet locations.

The definition of "major gasoline supplier" was changed in
response to public comments (see Comments 180 and 182 below).

The definition of "vehicle conversion" was modified to include
only vehitles not originally certified to a low-emission standard. A
vehicle conversion is a vehicle that has been converted into a low-
emission vehicle using a designated clean fuel or CNG. The
modification was made to prevent a vehicle originally certified as
low-emission vehicle on gasoline or diesel from being double-counted
as both a low-emission vehicle and a vehicle conversion, and to allow
vehicles converted into CNG low-emission vehicles to be counted in
determining the number of retail outlets to be required. The
definition was also expanded to identify the criteria for determining
whether a converted vehicle is capable of meeting low-emission vehicle
standards.
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III. SUMMARY OF PUBLIC COMMENTS AND AGENCY RESPONSES

The Board received numerous written and oral comments, both in
connection with the September 27-28, 1990 Board hearing and during the
subsequent 15-day public comment period. Attachment B contains a list
of all persons who presented comments during the comment periods,
including the date and form of each comment and the shorthand
identification of the commenter as used in this Final Statement of

-Reasons.

Set forth below is a summary of each objection or recommendation
made regarding the the specific regulatory actions proposed, together
with an explanation of how the proposed action was changed to
accommodate each objection or recommendation, or the reasons for
making no change. The comments have been grouped by topic whenever
possible. Comments not involving objections or recommendations
specifically directed towards the proposal action or the procedures
go}lowgd by the ARB regarding the rulemaking are not summarized

elow.

A number of commenters generally supported adoption of the
proposed regulations. These commenters included the Sierra Club, the
American Lung Association, the North East States for Coordinated Air
Use Management ("NESCAUM"), U. s. Congressmen Henry Waxman and Jderry
Lewis, State Senators Hershel Rosenthal and Bill Leonard, State
Assemblyman Lloyd Connelly, the Sacramento Board of Supervisors,
eleven of California's Air Pollution Control Districts, the South
Coast and Bay Area Air Quality Management Districts, and several
individuals and private organizations.

Many of the commenters supporting the regulations emphasized that
mobile sources are the major source of ozone precursor emissions in
California. Several legislators, including Lloyd Connelly and Hershel
Rosenthal, stated that timely adoption of the regulatory action is

————————

8. Both the proposed low-emission vehicle/clean fuels regulations, and
proposed phase 1 reformulated gasoline regulations, were noticed for the
same two gay meeting of the Board. Some written comments covered both sets
of regulations. Comments pertaining to the phase 1 reformulated gasoline
regulations are not summarized here.

In preparing the modifications to the originally-proposed clean fuel]
regulations, the staff conducted an informal consultatignmmggtingﬁ(wnrkshop)

on the q[gj;w[gggjgtgnyntextwoanecember”IZ;wISBUT The letter announcing

~the consultation meeting noted that comments made before or at the meeting

would not be considered formal comments in the rulemaking, and that only
comments received during the subsequent 15-day comment period would be part
of the record of the rulemaking. The record accordingly does not include
comments presented at the consultation meeting. '
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essential if California is to overcome its current serious air quality
problems. Congressman Henry Waxman also emphasized the key role that
adoption of the regulations would play in achieving national energy
security. Several California Air Pollution Control Districts and Air
Quality Management Districts adopted resolutions expressing their
support for the regulations and stating that adoption of the
regulations is essential to the achievement and maintenance of the
state and federal ambient air quality standards. NESCAUM described
the regulations as achieving an impressive balance between clean air
objectives and the various economic, infrastructure and political
ramifications associated with the introduction of new fuels and new
vehicle emission control technologies. Comments in support of the
proposed regulations are not summarized below.
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A. Comments Pertaining Generélly to Both the Low-Emission
Vehicle and Clean Fuels Regulations

1. Comment: The ARB should sponsor economic incentive programs
to stimulate market demand for low-emission vehicles and clean fuels.
The economic incentives should include one or more of the following:

(a) The ARB should offer an incentive for a specific term to
induce the first few retail outlets to begin offering new fuels
without the full market risk. (WSPA)

(b) The ARB should consider a tax incentive program to make both
the new vehicles and fuels more competitive. These include tax
credits for both the consumer (vehicle sales and/or registration fees
and gasoline taxes) and producer (business income tax, investment
credits, etc.). The reason that the staff gave for not including such
a program--that the ARB does not have the legal authority to implement
such a program--is not sufficient. (EDF, LP Coalition, Arco)

(c) The ARB should work with the California legislature in
drafting economic incentive legislation that would stimulate market
demand for low-emission vehicles and clean fuels. If substantial
subsidies or concessions are necessary to overcome customer reluctance
to particular vehicles, fuels, or technology, the ARB should make
appropriate revisions in its policies and seek more acceptable
alternative approaches to seeking its goals. (Chrysler, EDF)
Economic incentives are necessary because of our concerns about the
willingness of the public to accept the vehicles and fuels that will
be required, especially vehicles with electrically heated catalysts
and their 20-40 second warm-up times. (Chrysler) Without cost
incentives for alternative fuels to make them marketable, customers
will not respond accordingly by fueling their cars with these new
fuels. (AIAM)

The ARB does not have the statutory authority
to establish a program that provides incentives through either a tax
program or other mechanism to encourage the introduction of lTow-
-emission vehicles and clean fuels. Only the Legislature can do that.
To the extent that incentive programs are found to be appropriate and
beneficial, we are prepared to work with the Legislature in the
developmept of such a program.

2. Comment: Based on recent studies, actual in-use emissions of
CO and HC may be three times greater than estimated by ARB because of
inadequate emission test procedures and/or underestimated

deterioration rates. ARB should update its emission-inventories angd =~

-emission reduction strategies to reflect this, especially in
consideration of this proposal. (EDF)

- The ARB is currently examining the emissions
inventory to identify sources which may affect its accuracy. The
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impact of off-cycle emissions is being investigated with the intention
of establishing future control measures if its impact is significant.
As part of this investigation, preliminary tests have been conducted
by the ARB to assess the effects of acceleration on emissions under
various driving conditions. The results have confirmed that emissions
can be substantially higher during moderate to high accelerations than
during the accelerations on the FTP cycle. The ARB believes that
lower emission standards and improved control of off-cycle emissions
should both be pursued. ‘

3. Comment: There must be a better way to achieve the goal of
improving our environment without placing unfair financial burdens on
unwilling participants. We should worry more about the existing high
polluters rather than future vehicles, which will emit even less
pollutants than today's cars due to improved technology. More
consumer education would also be helpful to encourage nonpoliuting
behavior and habits. (Hail, Honda)

Agency Response: The ARB and the local districts are engaged in
a wide range of programs to reduce air poliution. These include an
enhanced Smog Check program geared to reducing the emissions from
high~emitting vehicles, and vehicle trip reduction programs. However,
those programs are not projected individually or cumulatively to
achieve the state ambient air quality standards for ozone in the South
Coast. Health and Safety Code section 43018 requires the Board to
i i ission reduction possible

et

attainment of the state standards at the earliest practical date, in
order to comply with ambient air quality standards. The adopted
regulations are necessary and appropriate under that mandate.

4. Comment: The ARB's proposed plan does not move quickly
- enough. Even if the program succeeds in meeting its proposed
emissions reduction goals, it still will not be sufficient to bring
the South Coast Air Basin into compliance with state or federal
ambient air quality standards. We therefore urge the Board to
cho;porate wherever possible the most aggressive strategy possible.
EDF

Aggn;x_ﬂgipgnig: We have attempted to do so, consistent with the
requirements of Health and Safety Code sections 43013 and 43018.

5. Comment: I oppose the proposed regulations because we need
to go way beyond them to totally eliminate fossil fuel in
transportation. We need a constitutional amendment or initiative or
referendum requiring all nonprivate fleet vehicles to be converted to
non-fossil-fuel propulsion within four years. A1l private vehicles
should be converted to non-fossil-fuels in the subsequent four years.
(Wachtel/Quail)
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Under Health and Safety Code sections 43013 and
43018, the Board cannot adopt.motor vehicle or fuels regulations
without first finding they are technologically feasible. It is not
technologically feasible at this time to mandate the total replacement
of fossil fuels in transportation in the timeframe proposed by the
commenter. However, the adopted provisions on ZEVs should help foster
the introduction of vehicles operated on other than fossil fuels. The
adopted regulations also represent a significant advancement in
achieving the air quality goals in California, and establish the
world's most stringent vehicle emissions standards. The Board does not
have the authority in this rulemaking to require the complete
substitution of non-fossil fuels in nonprivate fleets in the next four
years. T

6. Comment: Annual reviews of the implementation of the low-
emission vehicle and clean fuels regulations are necessary. The
reviews should include an assessment of the feasibility of meeting the
low-emission vehicle standards, the status of development of ZEVs, the
extent to which clean fuels are available, the emissions impact of
different fuels, the real world air quality benefits, and consistency
with other regulations. (GM)

Agency Response: In Resolution 90-58, the Board directed the
Executive Officer to report by the spring of 1992, and thereafter at
least biennially, on the status of impiementation of the program,
identifying any significant problems and proposing any appropriate
regulatory modifications. The staff plans to review implementation of
the regulations on an ongoing basis. In addition, the California
Administrative Procedure Act gives the public the right to petition
for modifications to any regulation.

7. Comment: The ARB must specify the degree of opportunity
afforded the public to review the biennial reports and make comments.
(WSPA) )

: In Resolution 90-58 the Board stated that the
Executive Officer shall consult with the regulated public and other
interested parties during the preparation of the biennial reports, and
that the public shall be provided an opportunity to make oral and
written comments to the Board in conjunction with the reports.
t
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B. Comments Pertaining to the Low-Emission Vehicle Regulations
Made Before or at the Hearing

1. General technological feasibility within the available
leadtime

8. Comment: We believe that the standards and impiementation
schedule for the low-emission vehicle regulations are not
technologically feasible within the available leadtime.

The previously-adopted 0.25 g/mi NMHC standard, 100,000 mile
durability, OBD II requirements, revised MDV standards, revised
evaporative. emission standards, and other new requirements will all
become effective in the 1993-1995 model-years. Additionally, more
stringent federal emission standards are a near certainty in the same
timeframe. With all this, we urge the Board to consider the resource
implications for vehicle manufacturers of any further requirements.
The number of technical experts and available financial resources are
finite. Emission control expertise requires years to develop.
Because of inadequate lead-time, rushed development of new technology
could result in customer dissatisfaction and possibly tampering or in-
use emissions exceedances. (Chrysler, Volvo, GM, Nissan, Ford, MVMA,
EMA/MVMA, AIAM, Honda, VW)

Health and Safety Code section 43018(a) directs
the Board to endeavor to achieve the maximum degree of emission
reduction possible from vehicular and other mobile sources in order to
accomplish the attainment of the state ambient air quality standards
at the earliest practicable date. The need for major additional
emission reductions is set forth in Chapter I of the Staff Report.

The ARB is faced with a mandate to achieve dramatic reductions in
motor vehicle emissions in a very short timeframe. At the same time,
there must be careful consideration of feasibility before any emission
control proposal is brought to the Board. We believe that the adopted
regulations appropriately reflect both the need to achieve maximum
emission reductions at the earliest practicable date, and the need for
the standards to be technologically feasible and cost effective.

We have expended considerable effort in demonstrating that it is
feasible and cost effective to meet the low-emission vehicle
requirements. For example, many test vehicles have been equipped with
advanced emission control technologies and, through extensive testing,
have showh potential in meeting the stringent standards. The data
demonstrating the technological feasibility of the low-emission
vehicle program are set forth in Chapter II of the Staff Report and in
Chapter II of the TSD. Data were also presented by staff at the
hearing. (Transcript, Day 1, pp. 17-27 and accompanying slides.)

-~~~ Significant emission control system advances may not be necessary
to meet the earlier year fleet-average requirements. Since vehicles
already meet a 0.4 g/mi NOx standard, compliance with the TLEV NOx
standard should not be a concern. For hydrocarbon control, many 1990
and 1991 model-year vehicles have NMHC levels below the TLEV standard
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with emission levels as low as 0.067 g/mi. (See Chapter II.A. of the

TSD.) This may allow a sufficient margin for in-use compliance with

the TLEV NMOG standard of 0.125 g/mi. Technology such as heated fuel
preparation systems which have been installed on California-certified
vehicles may be used to secure an even larger margin for in-use

compliance.

For the later years of the low-emission vehicle program, there is
adequate leadtime to develop advanced emission control technology to
meet the fleet-average requirements. ARB test vehicles utilizing
electrically-heated catalyst ("EHC") systems have been successful in
meeting the ULEV standards at approximately 4,000 miles. Although
more durability testing is needed, this technology has shown
considerable promise in meeting the LEV and ULEV standards. Other
potential technical strategies to comply with the regulations have
been identified in the TSD. Regarding the ZEV mandate, competitive
electric vehicles such as General Motors' Impact have been developed
and may satisfy the ZEV requirement for the 1998 model-year once
issues regarding battery life are resolved.

In addition, the low-emission vehicle regulations are designed to
provide flexibility in the means of compliance where needed. Examples
include fleet average standards, separate in-use standards, and a
credit banking/trading system. While there are some minimal
requirements in 1994, the bulk of the requirements do not take effect
until the 1997 model-year. Also, in the initial years, manufacturers
i i any shortfalls in meeting

“the fleet average NMOG standards. — —— ——

Finally, if the ARB's projections prove to be overly optimistic,
amendments to the regulations can be considered as part of the Board's
biennial review of the status of implementation and technological
development.

9. Comment: The proposal will most likely fail because it is
premised on two high-risk expectations--(a) the expectation that
technology forcing standards will bring forth the innovations needed
in the required timeframe, and (b) the expectation that the public
will accept the added cost and inconvenience associated with the
alternative fuel vehicles and EHCs needed to meet the standards. The
staff is proposing standards that are not technologically feasible.
The staff"s expectations are overly optimistic and will place an
intolerable burden on manufacturers. (Chrysler)

Agency Response: The ARB has historically set the pace for
manufacturers to meet progressively more stringent vehicle emission

standards. Without technology-forcing standards, it is doubtful that
voluntary efforts would be expended to develop and employ the best
available emission control technology. For example, catalytic
converters and feedback fuel control were developed to meet stringent
vehicle emission standards in the late-1970s and early-1980s. The
success of this strategy indicates that ARB has been reasonable in
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gauging the stringency of proposed standards. The additional cost of
EHC systems and specific alternative fuel technology is not
significant considering the anticipated emission benefits. The
inconvenience of fueling alternative-fueled vehicles is expected to be
minimal since the requirements of the proposal ensure the availability
of alternate fuels if manufacturers develop these vehicles. In any
event, although we expect the regulations to be successfully
implemented, the biennial reviews provide an opportunity for the Board
to consider changes if needed. See also the response to the preceding
comment .

10. Comment: The fleet-average requirements should be treated as
targets until there is a consensus among responsible organizations
such as the U.S. EPA and the National Academy of Science of the
technological feasibility. (Fiat)

The technological feasibility of meeting the
fleet-average requirements is discussed in detail in the response to
the first Comment in this section; for the reasons stated there we
believe that the fleet-average requirements can be met. However, we
will be monitoring the progress of implementation and amendments to
the regulations can be considered by the Board if necessary as part of
the biennial review process.

11. Comment: We recommend that the Board adopt an alternative
implementation schedule for the fleet average emission standards. It
would only delay the 0.25 g/mi NMOG average requirement one year from
the Staff proposal. It would also result in a fleet average which
differs by only 0.009 g/mi from that proposed by staff in the year
2003. (AIAM, Honda)

Agency Response: AIAM characterizes their proposed schedule as
only a delay of the 0.25 g/mi fleet average by one year and a 0.009
g/mi increase of the 2003 model-year fleet average. However, the
suggested changes in the schedule attached to their comment letter
increase the fleet average for each model year from 1995 through 2003
with an increase of as much as 97% for the 2000 mode) year. The
proposed schedule is not acceptable since it would delay efforts to
attain ambient air quality standards by significantly diminishing the
emission reductions expected from the low-emission vehicle
regulatiods. The cummulative effect of allowing ten model-years of
vehicles over their useful lives to meet a significantly less
stringent standard would be excessive. Further, any relaxation of the
requirements is unnecessary since we believe the adopted regulations

are -technologically feasible for the reasons set forth in the response. == -
to the first comment in this Section. - —

12. Comment: We recommend the adoption of only the TLEY
standard, beginning in 1996 rather than 1994, but at an initial rate
of 20% rather than 10%. The proposed fleet average NMOG emission
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standard concept (including banking and trading) should also be
adopted. The future lower emission standards for LEVs and ULEVs and
related phase-in schedules should be delayed. If the Board wishes to
establish a plan for further emission reductions beyond the 1996 model
year, that should be approved as a long-range plan rather than as a
regulation. The plan should include a well-defined protocol for

further regulatory requirements. (Ford)

¢ The proposed de]ay§ are not necessary for the
reasons stated in the response to the first comment in this Section.

13. Comment: Compliance with the proposed 1994 model-year
requirements could necessitate the redesign of as much as 25% of 1994
model-year passenger vehicles, because the proposal is contradictory
with the stringent HC and CO standards adopted by the Board in 1989.

(MVMA, EMA)

The original schedule for the 1994 mode! year was 20% of 0.39
g/mi HC vehicles and 80% of the 0.26 g/mi HC vehicles. With the new
schedule for the 1994 model year, 0.25 vehicles will need to be
redesigned because the effect will be 22.5% production of TLEV
assuming 0.39 HC remains at 20%. This cannot be done without
Jeopardizing quality and reliability of the new vehicles. In addition,
the evaporative emissions rulemaking approved in August 1990 gives
manufacturers one more year leadtime than this rulemaking. (GM)

in June, 1989 requires 80% of a manufacturer's sales to be certified
to 0.25 g/mi NMHC in the 1994 model year, with the remaining vehicles
certified to the 0.39 g/mi NMHC standard. The regulations adopted in
the current rulemaking establish fleet-average NMOG requirements
beginning in the 1994 model year and allow a considerable amount of
flexibility in the means of compliance. Since the fleet-average
requirement in 1994 is 0.25 g/mi, manufacturers could certify 100% of
their fleet to a 0.25 g/mi NMHC standard (resulting in a 20% redesign =
~of 0.39-vehicles) or convert only 10% of the 0.39 g/mi NMHC vehicles
to TLEVs. This should not pose a significant technical problem since
currently certified vehicles have already been able to achieve
emission levels well below the TLEV standards as described in the
response to the first Comment in this Section.

The ieadtimes provided in this rulemaking and the evaporative
emissions rulemaking are based on the comparative steps required to
comply with the respective requirements. We believe that adequate
leadtime is provided in this rulemaking for the reasons set forth in
the response to the first comment in this Section.

14. Comment: When the 0.25 g/mi NMHC standard was adopted in
1989, the phase-in schedule allowed enough time to experiment with new
emission control technology. The new standards overlap the phase-in
schedule and, thus, will not allow for this. The 0.25 g/mi NMHC
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standard should be completely phased-in before the low-emission
standards are implemented. (Chrysler, Honda, GM)

1991 model-year vehicles are already being produced, 1992
vehicles are undergoing certification, 1993 vehicles have already been
designed, and 1994 vehicles are under final development. In spite of
this schedule, the planned resource allocation would have to be
interrupted to meet a standard for the 1994 model-year which is twice
as stringent as expected for that model-year. (AIAM)

Agency Response: We believe that compliance with both the
adopted regulations and the 0.25 g/mi NMHC standards is
technologically feasible for the reasons stated in the response to the
previous comment and the response to the first Comment in this
Section. ‘

15. Comment: The proposed regulations do not allow for stepwise
progression in the development of more sophisticated emission control
system hardware and in-use performance evaluation in the hands of the
consumer. (VW, Honda, AIAM) Therefore, the standards cannot be
considered technologically feasible. (VW, ‘Nissan, MYMA/EMA, AIAM)

: See the response to the first Comment in this
section. We believe the implementation schedule is technologically
feasible. Prototype technology to meet the standards already exists
and there is sufficient leadtime for refinements and durability
testing. The ARB's certification testing requirements to demonstrate
emission system durability sufficiently assures adequate performance
of these systems in-use.

16. Comment: 1In 1989 when the proposed 0.25 g/mi NMHC standard
and 100,000 mile durability requirement were approved, the ARB
recognized that the emission standards would require the most advanced
technology available for the timeframe considered (1993-1995). Then
why is ARB requiring even more stringent standards by the 1994 model
year? (Chrysler, GM) :

Since the 1989 rulemaking for 0.25 g/mi NMHC
was adopted, new more promising emission control technologies have
emerged. Advances in fuel preparation systems, electrically heated
catalyst dystems, and improvements in alternative fuel technology are
a few developments that show promise for reducing emissions. These
technological advancements, coupled with the emission reductions
called for by the California Clean Air Act, prompted the ARB to
establish more stringent control measures to significantly reduce
mobile source emi§§jgn§4ﬂ,§jnce;the—phase-in*of“cieanéffVéﬁTETEs
~begins sTowly under the adopted regulations, only a limited number of
Tow-emission vehicles would be required for the 1994 and 1995 model-
years. Additionally, manufacturers will be allowed until the 1997
model-year to balance shortfalls in meeting fleet-average standards
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incurred in the 1994 model-year, and shortfalls incurred .in the 1995
through 1997 model-years could be balanced by the 1998 model-year.

17. Comment: The new NMOG standards adopted by the Board in 1989
that apply starting with the 1993 model year still represent an
engineering challenge. In addition to tighter standards, useful life
was doubled to 100,000 miles. These new requirements inherently add
4-7 months to a certification program alone, not to mention long-term
in-use testing and monitoring, and place an enormous burden on
engineering, test and development personnel. (AIAM)

Manufacturers have already had notice of the
100,000 mile useful life requirements, and should be adjusting their
development schedules to accommodate the additional durability testing
needs. Diminished durability requirements should not be expected for
future regulations. However, to alleviate the burden of in-use
compliance with the low-emission standards, less stringent in-use
standards are provided for the initial years of TLEV, LEV, and ULEV
introduction, as discussed in Chapter I.B.3. of the TSD. See also the
response to the first comment in this section.

18. Comment: Although the ARB has shown that some vehicles
already meet TLEV emission levels at certification, manufacturers
typically strive to certify vehicles at approximately 50% of the
standard to compensate for test and production variability as well as
emissions in-use. (Chrysier, AIAM) Further, this safety margin must
be even larger for very low emission levels because the effects of
test-to-test variability are greater. Fuel preparation systems, as
envisioned by the ARB, will be inadequate to meet TLEV standards.
(Chrysler)

Agency Response: Certification and other test data indicate
emission levels of 0.067 g/mi to 0.090 g/mi NMHC for several 1991
model-year light-duty engine families. (See Chapter II.A. of the TSD.)
These low emission levels were achieved using conventional technology
such as heated oxygen sensors, multipoint fuel injection, air
injection and three-way catalysts. Since these vehicles are already
certified very near 50% of the TLEV standard, fuel preparation systems
can be used to secure an even greater margin of safety for compliance.
There is little concern over the effects of test-to-test variability
at very low emission levels since the ARB has been testing vehicles at
ULEV Tevels with no significant repeatability problems.

19. Comment: Close-coupled catalysts and secondary air injection
using electric air pumps or heated fuel preparation systems require
technology that is currently beyond mass production techniques. 1In
addition, there are many issues to confirm such as durability,
deterioration.characteristics and evaluation of emission control
systems. Furthermore, additional studies must be completed to
determine the ability to reduce the production variation within the
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emission system. As a result, it is uncertain when we can introduce
TLEVs into the market. (Nissan)

Close-coupled catalysts have been successfully
used in California-certified vehicles since at least the 1983 mode1-
year. Heated fuel preparation systems are also being used in
certified vehicles which must undergo the standard certification
durability test requirements. Manufacturers have indicated plans to
use electric air pumps with current vehicle technology for 1992 model-
year certification. Since these technologies are developed, there is
ampie leadtime to design an emission control system utilizing any or
all of these technologies to meet the TLEV standards. Regarding
production variability, as the emission standards become progressively
more stringent, the tolerance of production variation will also be
more limited. Manufacturers will have to employ appropriate measures
to address this issue utilizing the leadtime provided. '

20. Comment: It may be easier to meet TLEV NMOG standards for
FFVs but there is concern over the inherent problems with methanol
such as component wear or the need for development of special engine
0il and reduction of formaldehyde emissions at low temperatures.
Confirmation of the emission deterioration and durability of FFVs is
insufficient at this time. (Nissan)

Methanol powered FFVs continue to have problems with formaldehyde
at high mileage, especially at formaldehyde levels in the 15 mg/mi
range. Aldehydes are generated in large quantities during catalyst
light-off, therefore hardware with rapid light-off (e.g., close-
coupled or electrically heated catalysts) will be required for FFVs.
Other technical issues also need resolution before FFVs will be ready
for production, including the fuel sensor, engine oil, vapor
management, hot fuel handling, cold start and materials
specifications. (Ford)

The lower reactivity of methanol fuel does give
FFVs an advantage over gasoline in meeting the NMOG standard.
However, gasoline-powered vehicles have already demonstrated NMHC
levels well below the TLEV standard as described in the response to
the first Comment in this Section. Nevertheless, if manufacturers
choose to develop FFVs for TLEV certification, there is adequate
leadtime to resolve issues such as component wear. Also, special
engine oils have been developed and are being used in experimental
FFVs. Regarding formaldehyde emissions, low-mileage vehicles
participating in ARB-sponsored test programs have been able to achieve
formaldehyde levels as low as 0.5 mg/mi under normal Federal Test
Procedure ("FTP") temperatures. This may allow a sufficient cushion

to meet the 15 mg/mi formaldehyde standard. -

21. Comment: According to staff, TLEV standards will not
necessarily require significant modifications to current engine design
and control technology. Yet, for the 0.25 g/mi HC standard, it
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concedes that dual oxygen sensors and close-coupled catalysts may be
required. To further reduce cold start HC and CO emissions, use of
heated PTC elements and combined air and fuel injectors is suggested.
These changes require redesign of the intake manifold, additional
hardware, and development time. (AIAM)

Agency Response: The strategies cited in the TSD are only

suggested approaches to meet the low-emission standards. The ARB is
confident that manufacturers will be able to design and develop an
emission control system capable of meeting the TLEY requirements in
the suggested timeframe as discussed in the response to the first
Comment in this Section. Still, if there are doubts in meeting the
fleet-average requirements for the initial years of the proposal,
section 1960.1(g)(2) note (7) allows deficits incurred in meeting the
1994 model-year fleet-average requirement to be balanced by the 1997
model-year and deficits incurred in the 1995, 1996, and 1997 model-
years to be balanced by the 1998 model-year.

22. Comment: Achieving TLEV standards on heavier vehicles with
large displacement engines may require EHC systems and achieving LEV

- standards may require EHC systems on FFVs, contrary to the ARB's

projections. (Nissan)

Agency Response: See response to the first Comment in this

section.

23. Comment: The Staff Report makes broad claims on the
potential improved fuel economy and reduced engine wear by using
improved fuel preparation systems but there is no technical data,
besides a few laboratory tests. 1In reality, the leaning capability
may be Timited therein limiting the amount of cold HC and CO reduction
as well as other benefits. (AIAM)

Agency Response: Although substantial data on fuel economy and
reduced engine wear are not available, heated fuel preparation systems

have been of great interest to manufacturers worldwide over the past
several years because of emission reductions, lower cost of emission
control, and better cold starting and cold start drivability. One
manufacturer certified an engine family to the same NMHC standard for
two different model-years with essentially the same emission control
system exéept a heated fuel preparation system was used instead of a
close coupled catalyst on the later model. The emission reduction
potential (as much as 55% reduction of HC) and the low cost of this
technology make it an attractive option. Many vehicles utilize a
relatively larger amount of fuel (lower air-fuel ratio) at cold start
to compensate for the problem of cold engine starting which typically
results in higher cold start emissions and higher fuel consumption.
Heated fuel preparation systems can be used to improve cold starting
and cold drivability with improved emission control through improved
atomization of the fuel. However, manufacturers are not Timited to
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the development of heated fuel preparation systems. Other potential
emission control options are cited in the TSD.

24. Comment: Concurrent introduction of LEVs and ULEVs in 1997
is optimistic and counters the natural evolution of new technology;
these standards should be ramped up slowly to accommodate effective
piloting of new technology. (Ford, AIAM) Twenty-five percent year-to-
year increases and concurrent introductions are too aggressive. (Ford)

Agency Response: Manufacturers are not required to

simultaneously introduce LEVs and ULEVs. The Tleet-average
requirements provide the flexibility to delay LEV and ULEY
introduction to the 1999 and 2000 model-years, respectively. We
believe that the adopted schedule is reasonable since prototype
technology to meet these standards already exists and there is ample
leadtime for refinements and durabijlity testing. For example, ARB
test vehicles utilizing EHC technology have demonstrated emission
levels below the ULEV standard. However, should technology
developments to meet the low-emission standards falter, modifications
to the regulations can be considered by the Board as part of the
biennial review.

25. Comment: Emission data for the feasibility of heated fuel
preparation systems and EHC technology on large cars, light-duty
trucks, and medium-duty vehicles are not offered that Justify setting
the proposed lower standards. (Ford)

The ARB has already installed and tested an EHC
system on a relatively large vehicle (a 3.8L Buick LeSabre) with
emission levels consistently below the ULEV standards. Also, a 3.0L
vehicle equipped with a heated fuel preparation system achieved a 30-
50% reduction in hydrocarbon emissions. These data were presented at
the Board hearing (Transcript, Day 1 pp. 20-22 and accompanying
slides.) Based on axle ratio, tire size, and other engine load
considerations, previous testing has shown that larger passenger cars
and light-duty thucks have equivalent difficulty in meeting the
standards. As such, the applicability and performance of heated fuel
preparation systems and EHC systems on light-duty trucks should be
comparable to that of larger passenger cars. The low-emission
standards have been set proportionately higher for medium-duty
vehicles, ‘and with this adjustment we expect the technology to. work
adequately on larger vehicles. The EHC may be placed further
downstream on medium-duty vehicles to withstand increased temperatures
in the exhaust resulting from higher load conditions experienced by
larger vehicles.

26. Comment: Meeting LEV and ULEV standards through use of EHC
systems is dubious since this technology has not been well developed
for practical use: the prolonged warm-up time may promote tampering,
power requirements will necessitate improved battery technology,
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increased weight of the battery may harm fuel economy, and durability _
of the EHC system has not been proven. (Chrysler, GM, AIAM, Mercedes, B

Nissan, Ford, Toyota)

: With current ARB testing of EHC technology, a
10-20 second heating time has been achieved depending on the exhaust
system configuration. Reduced heating times are expected in the very
near future through use of capacitors now being developed to provide
electrical energy more quickly to the EHC than conventional batteries.
For example, Isuzu has developed a new “ultra capacitor® which they
claim provides about 40 times the starting power of a conventional
battery, is lighter, less expensive, will last at least ten years and
recharges in less than 30 seconds. Emitech has developed an
electrically heated catalyst system which does not require preheating.
Further, remote control capabilities exist which will allow the EHC to
begin heating as the driver approaches the vehicle before starting
(e.g. remote alarm systems now in widespread use allow unlocking the
vehicle using a transmitter). For these reasons, staff does not
expect heating time to be an insurmountable issue.

Although the EHC does have significant power requirements, ultra
capacitors can provide the necessary power instantaneously. Also,
high capacity batteries available today can provide sufficient power,
though at a slightly slower rate than an ultra capacitor.

Durability characteristics of an EHC would be comparable to that
of conventional catalysts since the metal substrates used are similar.

. [ SO .k-.--ic‘ui'l—h LTONAT_TaTA VST aoOes . 8 g
achieve an adequate level of effectiveness increases. This increase
in "lTight-off" time results in higher emissions as the catalyst ages.
However, the ARB is testing the EHC system with preheating to a high
initial temperature to compensate for this aging effect; this could
then yield lower deterioration than conventional catalysts.
Durability of the EHC system is currently being evaluated through
mileage accumulation of ARB test vehicles.

27. Comment: The ARB assumes that ULEV standards can be achieved
through use of EHC technology in conjunction with improved fuel
preparation systems on alternate-fueled vehicles as well as through
use of electric vehicles. As stated before, the EHC system is not
developed and Chrysler's only alternate fueled vehicles being
researched, M85 vehicles, do not show promise in meeting very
stringent NMOG standards. Furthermore, although Chrysler is
considering production of the electric-powered TEVan, it will not be
developed and ready for sale by the ULEV deadline. (Chrysler)

: Since current demonstration programs of M85
vehicles indicate that there are no extensive development needs and
sufficient leadtime has been provided to complete the development of
EHC systems, ULEV standards may be achieved through use of the EHC
system on M85 vehicles. Testing of a fuel-flexible Chevrolet Corsica
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equipped with an EHC system has shown emission results on M85 (prior
to reactivity adjustment) as low as 0.018 g/mi NMOG.

Besides dedicated electric vehicles such as the TEVan, the ULEV
standard may also be-achieved by hybrid electric vehicles. This
strategy is being pursued by General Motors which is committed to
producing the Impact electric vehicle and possibly a hybrid electric
vehicle, probably by the mid-1990s. Even though the suggested
introduction schedule of ULEVs occurs in the 1997 model-year,
manufacturers have the flexibility in the averaging program to delay
production of ULEVs to the 2000 model-year should more leadtime be
needed.

"

28. Comment: The ARB claims that the high temperature resistance
of today's advanced catalysts will allow for equivalent in-use
performance of EHCs. This is not a valid conclusion because of
effects such as telescoping of the unbrazed metal substrate. (Ford,
Toyota)

Although the issue of "telescoping" of the

-catalyst was a problem for initial EHC designs, a new design has been
.developed which offers a higher degree of protection from telescoping

under high temperature conditions. This design utilizes stronger
metal supports within the catalyst to prevent this problem. Several
other mechanical designs have been developed which mitigate concerns
about mechanical stability, e.qg., the Emitech catalyst design.
Regarding deterioration in catalyst activity, the ARB is testing an

EHC system utilizing higher initial temperature preheating to

compensate for aging effects typical of conventional catalysts with
similar metal substrates. Durability of EHC systems on ARB test
vehicles is currently being evaluated through mileage accumulation.

29. Comment: The feasibility of the 0.2 NOx standard is very
questionable on a long term in-use basis. (Ford, GM) The ARB staff
does ‘not identify a technical approach to achieve 0.2 g/mi NOx. CNG
vehicles have less capability than gasoline-powered vehicles to meet
this level as experienced by Ortech International. (Ford)

Agency Response: In Chapter II.B.6. of the TSD, staff identified
many certified engine families which have achieved NOx levels below
0.10 g/mi‘using conventional technology. Low NOx levels may be
maintained in-use through the use of dual oxygen sensors and increased
catalyst loading of Rhodium with improved washcoat durability. Some
1991 model-year certified passenger cars utilizing three-way

- catalysts, heated oxygen sensors, EGR, and electronic fuel injection

developed for use with CNG systems to meet the 0.2 g/mi NOx standard
for LEVs, or other strategies may be explored since there is adequate
leadtime for design and development before compliance with 0.2 g/mi
NOx may be needed. However, manufacturers are not limited to the
development of CNG vehicles to meet the ULEV standard.

have NOx certification levels at 0.03 g/mi-. —These-technologies may be
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30. Comment: The data on CNG vehicles indicate that NMOG levels
range from 0.1 to 0.2 g/mi; hence there appears to be some question in
achieving the NMOG standards. Also, system cost, weight and volume,
engine modification, vehicle range, and vehicle safety compliance must
be resolved. (Ford)

A number of CNG vehicles in the ARB's test
fleet have consistently achieved NMOG levels below 0.1 g/mi (before
reactivity adjustment). Although there may be a higher initial cost,
this may be offset by the lower cost of the fuel and maintenance. The
weight of the CNG tank and the volume it occupies may make CNG more
suitable for larger vehicle applications. However, it is possible to
redesign the tanks for passenger car applications to maintain
reasonable cargo space. Further, the overall weight may be reduced
by using lighter-weight tanks such as composite-reinforced aluminum
tanks which are approximately 25% lighter than commonly used composite
steel tanks. Ample leadtime and flexibility are offered so that
engine modification issues can be resolved. We acknowledge that since
the energy content per fuel gallon of CNG is less than gasoline, the
operating range is effectively reduced. However, vehicles may be
designed to carry more fuel or operate on both gasoline and CNG to
increase the operating range. Also, safety compliance is not a major
concern since CNG vehicles have been widely used for many years
without significant safety-related mishaps.

31. Comment: Our engineering efforts could lead to a diesel
vehicle meeting the 0.08 g/mi particulate standard, with hydrocarbon
emissions potentially at the ULEV standard, significantly lower CO
emissions, no evaporative emissions, and superior C02 emissions. The
only difference between such engine technology and gasoline technology
is the inability of the diesel engine to meet the 0.4 NOx emission
limits. Therefore the staff should be directed to report back with a
specific proposal for future light-duty diesel standards which would
reduce the NOx standard to a technologically-feasible level, while
achieving maximum hydrocarbon and particulate reductions.

In addition, the 0.04 g/mi particulate standard cannot be
technologically justified and should be proposed with alternative
diesel standards at a later date. (Mercedes)

Although the ARB recognizes some inherent
benefits of diesel engines, the adopted regulations are designed to be
fuel neutral. The same standards apply to all vehicle-fuel
combinations, on a reactivity-adjusted basis. Therefore, it would be
inappropriate for the ARB to make special allowances for vehicle/fuel
systems incapable of meeting the standards when other potential
technologies exist to meet the standards, as discussed in the response
to the first comment in the Technological Feasibility section.
Further, should manufacturers chose to develop diesel vehicles to meet
the ULEV standard, there is adequate leadtime before the production of
ULEVs may be needed.
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32. Comment: Staff should work closely with manufacturers to
review data on emerging technology so that California consumers will
not be forced to accept technology which will not hold up in the
field. (Mercedes)

Agency Response: The ARB staff.has been working closely with
vehicle manufacturers on these issues, and will continue to do so.

2. Zero-Emission Vehicles

33. Comment: As a result of slow battery technology
developments, there is significant doubt about the likelihood of new
advanced battery technology being available in the time mandated under
the regulations. This would have a dramatic impact on the potential
consumer acceptance of such technologies, as well as the staff's cost
projections. (Mercedes). State-of-the-art electric vehicle technology
has been demonstrated to provide limited driving range, poor
performance and costly operation, which would lead to unfavorable
consumer acceptance. (VW, Toyota). Concerns with electric vehicles
include battery weight, volume, life, cost, and vehicle range
Timitations. (Ford) The ZEV mandate could be unproductive because
they could irreparably harm the consumers' view of the new technology.
(Ford, Nissan) The Board should drop the ZEV requirement and consider
it a goal. (Mercedes, Ford, Chrysler, Yolvo)

The efforts to develop battery technology in
the past, although significant, have not been pursued with the
intensity that the ZEV mandate ensures. General Motors, Chrysler and
Ford have initiated a consortium for the advancement of battery
technology with a possible budget of $190 million over the next three
years. Current research efforts have been concentrated towards
development of more commercially viable advanced batteries. Since the
ZEV requirement does not apply until the 1998 model-year, there is
sufficient time to develop better-performing batteries. Additionally,
General Motors has indicated it plans to introduce its Impact electric

- vehicle by 1996, and this vehicle is competitive in performance to
gasoline-powered vehicles, although battery life is less than desired.
The increased cost of electric vehicles is expected to be minimal as
GM, for one, is working hard to make electric vehicles competitive in
the marketplace. If the ZEV mandate was dropped and left to be
considered a goal, the efforts cited above and the technological
advancemehts necessary to meet ARB's air quality goals would most
likely be delayed.

34. Comment: The cost of operating electric vehicles on

foreseeable battery technology in Europe has been $1/mile. These =~

~ —costs have not been factored into the staff analysis. (Mercedes)
The low cost of electricity in California is

one of the factors expected to make electric vehicles appealing to the
consumer. We estimate the operating cost of an electric vehicle in
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the 2000 model-year to be $0.024/mi compared to $0.057/mi for premium
gasoline meeting current fuel.-specifications. The electric vehicle
operating cost includes the cost of conversion losses in producing
electricity at the power plant and the cost of installing an outlet to
dispense electricity. This calculation is derived from data in
Chapter IX of the TSD, assuming a 24.3 mi/gal vehicle efficiency.
Other assumptions on electric vehicle efficiency are provided in
Appendix B-1 of the TSD. Southern California Edison has been
considering a special lower rate for off-peak hour charging which may
reduce this cost even further.

36. Comment: Considering the current state of battery
technology, the incremental additional cost of an electric vehicle
will be $6,000 to $20,000, and not $1,300 as staff predicted.
(Mercedes, Chrysler)

: The ARB's cost estimates for electric vehicles
are based on consultation with experts from Aerovironment, an
engineering firm involved in the development of the GM Impact electric
vehicle. These estimates take into account high production volumes
and technological advancements expected by the year 2000. The higher
incremental costs claimed by manufacturers would apply only to today's
conditions where technology needs development and there is no volume
production of electric vehicles. Lower priced, better performing
batteries are expected to emerge from research programs such as the
Unit i tric vehicles of the

~ future are a Ts,‘om to operate rhore efficiently and, thussbe—— - — -

less demanding of the battery. As the ZEV production requirements
increase, vehicular cost will decrease.

36. Comment: In order to encourage the use of electric vehicles,
an alternate program, not intended to substitute electric for gasoline
vehicles, is more sensible and could be established without mandatory
sales and purchase requirements. Electric vehicles can be
successfully introduced into the marketplace after a concerted
research effort and public demonstration program in cooperation with
government, universities, and industry is completed. (Toyota) The
requirement to produce ZEVs should be eliminated. However,
manufacturers should be given credit for production of electric
vehicle technology. This would provide an incentive for the
developmert of such vehicles. (Honda) 4

* ~ The primary objective of the adopted
regulations is to achieve substantial emission reductions in an
attempt to attain the state and federal ambient air quality standards.
Therefore, the ARB has established stringent, yet technologically
feasible, vehicle emission standards. Although the ARB is not
requiring electric vehicles to satisfy the ZEV mandate, electric
vehicle technology exists and, in fact, has been utilized for many
years in selective applications. The 1998 model year implementation
date for the ZEV requirements allows sufficient leadtime to refine
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this technology for widespread commercial use. It was necessary to
establish the ZEV mandate in order to assure the development of
vehicles with zero emissions in-use. Without the mandate, the
emission benefits through large-scale use of ZEVs could not be
achieved.

37. Comment: Since current technology electric vehicles cannot
replace conventional vehicles and may only be used for limited
purposes, the ZEV mandate will not contribute significantly to air
quality improvements. Also, if fleet-average standards are imposed,
the mandate is superfluous and unjustified. (Nissan)

Current technology electric vehicles, such as
General Motors' Impact, are very competitive in performance with
conventional vehicles. Although battery life is a concern, electric
vehicles require less maintenance and the cost of recharging is much
lower than fueling requirements of conventional vehicles. The energy
capacity of current batteries is limited, but the average commute trip
is well within the operating range of an electric vehicle on a single
charge. With the lead-time provided, issues regarding battery life
are expected to be resolved. Large-scale production will reduce the
cost of an electric vehicle, and strategies to resolve infrastructure
issues are being considered by a number of utilities. For these
reasons, there is little concern of the commercial viability and
public acceptance of electric vehicles.

The fleet-average requirement will ensure substantial emission
reductions regardless of the vehicle emission category mix. However,
we believe that the significant penetration 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 developed without the limited,
measured ZEY sales requirements in the regulations. Also, greater
overall emission reductions are expected through use of ZEVs since,
unlike conventional vehicles, ZEVs have no emission deterioration in-
use.

38. Comment: We do not believe a specific mandate requiring
certain percentages of production to be ZEVs is appropriate. This
kind of regulation is a technology mandate and not an emission
performance mandate since internal combustion engines cannot possibly
have zero‘emissions under all conditions and no other technology
exists to meet ZEV requirements. (GM) We are uncomfortable with
mandated electric vehicle production. Your goal is low emissions, and
mandating certain technologies to achieve that may not be the best way
to get there. (Aerovironment)

- : Manufacturers are not limited to the
development of electric vehicles or refinement of internal combustion
systems to meet the ZEV requirement. Other technologies such as fuel
cells may be developed to meet the ZEV mandate. As such, the ZEV
mandate is not a technology mandate. Although these technologies
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require further development for commercial application, ZEV production
requirements do not begin until the 1998 model-year, and ZEV credits
may be bought to satisfy the mandate if a particular manufacturer
needs additional leadtime.

39. Comment: Emissions which may occur at the point of
electricity generation for ZEVs should be taken into account and the
vehicle consequently reclassified as an LEV or ULEV as appropriate.
(EDF) It is important to acknowledge that electric vehicles are not
zero-emission vehicles. We cannot ignore the emissions from power

plants. (CCA, VW)

Aggngi;ﬂggngngg: A1l motor vehicle power sources have some
emissions associated with their generation and/or distribution. For

instance, there are refinery emissions associated with the production

- of gasoline. For the purposes of establishing standards for the
various tiers of low-emission vehicles, we believe it is appropriate
to look only at exhaust emissions of the vehicles. In doing so, we do
not intend to suggest that there are no emissions associated with the
generation of electric power for electric vehicles. However, when
such emissions are taken into account, emissions per electric vehicle
are still substantially less than the ULEV standards.

40. Comment: The emissions resulting from use of auxiliary

heaters in electric vehicles are negligible, and these vehicles should

7 therefore qualify-as ZEVs. (SCE, Aerovironment, GW, Ford) —This would — —— — = —

create an incentive for the production of these vehicles. (SCE) An
electric vehicle with a fuel-fired heater would not be used during
high ozone periods when ambient temperatures are abnormally warm. (GM)

Agency Response: By definition, zero-emission vehicles produce
no emissions of any criteria pollutant under all operational modes and
conditions throughout the 1ife of the vehicle. Therefore, if electric
vehicles utilizing auxiliary heaters have negligible emissions at
certification and can demonstrate that there is no increase in
emissions resulting from deterioration of the heater, the Board could
consider amending the regulations in the future to designate such
vehicles as zero-emission vehicles. However, we need to develop more
information regarding heaters for electric vehicles and their
emissions before a modification to the regulations would be
appropriate.

It is not certain that heaters would not be used under seasonal
conditions which are likely to include high ozone days. As noted on
page 27 of the Staff Report, in the South Coast Air Basin morning low
temperatures drop to about 50°F. This is low enough for there to be
a reasonable possibility that heaters may be used by some motorists.

41. Comment: The Federal Motor Vehicle Safety Standard 103 RS
requires vehicles to have defrosting and defogging capabilities.
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Could electric vehicles do this and would anyone in California buy a
car without air conditioning? - With all this, is there really such a
thing as a ZEV? (AIAM, Volvo)

Electric vehicles may utilize power from the
battery to operate air conditioning, heating, defrosting and defogging
units without depleting the energy supply to a great extent. Current
experimental high-efficiency heat exchanger units allow continuous
operation of an electric heater or air conditioner while sacrificing
as low as 10% of the vehicle range. Further refinement of these
systems may reduce this power requirement even further. Since these
systems derive power from the battery alone, the electric vehicle
would still-qualify as a ZEV.

42. Comment: For electric vehicles utilizing auxiliary
combustion heaters, where is the test procedure outlined for these
heaters and what standard would they have to meet? (AIAM)

Agency Response: Testing requirements for electric vehicles
utilizing auxiliary combustion heaters have already been provided in

the LDV/MDV Test Procedures, section 4.b.2. Manufacturers will be
required to determine, based on the minutes per mile of the CVS test
cycle, the emissions per mile resulting from use of the auxiliary
heater. Based on the emissions from the heater, a statement of the
standards to which the vehicle complies will be required at
certification.

43. Comment: Based on current research of ZEVs and short-range
HEVs, it may be counterproductive to promote ZEVs or HEVs with long
electric-only ranges. Due to these uncertainties, the HEV and ZEV
regulations should be proposed after more research is done in this
area. (HEY)

The ZEV minimum production requirements were
established to promote development of vehicles with zero emissions in-
use. Should manufacturers select electric vehicle technology to meet
the ZEV standards, the ZEV requirements will ensure the necessary
battery development for production of competitive electric vehicles
with adequate driving range. Since the ZEV production requirement
occurs in'the 1998 model-year, sufficient lead-time has been provided
for developing battery technology. Depending on the degree of success
in developing batteries with greater energy storage capability, the
credits provided to hybrid electric vehicles for their minimum
operating range when operating on batteries only can be modified. For
now, the ARB wishes to maintain incentives for developing better

batteries rather than prematurely providing hybrid vehicles with

‘credits for a mediocre operating range before the on-board engine is

activated.
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44. Comment: HEVs that have an internal combustion.engine as a
backup source should be counted toward the ZEV mandate if the HEV is
operated on its zero emission energy source most of the time. At the
very least, they should be counted toward the ZEV mandate based on the
percentage of battery versus engine operation. (GM) HEVs that can
operate at least 40 miles on a battery charge should be designated as

ZEVs. (SCE)

The adopted regulations reflect a conservative
stance toward special provisions for HEVs because, unlike ZEVs, HEV
emissions are expected to deteriorate in-use due to the existence of
the auxiliary engine. Also, as batteries deteriorate in HEVs, use of
the auxiliary engine would probably increase. Incentives to produce
HEVs, such as allowing HEV credits to substitute for the ZEV mandate,
will delay battery development for better performing ZEVs (and,
therefore, HEVs). However, since HEV development is in the initial
stages, the ARB staff plans to maintain communications with
manufacturers to discuss how HEV and ZEV regulations might be modified
as development of these vehicles progresses.

456. Comment: Electric vehicles should be SHED tested during
their charge cycle to ensure that there are no noxious or toxic
emissions. (Arco)

Agency Response: Since development efforts have been expended
for i i i icle systems,

~ thi immﬁa'TWW’3fiﬁT'ITFTOUk‘ﬁtD*Eh“iY”ime”' P I

and will recommend a regulatory approach if needed once the necessary
data have been gathered. Regulatory action is not needed at this time
because of the long leadtime before the ZEV minimum production
requirements begin with the 1998 model year.

46. Comment: Intermediate volume manufacturer ZEV requirements
begin in 2003 at 10%. We have a significant question as to the
ability of medium-sized manufacturers to instantaneously develop a
market representing 10% of their California sales during the first
year of introduction of ZEVs. Therefore the requirement should be
reduced to 2%, as is the case for large volume manufacturers.
(Mercedes)

Manufacturers the size of Volvo cannot Justify the development
efforts for an electric vehicle over an annual production of
approximately 400 vehicles. These vehicles will be high priced and
difficult to market. Also, our current Volvo market cannot be served
by electric vehicles because of limited range and utility. (Volvo)

A delay of five years for compliance with the
ZEV mandate was provided to intermediate volume manufacturers ($
1960.1(g)(2) note (9)d.) in light of their limited resources to
develop and produce ZEVs. Since many of the significant concerns such
as vehicle design uncertainties, battery development requirements (in
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the case of electric vehicles), marketing concerns, and xehicle
production needs would be resolved by large volume manufacturers by
the 2003 model-year, it is unnecessary for intermediate volume
manufacturers to have a lower percentage requirement of ZEVs and five
years additional lead-time. Manufacturers also have the option to buy
ZEV credits if production requirements cannot be met in the proposed
timeframe. However, if large volume manufacturers encounter
difficulties in complying with the ZEV mandate, the Board can consider
subsequent amendments to the regulations, including appropriate
accommodations for intermediate volume manufacturers.

3. Medium-Duty Vehicles

47. Comment: The same technical concerns we have raised
regarding low-emission vehicle technology for light-duty vehicles
apply to MDVs with the added challenge of the rigorous duty cycles for
which they must be designed. The task will be made even more
difficult by the ARB's new requirements, starting with the 1995 model
year, that the MDV category include 6,000-14,000 gross vehicle weight
("GYW") instead of 6,000-8,500 GVW. (Chrysier)

Agency Response: See generally the responses to the comments on
technological feasibility of the standards for light-duty vehicles in
ITI.B.1. Factors such as the stringency of MDV standards vs. light-
duty vehicle standards, the operational characteristics and typical
loading of MDVs, the technological feasibility of more stringent
standards and chassis dynamometer testing for light-heavy-duty
vehicles were taken into account when the revisions to the MDV
standards and test procedures were approved by the Board in June 1990.
Additionally, the revised MDV standards reflect the more rigorous duty
cycle and expanded weight range of MDVs. The implementation schedule
of the MDV regulations requires partial compliance with these
standards by the 1995 model-year and 100% compliance at certification
by the 1996 model-year.

Since the MDV low-emission requirements begin in the 1998 model-
year and since light-duty vehicle low-emission technology will
probably be well developed by that time, there is sufficient leadt ime
to apply this technology to low-emission MDY applications. Some of
the proposed low-emission light-duty vehicle technology has already
been tested with promising emission results as described in the
response fo the first comment in III.B.1. Also, to account for the
more rigorous duty cycle of MDVs, the percent reduction in NMOG
required for medium-duty ULEVs is less than that for light-duty ULEVs
compared to the conventional standards (702 vs. 84%). As such, we
believe that the low-emission MDV standards and implementation

schedule are reasonable. . .

48. Comment: The MDV standards are based on a false assumption
that recent advances in emission control technology for light-duty
low-emission vehicles are easily transferable to MDVs. Light-duty
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vehicles and MDVs differ in loading, operating cycles and often the
operating fuels used. There currently are no data to demonstrate that
devices such as catalytic converters used on light-duty vehicles are
technologically feasible for all MDV applications. With respect to
diesel-fueled medium-duty vehicles, industry has had limited
development experience and even less production experience with after-
treatment devices. Further development work is required before such
devices can be considered commercially viable. It is premature for
the Board to rely on experimental after-treatment devices applied to
passenger cars to demonstrate technological feasibility of the LEV and
ULEV standards for either gasoline- or diesel-fueled medium-duty

vehicles. (MVMA/EMA) '

The pﬁise-in schedule proposed for MDVs is too ambitious. The
percentage of LEV phase-in should start with less than 25%, and ULEVs
should start their phase-in after LEVs have been introduced. (Ford)

Some effective light-duty vehicle emission
control technology has already been successfully applied to certified
MDV systems, e.g., feedback fuel control, exhaust gas recirculation,
air injection, and three-way catalysts. Since some proposed
technologies for meeting the light-duty low-emission standards are
currently being tested and show promising emission results, the
development effort needed to configure these systems for MDVs should
not be excessive. For example, an electrically-heated catalyst can be
placed further downstream to avoid higher exhaust temperatures
i i turers choose not to take this

- approach, development of bypass catalyst systemsis an option. —Heated —— —

fuel preparation systems such as the one used by Mercedes simply
provide more efficient use of fuel through improved atomization and
should not be affected by heavier load conditions. Manufacturers also
have the option to develop alternate fuel systems such as natural gas.
In this case, less advanced emission control technology may be needed
since these fuels characteristically have cleaner hydrocarbon exhaust.
CNG-powered test engines have already demonstrated emissions at or
very near low-emission levels. Many fleet operators convert MDVs to

- operate on LPG and CNG since the additional carrying capacity of MDVs
allows for on-board tanks, and the fuels are less expensive than
gasoline. Other alternative fuel systems such as methanol may also be
explored to meet the low-emission MDV standards.

49. fComment: The standards for MDVs approvéd in June, 1990
should be completely phased-in before new low-emission standards are
implemented. (Chrysler)

Agency Response: Manufacturers are required to certify 100% of
their MDVs to the standards approved in June, 1990 by the 1996 model
year. The alternative in-use standards apply only through the 1997
model year and, thereafter, 100% compliance with the certification
standards is required in-use. Since the MDV low-emission standards do
not take effect until the 1998 model-year, the June, 1990 standards
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will be completely bhased—in before the low-emission standards are
implemented. .

50. Comment: The MDV standards should be proposed in two to four
years, after both the ARB and industry have had an opportunity to
develop data necessary for the standards’ meaningful adoption.
(EMA/MVYMA) If this is not acceptable, the Board should formally
resolve to reassess the technological feasibility of the proposed
standards biennially starting in 1992. (EMA/MVMA)

: The technological feasibility of the low-
emission standards for MDVs is discussed in the responses to the first
two comments in this Section. Also, ample lead time has been provided
since MDVs will have until the 1998 model-year to comply with the
lower standards. The ARB is reluctant to delay implementation of
these standards since it would probably mean a delay in the efforts to
reduce emissions from MDVs. Because this is a long-range plan, the
status of implementation of the regulations will be biennially
assessed by the Board in accordance with the directive in Resolution
90-58, and any necessary changes may be considered during or as a
result of such reviews. :

51. Comment: The proposed standards for ULEVs are so low that
the sulfur content of diesel fuel may still prohibit the
manufacturers’ ability to achieve the particulate emissions standard.
The realities of the combustion process simply make it impossible to
operate or design an engine which will run on certification fuel with
a 0.05% sulfur content and meet the proposed standards in use. In
addition, the use of lubricating oils contributes to particulate
emissions irrespective of the fuel used. (EMA/MVMA) 30 to 60% of the
proposed 0.05 g/bhp-hr particulate standard will be eaten up by fuel-
produced sulfates and test measurement variability over which the
manufacturers have little control. We see the ULEV particulate
standard as technically unfeasible. Similarly, we do not believe that
the combined NMHC+NOx standard of 2.5 g/bhp-hr is feasible. (Navistar)

: Vehicle manufacturers are not 1imited to the
development of diesel systems in order to meet the medium-duty ULEV
standards. Based on current information, medium-duty ULEV levels may
be more easily achieved by vehicles operating on cleaner fuels. The
heavy-dutly engine test results cited on page II.18 of the TSD show
particulate levels of 0.01 to 0.06 g/bhp-hr from CNG engines and 0.02
to 0.08 g/bhp-hr from methanol engines. These data also show that CNG
engines are capable of achieving NMHC+NOx levels as low as 1.37 g/bhp-
hr. However, it may be possible for diesel vehicles to achieve ULEV
emission leveIsVghfgyghﬂugewofwcatalyzed—partitu1at6’t?§§§f’MIn fact,
[ trap systems being investigated, a particulate Tevel
of 0.05 g/bhp~hr has been recently demonstrated using the Donaldson
Dual Catalyzed Trap Oxidizer System on a DDC bus engine. Since ULEY
standards will not become effective until the 1998 model-year, there
is ample time to develop this technology or explore other options to

o4 07083



meet ULEV requirements. Moreover, under the regulations-no more than
16% of the 2003 and subsequent model-year MDVs must meet the ULEV
standards. In any case, should the medium-duty requirements prove to
be overly optimistic, the standards can be reconsidered subsequently,
including when staff proposes further reductions of the heavy-duty
standards in 1992.

52. Comment: The proposed primary MDYV 50,000 mile emission
standards are not technologically feasible for diesels. Without
providing any air quality justification or a determination of
feasibility, the staff has proposed reductions for diesel MDVs
significant]ly more severe than those proposed for gasoline engines and
vehicles. This reflects an arbitrary preference for gasoline over
diesel. Given the current proposed primary standards, the option
provided by the regulations to certify engines according to the
federal test procedures is the only means by which diesel engine
manufacturers can even attempt to meet the proposed standards. The
recently adopted MDV standards for the 1995 model year only require
diesel engines to meet 120,000 mile emission standards, not the 50,000
mile standards applicable to gasoline engines and vehicles. We
recommend that the Board revise the low-emission vehicle proposal so
that diesels certified to the primary standards need not meet the
50,000 mile LEV and ULEV standards but only the 120,000 mile
standards. This would make the proposal comparable to the 1995 model-
year MDY standards. (MVMA/EMA)

: In the recently adopted MDV regulations, it was
determined that, although diesels showed higher emissions than
gasoline systems at 50,000 miles, lifetime diesel and gasoline
emissions are approximately equal; therefore, diesels were required to
meet only the 120,000 mile standards. However, because the
deterioration characteristics of emission control systems likely to be
used on diesels to meet the low-emission standards are more
sophisticated than those used to meet less stringent emission
standards, they are also subject to potentially greater deterioration
(e.g., particulate traps and catalysts on heavy-duty engines will
likely exhibit deterioration characteristics similar to the emission
control systems of conventional fuel). Therefore, it is necessary to
establish 50,000 mile as well as 120,000 mile standards. Also, adding
a special provision for diesel MDVs to comply only with the 120,000
mile exhaust emission standards would be inconsistent with the concept
of fuel néutrality recommended by the AB 234 Advisory Board on Air
Quality and Fuels. Since the adopted regulations have been structured
around this concept, it would be inappropriate to make special
provisions for diesel vehicles.

It is not correct to say that we have proposed no air quality
Justification for the MDV standards. The air quality justification is
the need to reduce emissions of ozone precursors and other pollutants
because of the frequent exceedances of ambient air quality standards
in the state, particularly in the South Coast. The technological
feasibility of the MDV standards is discussed in the responses to the
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first two comments in this Section; the feasibility of the ULEV
particulate standard is discussed in the response to the preceding
comment.

53. Comment: As the proposal states, the AB 234 Advisory Board
recommended that clean fuel technologies be introduced through state
regulation. What the proposal does not state is that the Advisory
Board also specifically recommended that heavy-duty vehicles be
excluded from any clean fuel technology because of diesel engines' and
diesel fuels' unique ability to meet the durability and fuel-economy

-needs of heavy-duty vehicles. The "heavy-duty" vehicles defined in
the report included vehicles of 6,001 to 14,000 pounds GVW, the
category which has been reclassified as "medium-duty" and included in
this proposal. (MVYMA/EMA)

Agency Response: The Advisory Board recommended that the ARB
propose fuel-neutral regulations for the heavy-duty sector one year
after proposing regulations for the light-duty sector. The one-year
delay in proposing low-emission heavy-duty regulations would allow ARB
enough time to incorporate results from ongoing demonstration
programs. Although the revised MDV category (which had included
vehicles in the 6,001-8,500 GVW range) includes a portion of vehicles
previously considered heavy-duty (i.e., 8,501-14,000 GVW), we believe
that the current technical status and potential capabilities of
vehicles in the expanded weight range will allow the low-emission
standards to be achieved within the proposed timeframe. The
technological feasibility of low-emission MDVs has been detailed in
the responses to the first two comments in this section. As such, the
ARB's actions are consistent with the intent of the Advisory Board's
recommendations. ‘

54. Comment: Fleet averaging should be extended to MDVs. (GM)

The fleet averaging concept for MDVs may not
benefit ‘manufacturers compared to averaging for the light-duty
category. Since there are relatively more engine families within a
light-duty test weight class, manufacturers may choose to certify to
the TLEY, LEY, and/or ULEY standard(s) and may vary production volumes
to meet the fleet average. For MDVs, however, there are very few
engine families within the same emission standard test weight category
and, hencé, there is 1little opportunity for averaging. However, the
proposal does provide flexibility in the means of compliance by
requiring phase-in based on percentages of LEVs and ULEVs to meet the
lower standards regardless of which emission standard test weight
class the vehicles may fall in. 1In other words, the phase-in
percengiggsdggp]ywtofthementiFewgroupwof‘MﬁVS‘fifﬁéF“fﬁén each
standards category based on weight class separately.

55. Comment: The small range for each weight classification of
medium-duty trucks along with the prohibition of a fleet average
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system can result in excessive complexity and may not be.containable
from a calibration standpoint. A reduction in the number of
classifications, and an averaging system, would significantly reduce
workload and minimize the chances for a given vehicle to fall into
multiple categories due to option content or engine choice. (Ford)

Agency Response: Separate emission standards have been
established for each MDV test weight category to account for the
varied vehicle loading characteristics of MDVs. If these categories
were to be consolidated, the emission standards would be more
difficult to achieve for a heavier MDV than a lighter MDYV in the same
test weight category. Tailoring emission standards for each category
benefits manufacturers in that the stringency of the standards for all
MDVs is generally comparable. The compliance scheme for MDVs provides
flexibility in that only a specified percentage of LEVs and ULEVs is
required regardless of the test weight category. The rationale for
not allowing MDV fleet averaging is set forth in the response to the
previous comment.

4. Flexible-Fuel Vehicl

. 56. Comment: Should FFVs be considered "clean-burning* vehicles
even though they would be allowed to emit twice the quantity of ozone-
forming emissions when they burn conventional gasoline rather than a
"clean fuel" or should FFVs also meet more stringent emission
standards when using gasoline? (Maddy, Johnson, Brown, Arco, WSPA)

- We-believe they should have-to give the same ozone emissions on both —— —

fuels. (WSPA) The proposed treatment of FFVs creates a clean air
loophole. (Arco)

Agency Response: The reasons for the the two-tiered NMOG
standards for FFVs are set forth on pages 21-22 of the Staff Report.
FFVs are considered to be transitional vehicles. As such, requiring
an FFY to meet the same NMOG standard when operating on both gasoline
and an alternative fuel would force the vehicle manufacturer to
- -optimize the emission control system for gasoline, and thus discourage
the introduction of alternative fuel vehicles. The clean fuel
‘elements of the proposal are designed to assure that sufficient clean
fuels are available so that the maximum air quality benefits
associated with the low-emission standards are achieved from vehicles
capable of operating on a clean fuel.

t

57. Comment: The staff proposal for FFV certification is to
require certification on conventional gasoline as well as M85, but at
"one whole tier" higher on gasoline. This could cause a shortfall
from possible or projected emission reductions. We recommend a two-
phase solution. In Phase I (short term), the conventional gasoline
certification standard for FFVs would be only one-half tier above the
“clean fuel" standard for FFVs. The half-tier is based on our present
belief that M85 exhaust is about 25% to 30% less reactive than
conventional gasoline exhaust. This would result in reduced
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emissions. It should not significantly raise the cost of. an FFV,
while it increases the likelihood that reformulated gasoline can have
the same ozone effect in the FFV as M85. 1In a longer term Phase 2
requirement, FFVs should be certified on reformulated gasoline and M85
at the same emission standard. (Arco)

Manufacturers already face a burden in meeting
the fleet average NMOG emission standard for 1994-1996. Manufacturers
choosing to meet the TLEV standard by modifying gasoline-powered
vehicles to FFVs may not have sufficient leadtime to develop the clean
fuel system and refine the gasoline control system as well to meet a
lower standard. Although the ARB has certified vehicles having
emission levels below the TLEV standard, these are gasoline-dedicated
vehicles having small engines which are optimized for gasoline
operation rather than multiple fuels. Also, FFVs are expected to
operate on the alternative fuel most of the time in light of the clean
fuel elements of the adopted regulations. In order to achieve the
emission reductions expected from the low-emission vehicle and clean
fuel program, it is beneficial to encourage more development effort in
optimizing the clean fuel system instead of the gasoline system.

Since alternative fuel systems need less emission controls relative to
gasoline, the commenter's proposal could burden FFVs with additional
weight and increased cost from the use of more gasoline emission
controls.

58. Comment: Under the proposal, whether dual-fueled vehicles
will actually be low-emitting depends critically on consumer choice.
Additional requirements, possibly aimed at vehicle manufacturers
through the certification procedure, are needed to ensure that clean
fuels are, in fact, consumed in sufficient quantities by owners of
dual-fuel vehicles. (EDF, CCA)

Since FFYs allow consumers the choice to use
gasoline or the clean fuel, measures which can be taken at
certification to ensure consumption of the clean fuel are limited.
However, this issue is addressed in the regulations by the provisions
assuring adequate availability of clean fuels. Also, the Executive
Officer will continue to evaluate the clean fuel elements to assure
that sufficient quantities of clean fuels are distributed such that
the maximum air quality benefit is achieved from low-emission vehicles
capable of operating on a clean fuel.

59. Comment: We are opposed to the proposal that auto
manufacturers be given full credit towards their Tow-emission vehicles
production requirement for sales of FFVs. Clearly these vehicles will

only be operated on the clganer,fuel”pactwoiﬁtheﬁtimef~wwewprepose IR

- that partial credit be awarded based on the vehicle's performance on
both fuels. For example, a car that meets the ULEY standard on one
fuel but only meets the TLEV standard on the other will be counted as
one half ULEV and one-half TLEV. The fractional credit could be
adjusted to reflect actual sales of each fuel. This will provide an
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incentive to make FFVs as clean as possible and will more accurately
reflect what the real air quality benefits are likely to be. (EDF)

Although this suggestion is intended to provide
an. equitable means of treating FFVs, it would be difficult to
implement. There is no mechanism for manufacturers to determine, with
certainty, the fuel being used and in what quantities. The
uncertainties in this suggested process would make planning for new
models all but "impossible since such decisions are made three to four
years prior to production. The suggested method of adjusting FFV
credits based on fuel sales would imply that all FFVs consume the same
percentage of clean fuel, regardless of the manufacturer, model-year,
and vehicle_ design.

The commenter's hypothetical situation involves a car that meets
the ULEV standard on a clean fuel and the TLEV standard on another
(presumably gasoline). The adopted regulations do not permit
certification of such a vehicle because when FFVs are run on gasoline
they must meet an NMOG standard no more than one tier higher than the
clean fuel certification standard (e.g., an FFV certified to the ULEV
standard on clean fuel must meet the LEV standard on gasoline). The
regulations therefore will result in less of a potential emissions
difference depending on the fuel used than would the situation
envisioned by the commenter.

5. Reactivity Adjustment

60. Comment: The validity of the maximum incremental reactivity

("MIR") method is questionable. It should be more fully evaluated and
tested before it is incorporated into the regulations. (GM, WSPA,
Arco) Prior to being considered for adoption the methodology should
be given scientific peer review by the ARB's Modeling Advisory
Committee (“"MAC"), and workshopped both with industry in general and
local regulatory agencies. (Texaco)

Agency Response: The rationale and basis for the MIR approach is
set forth in Part C of the TSD. _Of the many reactivity adjustment
approaches considered, results from the MIR method were most
comparable to those of airshed modeling which incorporates all known
considerations of environmental conditions. However, the MIR method
offers advantages over airshed modeling in that it is a much more
simplified approach and the results can be obtained in a shorter
period of time. Also, airshed modeling is limited to a particular
episode being modeled. We believe that an adjustment for reactivity
is an important and necessary component of the low-emission vehicle
regulations, and that the MIR approach is sufficiently developed to be
included in the regulations.

Prior to proposing the regulations we conducted multiple
workshops on the MIR concept, and the public has had an opportunity to
comment on it in this rulemaking. The MIR approach is continuing to
undergo scientific peer review, and any appropriate modifications that
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are identified through further evaluation can be considered by the
Board in a future hearing. We do not believe it would be appropriate
for the MIR approach to be formally peer reviewed by the MAC. In
establishing the MAC the ARB expected that it would provide technical
advice and guidance to the staff in modeling related areas, but not be
involved in ongoing regulatory issues expected to come before the ARB.

61. Comment: The ARB should split the rulemaking into two phases
and resolve open technical questions so that reactivity factors,
vehicle standards, and fuel standards can be finalized simultaneously.
To develop adjustment factors by September 1991, the ARB will be
testing a limited number of vehicles based on its projection of the
technology likely to be used in each category. It is not clear how
many vehicles will be available for testing, what the vehicle-to-
vehicle variability in species will be, and whether technologies
chosen by the ARB will represent the low-emission vehicles that may be
certified. There is another complication because the final
specifications for the fuels will not be set until September 1991.

. Hasty establishment of reactivity factors followed by subsequent

revisions will discourage manufacturers from seriously considering
alternative fuels. (GM)

: We believe that a sufficient number of vehicles
will be available, and that the vehicles chosen will utilize
representative technology since they will be procured from the ARB's
test fleet, from other agencies and from private industry. The
industry is being kept informed of the status of reactivity factor
development, and data and/or vehicles are being solicited to ensure
representative factors. Should there be any doubt that the ARB is not
utilizing vehicles having representative technology, manufacturers
have sufficient opportunity to supply the ARB with their candidate
low-emission vehicles for testing.

Fuel specifications to be considered by the Board in the fall of
1991 will be developed concurrently with the reactivity ad justment

factors. The adjustment factors will reflect any changes to the fuel

specifications since the data collected to develop these factors will
be from low-emission vehicles operating on these fuels. The
reactivity adjustment factors will result in manufacturers being
assured of a minimum level of adjustment. If manufacturers can
demonstrate that a higher level of ad justment is possible for a
particulat vehicle/fuel category, Section 8 of Appendix VIII to the
LDV/MDY Test Procedures allows manufacturers to use an alternative
provided this factor differs from the adopted factors by 25% and other
criteria are met.

Establishing regg;jngyﬁgdjustmentA£actors~bywthe~fa11ﬂbf“Iggr

~ should not discourage manufacturers from considering alternative

fuels. For the reasons stated above, we believe that sufficient data
will be available to allow the establishement of technically sound
adjustment factors for alternaitve fuels within the planned timeframe.
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62. Comment: It is impossible to determine feasibility of the
standards for alternative-fuel vehicles since reactivity adjustment
factors will not be available until September 1991. (AIAM, GM,
Mercedes) In the absence of reactivity factors as engineers we are
unable to comment on the air quality impacts of the proposed
standards. (Mercedes)

If the reactivity adjustment factors are not available until
September 1991, this is after the time requirement for manufacturers
to notify the ARB of which alternative fuels will be used in 1994
model-year vehicles, and allows for only a year and a half until
production. This is not an adequate time for design, development,
certificatipn and release of components. (Ford)

: We believe reasoned decisions can be made in a
timely fashion about potential reactivity adjustment factors,
particularly for vehicles that may be certified to the TLEY and LEV
standards in the 1994 model year. Appendix VIII of the LDY/MDY Test
Procedures contains MIRs for NMOG constituents. While we plan to
conduct a rulemaking in the fall of 1991 to modify these MIRs as
appropriate, we expect that the modified MIRs will not significantly
differ from those presently in the test procedures. Appendix VIII of
the LDV/MDV Test Procedures also contains the methodology that will be
used in applying the MIRs to vehicle emissions data in order to
establish reactivity adjustment factors. Manufacturers can apply this
methodology now to emissions test data from current or prototype
alternative fuel vehicles, and predict likely reactivity adjustment
factors.

63. Comment: We are uncomfortable with a regulatory approach
that would adopt procedures and interim factors while key research to
complete and validate them is still in progress. (WSPA, Mobil)

See the responses to the previous comments in
this Section.

64. Comment: The MIR approach is not conservative; it may not
provide an adequate margin of safety. Under the proposed approach,
vehicle/fuel combinations with low emissions reactivity can emit more
YOC. It is important that the reactivity credit not be overestimated,
because art adverse air quality impact could result if reactivity
effects did not fully compensate for increased VoC emissions. The
proposed use of MIR factors may increase the risk of an adverse air
quality impact because the MIR factors overestimate reactivity
differences among VOC compared to alternative reactivity scales.
(WSPA)

Agency Response: The differences in VOC reactivity for different
reactivity scales are not significant and have been calculated to be
less than 15% for most fuels tested. A Carnegie Mellon University
study of ozone formation from M85 and CNG vehicles compared to
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gasoline vehicles based on airshed modeling indicates strong agreement
with the MIR method. In light of the analysis in Part C of the TSD,
we believe there is sufficient justification for the MIR approach for
it to be included in the regulations at this time. We expect that
further analysis will be done before a final determination of the
reactivity adjustment factors in the fall of 1991. We are receiving
input from the ad hoc Reactivity Advisory Panel ("RAP"), with
representatives from the California Energy Commission, South Coast Air
Quality Management District, Auto/0i1 Air Quality Improvement Program,
Motor Vehicle Manufacturers Association, Western States Petroleum
Association, California Natural Gas Vehicle Coalition, California
Renewable Fuels Council and Western Liquid Gas Association. The RAP
is scheduled to hold three public meetings, prior to the fall 1991
hearing, at which issues related to reactivity scales will be
discussed.

65. Comment: There is a significant difference in the predicted
reactivity of methanol exhaust using the CBM-IV and SAPRC chemical
mechanism; this is due to a greater reactivity for formaldehyde
predicted by CBM-IV. The MIR factors in the proposed ARB regulation
are based on -the SAPRC mechanism; these factors may underestimate the
reactivity of formaldehyde and overestimate reactivity for toluene.
(WSPA)

Although there is a difference in the estimated
reactivity of formaldehyde and toluene between the SAPRC mechanism and
the Carbon Bond-4 mechanism proposed by Systems Application
International, the ARB considers these differences as uncertainties
within the mechanisms. In the final calculation of reactivity, the
uncertainties will be estimated and taken into account before
reactivity adjustment factors are established.

66. Comment: An SAI analysis of the reactivity adjustment factor
application method indicates that it could result in more ozone
formation from vehicles receiving the reactivity adjustment credits
than those from the base fuel. (WSPA)

The SAI analysis is based on emission results
from vehicles which are not fully optimized for low emissions and
therefore are not representative of vehicles meeting the TLEV
standards. Also, there are inconsistencies in the results of the SAI
analysis. SAI did not properly account for differences in the
chemical mechanisms and differences in the weighting of the FTP
results when interpreting the results.

~ 67. Comment: The relative reactivity of aromatic compounds is a
strong function of the VOC/NOx ratio. The MIR factors are based on
low YOC/NOx ratios where the reactivity of aromatics is greatest.
This scale may overestimate aromatic reactivity for typical
atmospheric conditions in California. This potential overestimation
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of aromatic reactivity also indicates the MIR approach is not
conservative. Since photochemical modeling experts generally agree
that the atmospheric chemistry of aromatics is not well understood at
this time, we believe an approach that does not overestimate the
reactivity of aromatics should be selected. (WSPA)

Agency Response: The rationale for selecting the MIR approach
toward hydrocarbon control is described in Chapter VII of the TSD.
The MIR approach is being used to reduce ozone under conditions
sensitive to hydrocarbon control, i.e. at low hydrocarbon to NOx
ratios. Thus, MIR serves as a complement to NOx control. Aromatics
have a Tower reactivity relative to other hydrocarbons at high
hydrocarbon to NOx ratios, but hydrocarbon control is not very
beneficial at these conditions. Additional assessments of the
appropriateness of the MIR approach can be taken in the future in
conjunction with the establishment of reactivity adjustment factors.
However, there is currently sufficient Justification of the MIR
approach to make regulatory adoption appropriate at this time. This
is particularly important because a comparison of the reactivities of
the different hydrocabon species is necessary for reactivity
adjustments to be incorporated in the low-emission vehicle NMOG
standards.

68. Comment: A peer review analysis of the treatment of
exceptional compounds in chemical mechanisms should be initiated. At
a minimum, toluene, formaldehyde, and isoprene should be discussed as

*wwe44~as—any~other—tompounds—that~are~e1%her~treated—signif%cant{ywm~~Wﬂ'*

differently in chemical mechanisms or represent a major component of
gasoline or an alternative fuel. (WSPA)

Agency Response: The ARB has contracted with Dr. Michael Gery
for a peer review of the Carter chemical mechanism used to develop the
reactivity scale. Any changes to the reactivity scale as the result
of the peer review of the chemical mechanism can be considered by the
Board at a future hearing.

69. Comment: Some VOC compounds (in particular formaldehyde) are
extremely sensitive to changes in the VOC base mixture. This is
supported by observed changes in the MIR factors from the initial set
derived by Dr. Carter to his latest set. In addition, the base
mixture can be expected to change over time, especially if alternative
fuels become significant fractions of the mobile emission inventory.
An evaluation of VOC base mixtures from various experimental studies
in different regions of the state should be developed to determine the
sensitivity of VOC species, and particularly those that represent a
significant portion of exhausts emissions from alternative fuels, to
the base mixture. (WSPA)

The YOC base mixture used to determine the MIR

factors was based on detailed measurements taken by the U.S.
Environmental Protection Agency (EPA) at many cities around the
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country. This mixture is very similar to measurements taken in
California during the Southern California Air Quality Study (“SCAQs").

70. Comment: Large changes in reactivity might delay ozone
formation so that the setting sun adds to the reductions in ozone from
reducing VOC and reactivity. However, more studies are needed to
determine the fate of such effects on subsequent days (i.e., multi-day
studies). (WSPA)

: The Carnegie Mellon University ("CMU") airshed
mode] was used to judge whether the MIR factors were effective over
multi-day studies. The CMU study showed very good agreement with MIR
scale over three day simulations.

71. Comment: An assumption is made in the development of MIR
factors that multi-day effects are not important considerations.
However, the results of the UAM simulations in the SAI study indicate
that the impact on the peak ozone levels did increase over the three
study days. Similarly, the ARB has identified transport
source/receptor regions in the state that experience ozone episodes
resulting from the movement of ozone and ozone precursors from one
region of the state to another. Trajectory models, such as EKMA,
simulate single-day episodes. UAM simulations for various parts of
the state should therefore be conducted to isolate any potential
effects from multi-day or transport episodes. (WSPA)

Agency Response: See the response to the preceding‘comment.

72. Comment: The effects of NOx control combined with YOC
reductions in reactivity need further study since preliminary
simulations suggest that benefits from the “setting sun" synergism
would be lost with NOx controls. (WSPA)

: There is no evidence of a “setting sun
synergism lost with NOx control", and we have never received
"preliminary simulations" suggesting otherwise.

73. Comment: It is recognized that California has a number of
studies i progress to evaluate current driving cycles and the

weighting of the phases of exhaust emission. The results of these

studies should be considered in the proposed regulation. In addition,
these studies should be compared with the FTP cycle and weighting
scheme. (WSPA) '

: Since studies have not been completed, they
cannot be considered in this rulemaking. However, when the resuilts
are available, they will be evaluated and any changes to the
regulations can be considered in a future biennial review.
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74. Comment: A number of recent fleet test programs have
indicated that vehicles designed to meet future emission standards may
exhibit different cold start/hot stabilized mass and reactivity ratios
from current vehicles. This will be particularly true as the use of
heated and close-coupled catalysts grows. This change in exhaust
emission ratios could have an effect on the reactivity of various fuel
types. The use of the Federal Test Procedure may not accurately
account for these changes and therefore would diminish or exaggerate
the environmental benefits derived from these technologies. (WSPA)

Agency Response: The ARB will be using future technology
vehicles to develop reactivity adjustment factors. Therefore, we have

accounted for the fact that future technology vehicles will have
different reactivity characteristics than current technology vehicles.
We will be evaluating the effects of reactivity with respect to the
different test cycles when more test data are available.

75. Comment: Additional peer review is needed to discuss the
ramifications of the use of an EKMA model for the development of these
factors. Of particular concern should be the use of an average model
tuned to maximize incremental reactivity (low VOC-to-NOx ratio) and
its relevance to actual urban atmospheric conditions. (WSPA)

Agency Response: See the response to comment 67.

76. Comment: The 25% threshold requirement in proposing a new
reactivity adjustment factor has been prematurely determined and may
actually discourage technological improvements. The 25% threshold
requirement should be eliminated and the need for such a requirement
reassessed when more is known about low-emission technology.
(Chrysler, Ford)

A threshold requirement somewhere on the order of 10% would be
more reasonable. This is particularly important in the early years of
the program because the ARB testing to define fuel-specific reactivity
factors will probably be based largely on ARB modified vehicles rather
than prototype vehicles obtained by manufacturers. (Arco)

The ARB proposes that, to avoid operational complexity, a
manufacturer must have data indicating that the generic adjustment
factor established by the staff is 25¢ too high before a request for a
separate factor will be considered. No basis other than operational
complexity is offered for the 25% cut-off. Because the generic
adjustment factors will be developed on technology that may be
substantially different than the technology used in production of low-
emission vehicles, the benefit of the doubt should be given to the
production vehicle data. Therefore, a statistical test such as that
prescribed in Appendix C of the Staff Report should be considered.
Also, we question why the automobile industry needs to petition for a
change in this factor two years prior to when the change is applied.
(GM)
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Agency Response: The 25% threshold level specified.in Section 8
of Appendix VIII of the LDV/MDV Test Procedures was established with
the intent of discouraging manufacturers from proposing new reactivity
adjustment factors that vary 1ittle from the adopted factors. The
operational complexity resulting from manufacturers suggesting a
myriad of slightly different factors for essentially the same
technology would far outweigh any potential benefit. However, the ARB
plans to monitor the continuing appropriateness of this criterion. As
part of this process, the minimum percent difference among established
reactivity adjustment factors within an emission category (i.e., TLEV,
LEV, and ULEV) will be taken into account as well as the variability
in grams ozone/gram NMOG for the same technology and fuel. Proposals
to change the threshold requirement can be included in the biennial
review process.

We believe that a two-year period prior to certification is
necessary to enable the ARB to confirm the validity of a proposed
adjustment factor, and to allow manufacturers sufficient time to make
appropriate changes to their vehicle design/production schedule if the
proposed factor is disapproved.

77. Comment: Staff should consider evaporative and running loss
emissions in the reactivity calculations, and provide reactivity
adjustment factors for incomplete vehicles tested on an engine
dynamometer. (Ford)

: With the new evaporative emission requirements
approved by the Board in August 1990, emissions at norma) operating
conditions are expected to be virtually zero and the anticipated
benefits of reactivity ad justment would be negligible.

At this time, regulations for low-emission heavy-duty vehicles
are being developed for consideration by the Board in 1992 which would
include reactivity adjustment for emissions from engine-dynamometer
tested vehicles. Adjustment factors for engine dynamometer tested
medium-duty vehicles would be developed .as part of the 1992
rulemaking.

78. Comment: Deterioration factors at 50,000 and 100,000 miles
should be reactivity adjusted. Assuming the same reactivity at 4,000
miles as &t 50,000 and 100,000 miles is not technically sound. We
concur with Sierra Research's suggestion that NMOG reactivity at 4,000
mile certification should be based on measured (i.e., speciated) NMHC
and oxygenated compounds. (Arco)

Little data exists on theﬁdetenjoratienwefwemission"cﬁﬁt?BTW*"”“'

~ systems over the useful life of alternative fueled vehicles. At a

minimum, a study should be initiated to evaluate the effects of these
technology changes on the contribution of exhaust emission during all
three driving phases. (WSPA)
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: At this time, the ARB does not have data which
indicate there is a substantial change in hydrocarbon composition at
high mileage to justify separate adjustment factors at 4,000, 50,000
and 100,000 miles. Additionally, because of the stringency of the
standards and the 100,000 mile certification requirement, it is
unlikely that deterioration will be significant. Accordingly,
requiring speciated emission testing at 50,000 and 100,000 mile
certification to determine reactivity of vehicular exhaust would not
be justified at this time. However, we plan to continue studying the
effects of deterioration on reactivity and should further exhaust
emission analysis indicate a need for additional speciated emission
testing, the Board can consider appropriate modifications to the
regulations, at a later date.

79. Comment: A1l ARB tests to determine reactivity adjustment
factors should be designed to produce statistically significant
results, not numbers based on trends. (Arco)

: Low-emission vehicle data are being collected
from the ARB's test fleet and more data are being solicited from
industry to develop representative adjustment factors. The ARB has
Timited data at this time; however, more testing and analysis will be
done before the follow-up hearing in the fall of 1991. The ARB
intends to develop as many factors as available data allow before the
hearing, and the development of any remaining factors will be delayed
until more testing can be completed. It is better to identify

- provide-a minimum TeveTof -

adjustment based on available data rather than delay implementation of
the low-emission vehicle regulations. Industry will have the
opportunity to comment on proposed factors prior to the follow-up
hearing.

80. Comment: Industry should be allowed to comment on the
reactivity adjustment factors before they are presented to the Board
for adoption. (EMA/MVMA, WSPA)

: Appendix VIII of the LDV/MDV Test Procedures
provides that the reactivity adjustment factors are to be established
by the Executive Officer based on the methodology specified in the
Appendix. However, it has been and continues to be our intent that as
many reactivity adjustment factors as possible will be developed by
staff and presented to the Board at a rulemaking hearing in the fall
of 1991 for specific inclusion in the regulations. At the same
hearing the Board can consider modifications to the MIRs specified in
the Test Procedures. Since this will be a formal rulemaking process,
the public will have an adequate opportunity to comment. 1In addition,
we plan to conduct a public workshop if possible before the rulemaking
hearing is noticed. This item would follow the established rulemaking
process; therefore, industry will have adequate opportunity to comment
- on the factors presented at the hearing. The ARB has requested
industry assistance in obtaining the necessary vehicles to ensure all
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anticipated vehicle/fuel systems are tested and reactivity adjustment

factors developed.

6. Credit System

81. Comment: The ARB should expand the scope of the credit
market (e.g. credits trading between stationary and mobile sources,
incentives to reduce VMT, buy-backs of existing vehicles, etc.). This
on reductions by allowing industry

number of reduction strategies. (EDF,

would provide further emissi
flexibility to choose from a
CCA, SCE)

v

Such a system would be extremely difficult to
enforce because it would be necessary to assure that the all of
emission reductions for which credits are claimed are actually

occurring.

If manufacturers are ca
credit under such an expande

pable of accumul
d credit system,

ating large amounts of
this would imply that the

emission standards and control measures in other areas are not as
ology allows. The current proposal
ng standards with sufficient measures of

stringent as available techn
establishes technology forci
flexibility. Pursuing both
source emission standards se
reductions than allowing bro
necessary in order to attain
standards.

technology-forci
parately yields

ng mobile and stationary
greater emission

ad emission trading, and both are
and maintain the ambient air quality

82. Comment: Credits should be extended to individuals who have
operate on gaseous fuels which may now

converted their vehicles to

qualify as LEVs or ULEVs. At a minimum,

an approved alternative fuel
percentage schedules of TLEV

Manufacturers should be
retrofits of existing vehicl
discounted. (EDF)

Agency Response: The s

i conversions woul

because the conversions have a

should qualify

vehicles already operating on

as being part of

s, LEVs, and ULEVs. (LP Coalition)

allowed to meet the standéfd#athfdugh- i
es; such credits could be easily

uggestion that credits be given for

d not result in

any emission reductions

Tready occurred.

Currently approved alternate fuel conversion systems are limited
to gaseous fuel. Extending credits to promote gaseous fuel

conversions or allowing these conversions to satisfy the low-emission
~ Vehicle percentages. may not-help—in-meeting
the low-emission vehicle/clean fuels progra

the air quality goals of

m. First, it is highly

unlikely that any existing vehicle conversions can achieve the low
emission levels, especially the NOx requirements. Even if this were
possible, the full emission benefit of these systems is usually not
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realized due to improper installations in the field. In.addition, in-
use deterioration of gaseous fuel conversion systems has become a
prominent concern based on in-use emission tests of these systems.
Therefore, to ensure the desired emission reductions, the ARB
currently favors originally certified low-emission vehicles which,
unlike gaseous fuel conversion systems, must go through rigorous
emission and deterioration tests. However, the ARB plans to revise
the retrofit regulations to include in-use performance and warranty
requirements which will substantially improve the durability of
conversion systems and may allow retrofitted vehicles to be certified
to the TLEV, LEV, or ULEV standards. Allocation of credits for these
systems would be more appropriately discussed at a later biennial
review when.the retrofit regulations have been fully developed and
approved.

83. Comment: The ARB should establish incentives for
manufacturers to buy back older vehicles by providing emissions
credits for such purchases that can be used towards the manufacturers'
NMOG fleet-average emissions requirements. (AIAM, Honda, VW, EDF)

Even though 1975-1980 model-year vehicles represent 25% of the total
vehicle miles travelled, they contribute 53% of HC, 50% of NOx and 49%
of CO. To gain some rapid benefits in emission reductions, older
vehicles must be retired more quickly. (AIAM)

Agency Response: The ARB is currently evaluating the feasibility

of a " " program to remove older, higher-polluting vehicles ~
o Tr’om‘the*vsh‘fc‘l'e*popu tat ion. —However ’ em‘iS’s“ron—reduct*ionf‘fromﬁsuchf S T

programs should not be traded for emission reductions from a low-
emission vehicle program, when reductions from removal of older
vehicles and the lowest possible new vehicle standards are both
essential to attaining and maintaining the state ambient air quatity
standards as expeditiously as practicable.

84. Comment: The ARB should require vehicle manufacturers to
develop-a plan for maximizing the use of clean fuels in low-emission
vehicles. Manufacturers who were able to demonstrate that such
programs have been successful could be given more credits toward their
LEV requirements. This would encourage vehicle manufacturers to
become more active in promoting the use of clean fuels. (EDF)

¢ : We have attempted to structure the adopted
regulations to be as "fuel-neutral" as possible. The overall
objective is to assure the introduction of low-emission vehicles, and
to have clean fuels available in the marketplace to the extent those
fuels are needed for the vehicles. It would be inappropriate to
dictate to manufacturers what fuels should power their vehicles, or to
allow manufacturers to receive credits for the use of one fuel rather
than another fuel in a vehicle meeting one of the LEV standards.
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85. Comment: The Board should direct staff to work with industry
in developing an expanded credit program which would include credits
given to those vehicles which certify between standard levels.
(EMA/MVYMA)

Agency Response: The ARB does not believe that such a program
would be appropriate because of the major administrative and technical

obstacles identified in the response to comment 138.

86. Comment: We believe that the mechanics of the credit program
are impractical. To make the credit system useful, we recommend that
credits retain 100% of their value for at least four years after being
earned. This would allow manufacturers to apply credits to a model-
year for which the design plans have not yet been fully established.
(GM)

The ARB realizes that it is necessary for
manufacturers to schedule the development and marketing plans well in
advance of actual vehicle production. Since manufacturers are aware
of approximate production plans during the vehicle development stage,
it is reasonable to assume that credit banking projections can also be
done. As is the case with most credit systems, an adequate safety
margin should be established to avoid any penalties resulting from
miscalculation. Manufacturers can balance any credit miscalculations
by trading and selling credits to other manufacturers. Another method
of balancing credits is by varying vehicle production numbers.
Considering the various means of flexibility offered to manufacturers
for credit banking, the proposed method of discounting credits is
reasonable. The rationale for the discounting provisions is set forth
on page 26 of the Staff Report.
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