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REPORT SUMMARY AND RECOMMENDATIONS

A. - INTRODUCTION

1. Why are we proposing amendments to the Phase 2 reformulated gasoline
. regulations? o : , . T .

" We are p_roposing amendments to the Caiifbm_ia Phase 2 reformulated gé.sdline .
(Phase 2 RFG) regulations that would: e o .

o add an option to allow the use of a predictive model to evaluate and approve
alternative Phase 2 RFG formulations, and

o modify several sections of the Phase 2 RFG regulations to facilitate
implementation.

The proposed amendments are designed to provide additional flexibility to gasoline
producers' without sacrificing either the emission benefits or the enforceability of the Phase 2
RFG regulations. We expect this additional flexibility will allow producers to make more
gasoline at a lower cost. This, in turn, will lower the expected cost to the consumers and
minimize the potential for disruptions in the supply of gasoline.

' The provisions in the Phase 2 RFG regulations applicable to producers and the gasoline they sell or supply
from their production facilities also generally apply to persons who import California gasoline into the state
"importers”) and the gasoline they sell or supply from their import facilities.  To simplify the discussion of the
regulations in this report, references to "producers” apply to both producers and importers unless otherwise indicated.

The term "producers” includes refiners and bienders -- entities that manufacture gasoline by combining blend
stocks.



. The proposed amendments are an important part of our ongoing comprehensive efforts
to ensure that there is a smooth transition from the current conventional gasoline to Phase 2
RFG beginning in March 1996. These efforts include working with the producers to ensure
that they are ready to produce the new fuel on time and in sufficient quantitics. We will also
continue to investigate ways to provide additional flexibility to gasoline producers and will
return to the Air Resources Board (ARB or Board) if necessary to propose appropriate
additional amendments. :

2. - How did the public participate in the development process?

We developed the proposed amendments with considerable public participation. Since
. the November 1991 public hearing, we have had four public workshops to discuss possible
amendments to the Phase 2 RFG regulations. Three of these workshops specifically addressed
the predictive model. In addition, we have worked closely with representatives of the
Western States Petroleum Association (WSPA), particularly with two WSPA subcommittees
addressing the predictive model and implementation issues. In addition, we have had
numerous individual meetings and telephone conversations with industry representatives to
discuss the proposed amendments. -

We are also working closely with the United States Environmental Protection Agency
(USEPA) on the phase-in of federal reformulated gasoline. The USEPA regulations are
effective starting December 1, 1994 in Los Angeles, Orange, Ventura, and San Diego
Counties, and in parts of Riverside and San Bernardino Counties. '

3. What does this report include?

This report provides the basis for the proposed amendments. We will explain what a
predictive model is, how the gasoline producers can iise the predictive model, and why the
particular model was selected over several alternative models. In addition, the feport provides
the basis for the modifications concerning the implementation-of the Phase 2 RFG regulations
and discusses potential environmental and economic impacts. '

B. BACKGROUND
1. What do the Phase 2 RFG regulations require?

The Board adopted the Phase 2 RFG regulations in November 1991. The Phase 2
RFG regulations are an essential component of our overall strategy to reduce emissions from
existing motor vehicles in California. In addition, the Phase 2 RFG regulations are expected
to assist auto manufacturers in meeting the low-emission vehicle standards at a lower cost..

The Phase 2 RFG regulations define a comprehensive set of specifications for gasoiine

referred to as the Phase 2 RFG specifications. These specifications are designed to achieve
the maximum reductions in emissions of criteria and toxic air contaminants from gasoline-
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po‘s-avered vehicles. - All gasoline produced for sale in California will have to meet the
specifications beginning March 1, 1996. The specifications address the followmg elght
gasoline properties: .

Reid vapor pressure (RVP)

Sulfur

Oxygen

Aromatic hydrocarbons

Benzene

Olefins

Temperature at which 90 percent of the fuel has evaporated (T90)
Temperature at which 50 percent of the fuel has evaporated (T50)

[« I« I = I = I o B « B« B o |

The Phase 2 RFG regulations include gasoline specifications that must be met at the -
time the gasoline is supplied from the productlon facility. Producers have the option of
~ meeting either "flat" limits or, if available, "averaging" limits. The flat limits must not be
- exceeded in any gallon of gasoline leaving the production facility. For example, the sulfur
- . content of gasoline, subject to the flat limit for sulfur content, could not exceed 40 parts per
- million by weight. .

The averaging limits established in the regulations are numerically more stringent than
the comparable flat limits. Under the averaging option, the producer may assign differing .
*designated alternative limits" (DALS) to different batches of gasoline being supplied from the
production facility. Each batch of gasoline must meet the DAL for the batch. In addition, a
producer supplying a batch of gasoline with a DAL less stringent than the averaging limit
must, within 90 days before or after, supply from the same facility sufficient quantities of
gasoline subject to more stringent DAL to fully offset the exceedances of the averaging limit.

The Phase 2 RFG regulations also contain "cap" limits. The cap limits are absolute
limits that cannot be exceeded in any gallon of gasoline sold or supplied throughout the -
gasoline distribution system. Without the cap limits, there would be no practical way to
enforce the Phase 2 RFG regulations at terminals, bulk plants, or service stations.

2. What are the benefits and costs of the Phase 2 RFG regulations? |

The Phase 2 RFG regulations will achieve significant reductions in emissions of
hydrocarbons, oxides of nitrogen, and carbon monoxide. These emission benefits are
summarized in Table 1. In addition to these benefits, we also expect to reduce the emissions
of toxic air contaminants by 30 percent. The emission reductions will be obtained primarily
by reducing exhaust and evaporative emissions from motor vehicles. Some additional benefits
will be obtained by reducing evaporative emission losses from the distribution and marketing
of gasoline.



"Table 1

Reductions in the Emissiohs ffom On-Road Gasoﬁne-Pow'ered Motor Vehicles
Due to Phase 2 Reformulated Gasoline

Calendar Percent Reduction in Emissions froni .
Year On-Road Gasoline-Powered Motor Vehicles
Hydrocarbons Oxides of : Ciu‘bon
. ‘ . Nitrogen | = Monoxide
1996 17 B § B 11
2000 |- 18 : 9 SR 9 ' "
2005 | 17 s L7 "

Source: ARB Technical Support Division: EMFACE7F1.1/B7F1.1

At the time of adoption, we estimated the capital cost to produce Phase 2 RFG to be
between three and six billion dollars. If all of the capital and operating costs are passed on to
the consumer, the price of gasoline could increase by 12 to 17 cents per gallon. To the - -
average consumer, this increased gasoline cost would result in a two percent increase in the -
annual cost of operating a motor vehicle. These cost estimates -do not reflect the savings: -
provided to production facilities by the additional flexibility afforded by the proposed
amendments. . We anticipate that substantial savings will occur, and will be passed on to.the -
consumer. We are currently evaluating the cost estimates based on the producer’s proposed -
facility modifications. As we obtain thIS mformation, ‘we will update the cost estunates as
appropriate. : ‘

C. SUMMARY OF THE PROPOSED AMENDMENTS RELATING TO TI—IE
CALIFORNIA PREDICTIVE MODEL.

1. ~ What is the California predictive model?

In general, a predictive model is a set of mathematical equations that allows one to
estimate the change in exhaust emissions from motor vehicles that will occur when one.or
more selected fuel properties are changed. A predictive model is typically used to compare
the emissions associated with the use of a gasolme with certain fuel propertles versus another
gasoline with a dxfferent set of properties. :

Each mathernancal equation applies to a differeﬁt indicator of air pollution. For
example, a mathematical equation could be developed for an air pollutant such as :
. hydrocarbons; or, a mathematical equation could be developed for a calculated effect such as



the ozone-forming potential of the hydrocarbon en‘ussmns The ozone-formmg potential is a
measure of the rate at which the emitted hydrocarbons form ozone under spemﬁed COIldlthIlS

A pred1ct1ve model] is typ1cally charactenzed by

o the number of rnathemat1ca1 equauons developed

o the number and type of motor vehicle emissions tests used in the development of
the mathematical equations, and

o the mathemat1cal or statistical approach used to analyze the results of the emissions
tests.

We developed three mathemat:lcal equatlons Collectively, we refer to these three

" mathematical equations as the California predictive model. One equation will estimate the

change in exhaust emissions of hydrocarbons, the second will estimate the change in exhaust -
emissions of oxides of nitrogen, and the third will estimate the change in the combined
exhaust emissions of four toxic air contaminants. The four toxic air contaminants included in

o the equation are benzene, 1,3-butadiene, acetaldehyde, and formaldehyde These toxic air .

" contaminants are combined based on their relative potentlal to cause cancer, which we refer to
as potency-weighting. ,

2. How did we develop the California prediétive model‘?

We have compiled and analyzed the results of over 7,300 vehicle exhaust emissions
fests. A summary of these tests is presented in Chapter III, and they are discussed further in
~ Appendix C. For analysis, we divided the data into four different technology classes,
represented by the model years of the vehicles. These classes are designed to approximate the
different types of emissions controls present on vehicles. In developing the predictive model,
- we only used two technology classes, representing model years 1981 to 1985 and 1986 to
1995. Of the four technology classes, the data for these two technology classes were the most
extensive. In addition, these two technology classes best represent the effects that the use of
alternative gasoline formulations will have on the emissions from future gasoline-powered
low-emission vehicles. We used a standard statistical approach to develop the mathematical
equations to estimate changes in exhaust emissions. This approach is summarized in
Chapter III and discussed in detail in Appendix D. *

3. How do we ensure that the use of the California predictive model will not
have an adverse impact on air quality?

To ensure that the use of the predictive model will not have an adverse impact on air
quality, we are proposing to require producers to demonstrate that the emissions from the use
of their alternative Phase 2 RFG formulation will provide equivalent or lower emissions than
those resulting from the use of fuel meeting the Phase 2 RFG specifications. As discussed
previously, we are proposing to require the producers to make this demonstration for
hydrocarbons, oxides of nitrogen, and toxic air contaminants.



We chose to develop mathematical equations for hydrocarbons and oxides of nitrogen
to ensure that we would not approve an alternative Phase 2 RFG formulation that could result
in an increase of ozone precursors. Similarly, we chose to develop a mathematical equation
for the toxic air contaminants to ensure that we would not approve an alternative Phase 2
RFG formulation that could result in an increased potential cancer risk. The four identified
toxic air contaminants represent over 95 percent of the potential risk from gasoline-powered
motor vehicles. , .

In earlier versions of the predictive model, we considered including requirements that
producers demonstrate that the use of an alternative Phase 2 RFG formulation would not
increase emissions of carbon monoxide or increase the ozone-forming potential of gasoline.
However, we are not now proposing such requirements. : e

We are not proposing to require the producers to make a demonstration for carbon
monoxide because the Phase 2 RFG regulations require that all gasoline contain a minimum -
amount of oxygen in the wintertime, when the carbon monoxide concentrations are the
highest. Oxygen is the fuel property that has the greatest effect on emissions of carbon
monoxide. In addition, we expect all areas of California to attain the federal carbon .
monoxide standard by 1996, with the exception of the Los Angeles County, thus assuring that
carbon monoxide reductions will not be as important to improving air quality as assuring
equivalent reductions in hydrocarbons, oxides of nitrogen, and toxic air contaminants.

. We are not proposing to require producers to make a demonstration for the ozone-
forming potential for two reasons. First, alternative Phase 2 RFG specifications derived using
the predictive model will likely have limits much closer to the Phase 2 RFG specifications
than to conventional gasoline. In addition, use of an alternative Phase 2 RFG formulation
must not result in an increase in the mass emissions of hydrocarbons. The potential variation
in the ozone-forming potential is, therefore, likely to be small relative to the difference
between Phase 2 RFG and conventional gasoline. Second, the database for the ozone-forming
potential is not as robust as the other databases because of the relative lack ‘of speciated
hydrocarbon data. ' Thus, the results from a carbon monoxide equation would probably not be
as reliable as the results from the equations for hydrocarbon and oxides of nitrogen.

4, How will the gasoline producers evaluate alternative Phase 2
RFG specifications using the California predictive model?

The producers will use the California predictive model to establish alternative Phase 2
RFG specifications that can be used in lieu of the Phase 2 RFG specifications. To receive
approval for an alternative Phase 2 RFG formulation, a gasoline producer must demonstrate
that the emissions from the use of gasoline meeting the alternative Phase 2 RFG specifications
will provide equivalent or lower emissions than those resulting from the use of gasoline
meeting the Phase 2 RFG specifications. As discussed previously, the producer must make
this demonstration for emissions of hydrocarbons, oxides of nitrogen, and potency-weighted
foxic air contaminants, ' :



In proposing alternative Phase 2 RFG specifications, a producer may elect to change
the value for any or all of the Phase 2 RFG properties with the exception of RVP. We are
not proposing to allow the producers to vary RVP because the Phase 2 RFG regulations do
not allow averaging for RVP. Thus, the flat limit of 7.00 pounds per square inch (psi) is
equal to the cap limit. The flat limit was set equal to the cap limit to ensure that the
. evaporatwe emissions control systems on new ‘vehicles would function properly. These
emissions control systems are designed to meet the evaporative emissions standards using a -
certification fuel that has an RVP of 7.00 psi. A value less than 7.00 psi could adversely
affect dnveablhty and increase the explosmty potential of the fuel.

_For each selected property, the producers may choose to specify either a flat limit or,
for properties other than RVP and oxygen content, an averaging limit. The producer cannot
use any value exceeding a cap limit. The chosen value of each alternative Phase 2 RFG -
property and the corresponding value for the Phase 2 RFG property are entered in the three
mathematical equations (hydrocarbons, oxides of nitrogen, and toxic air contaminants). Each
mathematical equation provides estimates of the emissions resulting from the alternative -
Phase 2 RFG specifications and from the gasoline meeting the Phase 2 RFG specifications. .- -
The producer then calculates the percent difference in emissions resulting from the use of the
two gasolines. An aCcept'able alternative Phase 2 RFG formulation would have to provide
- eqmvalent or lower emissions for hyd:ocarbons oxides of mtrogen and potency-welghted -
toxic air contamlnants

5. How frequently can gasoline producers use the Cahforma predlctlve
model?

We are proposing to allow gasoline producers to use the California predictive model
for any batch of gasoline produced subject to the following conditions:

o a producer must notify the Executive Officer of the assigned value for
each fuel property and the selected compliance option (flat limit or averaging limit)
before the start of physical transfer of the gasoline from the production facility and
in no case less than 12 hours before the producer either completes the physical
transfer of gasoline or before the gasoline is mixed with other gasoline,

o a producer must offset all fuel property debits before switching from any averaging
limit to any flat limit or from any averaging limit to any other averaging limit, and

o a producer must forego any accrued credits upon switching from an averaging
limit to a flat limit or from any averaging limit to any other averaging limit.

We are proposing that the producers be permitted to use the predictive model

throughout the year. However, alternative gasoline formulations must meet a minimum
oxygen content of 1.8 percent by weight during specified winter months. These months vary -
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depending on the area of California. The oxygen content may not exceed 2.7 percent oxygen
by weight at any time. Also, RVP would be allowed to vary during the winter months when
RVP is currently not regulated. : _

6. Did we evaluate alternative predictive models?

Yes. In developing the proposed California predictive model, we evaluated three other
modeling approaches. We evaluated the approach the USEPA used to develop a complex
predictive model which applies in the federal reformulated gasoline regulations. At WSPA’s
request, we also evaluated a modified USEPA approach ("Hybrid" model). In addition, we
also examined a version of the California predictive model that does not mclude the
application of a simplification technique.

The USEPA used a different statistical approach to develop its complex model ‘The.
approach does not consider the interactions that result from the random errors occurring due -
to the individual effects of the vehicles used in the study. The USEPA approach also
excludes certain terms prior to conducting the statistical analysis (pre-exclusion of terms), -
includes several techniques designed to eliminate outlier data, and uses a mathematical -
technique designed to simplify the model. This later technique is referred to as a "random -
balance.” In addition, the USEPA complex model was designed to reflect the emissions
impact associated with emission control technologies used for 1990 model-year vehicles only. -
Finally, it includes separate models for exhaust emissions from normal-emitting, and high- :«:
emitting vehicles, and for evaporatlve emissions.

The modlﬁed USEPA approach we evaluated differs from the USEPA approach in
several respects. It generally does not include a consideration of the random errors occuring -
due to the individual vehicle effects. It also uses the California working database (which is
somewhat larger than the USEPA database), applies to the same vehicle technology classes as
the California predictive model, and uses slightly different initial assumptions relative to
pre-excluding various statistical terms from the statistical analysis: - - -

We also evaluated a version of the California predictive model that did not incorporate
the random balance. After evaluating the random balance, we found that this is an
appropriate and beneficial technique to simplify the model without sacrificing the explanatory
power of the model. Therefore, our final proposed Cahforma predictive model mcorporates
the random balance.

We found that all of the models fit the data reasonable well. No procedure can
guarantee that it will include the "best" choice of variables; thus, there is no "best" model.
The California predictive model does not pre-exclude any terms, uses the most ‘appropriate
statistical approach, uses the most extensive database, and best represents the California motor
vehicle fleet. Therefore, we believe that the California predictive model we are proposing is
likely to yield relationships that are very close to the most satlsfactory relatlonshlps that: can
be achieved. o



7. Are we proposing to include any special provisions for small refiners when
using the California predictive model?

No. We are not proposing any special provisions for small refiners. Small refiners
must meet the Phase 2 RFG limits for RVP, oxygen, benzene, and aromatic hydrocarbons -
beginning March 1, 1996. If a small refiner meets specified conditions, it will not have to

~ comply with the limits for sulfur, olefin, T50, and T90 until March 1, 1998. The small

refiners have requested that Phase 2 RFG reference specifications be established for small
refiners for the two year phase-in period. The small refiner reference specifications would
have the same values as Phase 2 RFG for RVP, oxygen, benzene, and aromatic hydrocarbons
but would have different values than Phase 2 RFG for the four fuel properties that are not
regulated until 1998. Small refiners could then use the predictive model to certify an '

‘alternative Phase 2 RFG formulation where increases in benzene and aromatic hydrocarbons '

“above the Phase 2 RFG limits could be offset by decreases in sulfur, olefin, T50, and T90

below the Phase 2 RFG reference specifications limit for small refiners.

We are not proposing an interim model for small refineries because we have not

- identified an acceptable approach that maintains the environmental benefits of the Phase 2 =

RFG regulations and is equitable among all refiners. The primary difficulty is establishing = .

acceptable Phase 2 RFG reference specifications for the four properties that are not regulated
until 1998. _ ' -

8. - What process would be used for making future revisions to the California
predictive model based on new emissions test data?

Once édopted, the California predictive model could only be changed in 2 subseqﬁént
rulemaking with notice and public comment. We do not have any specific schedule for

" reviewing and updating the California predictive model. However, we expect to consider the

implications that new emissions test data may have on the results of the predictive model.
Any potential changes to the adopted predictive model would be presented to the public for
review and discussions prior to any proposed formal regulatory action. This review would
include our evaluation of the economic impacts any proposed change would have on a
producer’s ability to recover the substantial costs associated with producing Phase 2 RFG.

9. What regulatory amendments to implement the California predictive
model are we proposing?

We are proposing the addition of section 2265 and conforming changes to several
other sections. The "California Procedures for Evaluating Alternative Specifications for
Phase 2 Reformulated Gasoline Using the California Predictive Model" would be incorporated
by reference into section 2265. This document contains the predictive model equations and
the process that must be followed to determine if alternative Phase 2 RFG specifications can
be used in lieu of meeting the Phase 2 RFG specification. In-addition to the above, proposed
section 2265 identifies prohibited activities, such as selling a gasoline that does not conform



with the alternative Phase 2 RFG specifications, and establishes requirements on how the

ARB is to be notified when a producer changes gasoline spec1ﬁcat10ns using the predictive
model.

Section 2265 also establishes limitations on switching between different gasoline -
formulations. A producer could not change alternative Phase 2 RFG specifications if there are -
outstanding requirements to provide offsets. Further, any previously accrued credits could not.
subsequently be used if a producer elects to switch from one set of alternative Phase 2 RFG::...
specifications to another. We are proposing these provisions for two reasons. First, the value -
of a credit accrued under one set of alternative Phase 2 RFG specifications would not
necessarily have the same value under a different set of alternative Phase 2 RFG .
specifications. Second, we believe that the provisions will significantly reduce the complemty,
of enforcing the regulatlons

. We are also proposmg to add to. sectzon 2260 several deﬁmtlons related to the . ,
predictive model. Changes are proposed to the existing section 2264 to address issues related
to reporting designated alternative limits for alternative Phase 2 RFG specifications.. Changes
are also proposed to existing sections 2262 and 2270 to add references to the alternatxve

Phase 2 RFG specifications. : S

D. SUMN[ARY OF TI-IE PROPOSED AM:ENDMENTS RELATING TO THE
IMPLEMENTATION OF THE PHASE 2 RFG REGULATIONS

1. What amendments to the Phase 2 RFG fegﬁlétibns are we'proposing?

We are also proposing several amendments to the Phase 2 RFG regulations that are
designed to provide additional flexibility to producers and to ease the transition to
Phase 2 RFG. These are summarized in the following discussion.

Amendments to Modify the Allowable Frequency of Selecting Flat lelts or
Averagmg Limits for Fuels Meeting the Phase 2 RFG Specifications: We are -
proposing that gasoline producers be allowed to select flat limits or averaglng limits
more frequently than is permitted in the existing regulations. - S

Cutrently, the Phase 2 RFG regulations require producers to select between the flat
limit or the averaging compliance option on an annual basis. The producers must

" make an initial selection by November 1, 1995 for the calendar year 1996. For each
subsequent calendar year, the producer must identify any changes by October 1. We
originally included these requirements to make enforcement of the regulations easier.

We are now proposing that the Board substantially revise these requirements to =
provide additional flexibility to the producers in selecting whether to use the flat or-
averaging limits. Thése revisions would apply when either the Phase 2 RFG
specifications or alternative Phase 2 RFG specifications are applicable. We are -
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proposing that the Board delete the requirement that producers notify us of their initial

selection by November 1, 1995. In addition, we are proposing that the Board delete

the requirement that the elections be for a minimum of one calendar year. Under the
proposal, producers would be allowed to switch essentially with each batch of gasoline

produced.

 The benefits prbvi_'de.d' to a producer in being better able to manage the routine

operation of the production facility outweigh the added enforcement complexities. We

- are proposing the following amendments that will clearly specify the conditions and
- reporting requirements associated with the increased flexibility: '

0 a producer must notify the Executive Officer of the assigned fuel properties' and

the selected compliance option (flat limit or averaging limit) before the start of .
physical transfer of the gasoline from the production facility and in no case less
than 12 hours before the producer either completes the physical transfer of gasoline
or mixes the gasoline with other final blends, : :

0 - aproducer must offset all fuel property debits before switchi:ig from any averaging
limit to any flat limit or from any averaging limit to any other averaging limit, and

0 a producer must foregd any credits upon switching from an averaging limit to any
flat limit, or from any averaging limit to any other averaging limit.

The fundamental rationale for the notification requirements is the need to know what ’

. specifications apply to the fuel at any time. The recordkeeping and reporting

provisions in the Phase 2 RFG regulations provide the needed assurance that the
regulations will be enforceable. g '

Amendments to Allow Additional Time for Compliance at Terminals, Bulk Plants
and Service Stations: We are proposing that-the Board modify the dates when '
various gasoline distribution facilities must comply with the cap limits in the Phase 2
RFG regulations. Currentty, the Phase 2 RFG regulations require that all facilities
comply by April 1, 1996. To provide for a smooth transition to Phase 2 RFG and to
minimize potential disruptions in fuel supplies, we are proposing that facilities comply
with the cap limits starting April 15, 1996 with two exceptions. The April 15 date
would not apply to gasoline shipped from bulk plants (intermediate distribution
facilities that receive gasoline solely by truck) or to gasoline dispensed into vehicles at
service stations and end-user facilities. Starting June 1, 1996, all gasoline throughout
the distribution system would have to meet the cap limits.

We are also proposing that a provision be added that will provide additional time for
low-volume service stations. However, the operator must establish that any
exceedance of the standards resulted from gasoline shipped before the compliance date
for the cap limits.

11



Amendments to Allow Reporting of the Estimated Volume of Fuel

MeetingAveraging Limits: For each final blend of furel receiving a designated
alternative limit, the Phase 2 RFG regulations require the producers to notify the
Executive Officer of the volume, the designated alternative limit, the blend identity,
and the location of each final blend. This notification must be received by the
Executive Officer before the start of physical transfer of the gasoline from the
production facility and in no case less than 12 hours before the producer either
completes physical transfer or mixes the gasoline with other final blends.

We are proposing that the Board amend this requirement to allow producers to report
the estimated volume of fuel shipped and then report the final volume shipped
within 48 hours after completing the final transfer. As an option, a producer may
enter into an enforcement protoco! with the Executive Officer that would specify an
alternative and equally enforceable requirement. .

Amendments Concerning the Treatment of Imported Gasoline: We are proposing
that the- Board modify the Phase 2 RFG requirements on importers of gasoline
originally refined in California. Currently, the Phase 2 RFG regulations require all
importers to be subject to the requirements applicable to California refiners. This
could be very burdensome for importers that transport gasoline in small batches by
cargo tank truck. -

To reduce this burden, we are proposing that California refiners be required to comply
with the Phase 2 RFG producer limits when producing gasoline that will be offered for
sale at an out-of-state terminal at where the fuel will be identified as gasoline suitable
for sale in California. This would relieve the burden of compliance from the importer
of gasoline originally refined in California and place the burden on the California
refiners. :

Amendments to Change the Number of Significant Digits for the Aromatic

Hydrocarbon Limits: We are proposing that the Board change the flat, averaging,
and cap limits for aromatic hydrocarbons from 25, 22, and 30 volume percent to 25.0,
- 22.0, and 30.0 volume percent, respectively. This proposed change would give the
producers additional flexibility in meeting an averaging limit for aromatic
hydrocarbons when using the California predictive model. By adding one significant
digit, producers would be able to report batches to the tenth of a volume percent:
Producers have indicated that having the ability to report batches to the tenth of a
percent (i.e., 24.6 instead of 25), will significantly increase the usefulness of the
alternative averaging limit option. Currently, there are test methods that can be used
to verify aromatic hydrocarbon content to the tenth of a volume percent.
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2. Are we evaluating other issues associated with the Phase 2 RFG
regulations? ' S

We are continuing to evaluate other implementation issues to ensure that there is a
smooth transition from current gasoline to Phase 2 RFG. For example, we are evaluating the
test methods identified in the regulations to determine how closely results can be reproduced
in different laboratories. We are dlso evaluating the effect that test method reproducibility -
may have on complying with the designated alternative limits and the averaging limits. Some
producers believe that our current enforcement practices, which are based on the | -
reproducibility of the test methods, adversely affect their ability to use the averaging
compliance option. We will continue to work with the producers to investigate these issues.

.E. ENVIRONMENTAL AND ECONOMIC IMPACTS

1. Are there any environmental impacts associated with the proposed
amendments? ' '

~ We have not identified any significant adverse environmental impacts associated with
this regulatory action. The California predictive model is designed to ensure that the '
emissions from a gasoline meeting alternative Phase 2 RFG specifications will provide the
same benefits as a gasoline meeting Phase 2 RFG specifications. Similarly, we do not believe
that any of the other proposed changes will result in any ongoing loss of effectiveness. A
very small increase in emissions may occur during March 1 to June 1, 1996 due to the
extension of the cap limit compliance date for terminals, bulk plants, and service stations.
However, we believe that the emission increases due to these proposed changes will be
insignificant since all gasoline leaving production facilities will have to meet the Phase 2 RFG
limits beginning March 1, 1996. ' : '

We are not requiring that an alternative Phase 2 RFG formulation demonstrate that
there is no increase in emissions of carbon monoxide. Therefore, there is a chance that
emissions of carbon monoxide may increase in the summer when using the predictive model.
However, all areas of the State are projected to be in attainment for the ambient air quality
standard for carbon monoxide by 1996, except Los Angeles County. The federal reformulated
gasoline regulations require that all gasoline sold in Los Angeles County and most of the rest
of Southern California contain a minimum of 2.0 percent oxygen by weight throughout the
year. This level of oxygen will help minimize the emissions of carbon monoxide.’
Furthermore, the Phase 2 RFG regulations require that all gasoline sold in the State contain a
minimum of 1.8 percent oxygen by weight during the winter when carbon monoxide
concentrations are highest.
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2. Are there any adverse economic impacts associated with the
proposed amendments?

The proposed amendments are designed to provide additional flexibility to producers.
This should provide the opportunity to reduce the operating costs of complying with the
Phase 2 RFG regulations for all parties that are affected directly or indirectly. The proposed .
amendments should also allow producers to maximize production capabilities and better
address conditions that may affect the supply of fuel. Consequently, the proposed - )
amendments add greater certainty that there will be no disruptions in the supply of gasoline.
This should help avoid price increases due to any real or. perceived fuel shortages. As such,
the proposed amendments may have a small, but unquantifiable beneficial impact on
California businesses. ' '

F. RECOMMENDATIONS
We recommend that the Board take the following actions.

o Amend sections 2260, 2261, 2262.2, 2262 .3, 2262.4, 2262.5, 2262.6, 2262.7, 2264,
and 2270, and adopt sections 2264.2 and 2265, Title 13, California Code of ,
Regulations, to: _ . _ 4

- * allow an option to use a predictive model to evaluate alternative Phase 2 REG . -
specifications, ' '

- *  delete the requirement that producers notify us of their initial election of a flat
limit or averaging compliance option by November 1, 1995, ‘

* eliminate the condition that a producer may only change between flat limits and
averaging limits once per year, and substitute a requirement that to change
between flat and averaging limits; a producer must notify the Executive Officer

* of the assigned fuel properties and the selected compliance option (flat limit or
averaging limit) before the start of physical transfer of the gasoline from the
production facility and in no case less than 12 hours before the producer either -
completes the physical transfer of gasolinie or before the gasoline mixes with
other fuel blends, - - ' '

*  specify that a producer will be assigried a zei'o_ balance upon switching from -
any averaging limit to any flat limit or from any averaging limit to any other
averaging limit, .

* specify that a producer must offset all fuel property debits before switching

from any averaging limit to any flat limit or from any averaging limit to any
other averaging limit,
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*  delete the requirement that all downstream distribution facilities must comply
with the Phase 2 RFG regulations by April 1, 1996, and substitute a
requirement that facilities must comply with the cap limits starting :
April 15, 1996 with two exceptions -- the April 15, 1996 date would not apply

~“to gasoline shipped from bulk plants or to gasoline dispensed into vehicles at
services stations and end-user facilities (Note that all gasoline throughout the
distribution system would have to meet the cap limits staring June 1, 1996),

*  add a provision that allows additional time for low-volume service stations
provided the operator establishes any exceedance of the specifications resulted
from gasoline shipped before the compliance dates for the cap limits,

*  specify that a producer may report the estimated volume of gasoline-fof ,
purposes of tracking compliance with the averaging limits, but must report the
final volume within 48 hours after completing the transfer of the final blend of
fuel, ' _ o

*  relieve importérs of California-produced gasoline from the Phase 2 RFG =
importer requirements and place the responsibility for compliance on the
California refiner, and =~ : : .

* modify the flat, averaging, and cap limits for aromatic hydrocarbons.
from 25, 22, and 30 volume percent to 25.0, 22.0, and 30.0 volume
percent, respectively.

o Approve the proposed "California Procedures for Evaluating Alternative
~ Specifications for Phase 2 Reformulated Gasoline Using the California Predictive
Model," incorporated by reference in section 2265, Title 13, California Code of
Regulations.

Appendix A contains the proposed regulation order for the affected sections.

Appendix B contains the proposed "California Procedures for Evaluating Alternative
Specifications for Phase 2 Reformulated Gasoline Using the California Predictive Model."

15






I
" BACKGROUND

A.  THE CALIFORNIA PHASE 2 RFG REGULATIONS
1. What do the Phése_ 2 RFG regulations require?

_ On November 22, 1991, the Board approved the Phase 2 RFG regulations. These'
regulations define a comprehensive set of specifications for commercial gasoline (Phase 2 =
RFG specifications) designed to achieve the maximum reductions in emissions of criteria
pollutants and toxic air contaminants from gasoline-powered vehicles. The regulations are an
essential component of our overall strategy to reduce emissions from existing motor vehicles
in California.” In addition, the Phase 2 RFG regulations are expected to assist auto
manufacturers in meeting the low-emission vehicle standards at a lower cost. '

The Phase 2 RFG specifications address eight different gasoline properties.
Table 2 lists these properties and specifications. Table 2 also lists values for typical
California gasoline. : : :

The Phase 2 RFG regulations allow the producers the option of meeting either "flat”
 limits or "averaging" limits, Each producer may choose either the flat limit or, if applicable,
the averaging limit. The flat limits must not be exceeded in any gallon of gasoline leaving
the production facility.

The averaging limits established in the regulations are numerically more stringent than
the comparable flat limits. Under the averaging option, the producer may assign differing
ndesignated alternative limits” (DALs) to different batches of gasoline being supplied from the
production facility. Each batch of gasoline must meet the DAL for the batch. In addition, a
producer supplying a batch of gasoline with a DAL less stringent than the averaging limit
must, within 90 days before or after, supply from the same facility sufficient quantities of
gasoline subject to more stringent DALs to fully offset the exceedances of the averaging limit.
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As shown in Table 2, the Phase 2 RFG regulations also contain "cap" limits. The cap
limits are absolute limits that cannot be exceeded in any gallon of gasoline sold or supplied
throughout the gasoline distribution system. The cap limits are essential for the enforcement
of the Phase 2 RFG regulations once the gasoline leaves the refinery.

Table 2

Properties and Specifications of Typical California Gasoline

and_Phase 2 Reformulated Gasoline

Gasoline Properties Units Typical Flat Limit | Averaging | Cap Limit
California Limit
Average
Reid Vapor Pressure psi 7.8 7.0 o/ - 70 &/
Sulfur pPpmw 150 40 30 80
Aromatic Hydrocarbons vol. % 32 25 ) 30
| Benzene vol. % 20 1.00 0.80 120 -
" Qlefins vol. % 9.9 6.0 . 4.0 10.0 I
h ' : T
Oxygen wt. % 0 1.8-22 o 1 27 {(max)
1.8 (min)b/
T90 Distillation Temperature | deg. F 330 300 290 ¢/ 330
T50 Distillation Temperature | deg. F . 220 210 , 200 220
_b Summertime Only

b/ Wintertime Only
¢/ Refinery Cap = 310°F

2. What are the benefits and costs of the Phase 2 RFG regulations_?

The Phase 2 RFG regulations will achieve significant reductions in emissions of
hydrocarbons, oxides of nitrogen, and carbon monoxide. These emission benefits are
summarized in Table 3. It should be noted that Table 3 does not include any reductions that
result from the use of Phase 2 RFG in vehicles produced as low-emission vehicles. The
emissions impact of Phase 2 RFG in these vehicles is reflected in their certification emissions.
In addition to these benefits, we also expect a 30 percent reduction in the emissions of toxic

air contaminants.
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The emission reductions will be obtained primarily by reducing exhaust and
evaporative emmissions from motor vehicles. Some benefits will be obtained by reducing
evaporative emission losses from the distribution and marketing of gasoline.

Table 3 -

Reductions in the Emissions from On-Road Gasoline-Powered Motor Vehicles _
Due to Phase 2 Reformulated Gasoline : '

Calendar Percent Reduction in Emissions from
Year On-Road Gasoline-Powered Motor Vehicles
Hydrocarbons Oxides of - Carbeon
_ Nitrogen Monoxide -
1996 17 11 11
2000 18 9 9
2005 17 5 7

Source: ARB Technical Support Division: EMFACE7F1.1/B7F1.1°

At the time of adoption in November 1991, we estimated the capital cost to produce
Phase 2 RFG to be between three to six billion dollars. If the entire capital and operating
costs to produce Phase 2 RFG are passed on to the consumer, the price of gasoline could
increase by 12 to 17 cents per gallon. To the average consumer, the increased gasoline cost
would result in a two percent increase in the annual cost of operating a motor vehicle. These
cost estimates do not reflect the savings provided to producers by the additional flexibility
afforded by the proposed amendments. We anticipate that substantial savings will occur, and
will be passed on to the consumer. We are currently evaluating the cost estimates based on
the producer’s proposed facility modifications. As we obtain this information, we will update
the cost estimates as appropriate. '

3. When must sources be in compliance with the Phase 2 RFG regulations?
The producers and importers of gasoline for sale in California must comply with the
Phase 2 RFG regulations beginning March 1, 1996. All facilities must comply with the cap

limits beginning April 1, 1996. These facilities include refineries, terminals, bulk plants, and
service stations.
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The Phase 2 RFG regulations require small refiners to comply with the limits for the
RVP, oxygen, benzene; and aromatic hydrocarbon limits beginning March 1, 1996. However,
the regulations allow small refiners to extend their schedule of compliance for sulfur content,
olefin content, and the T50 and T90 distillation temperatures until March 1, 1998. -

4. What other compliance options are included in the Phase 2 RFG
regulations?

In meeting the requirements for gasoline when it is supplied from the production
facility, the producers may choose to comply with either the flat limits or the averaging limits.
The Phase 2 RFG regulations provide producers another compliance option involving the
certification of an alternative Phase 2 RFG formulation based on comprehensive vehicle
emissions tests.

The Phase 2 RFG regulations allow for an alternative Phase 2 RFG formulation if it
can be shown through the vehicle testing option that emissions resulting from the use of the
alternative Phase 2 RFG specifications are equal to or less than emissions resulting from the
use of gasoline meeting the Phase 2 RFG specifications. The alternative Phase 2 RFG

specifications would be defined by specific flat limits for each of the regulated fuel properties.
A fuel property limit for-an alternative Phase 2 RFG specifications cannot exceed the
appropriate cap limit. The details of the testing option are contained in the "California Test
Procedure for Alternative Specifications for'Gasoline," incorporated by reference in section
2266, Title 13, California Code of Regulations. '

B. THE USEPA REFORMULATED GASOLINE REGULATIONS
1, What do the fgdgml_rﬁt_fp_rmulated gasoline regulations require? .

The 1990 amendments to the Federal Cleari Air Act (FCAA) require the USEPA to
adopt regulations regarding reformulated gasoline (federal RFG). The FCAA provides thai
the federal regulations must require no increase in the emissions of oxides of nitrogen, a -
minimum 2.0 percent by weight oxygen content (with certain exceptions), a maximum =
1.0 percent by volume benzene content, and limits on heavy metals.” The federal regulations
must also specify performance standards for hydrocarbons in the high ozone period and toxic __
compounds year-round. I . '

The federal RFG program will be implemented in two phases. Phase I of the program
begins on January 1, 1995 and Phase. II begins on January 1, 2000. The regulations are to
achieve reductions in emissions of hydrocarbons, oxides of nitrogen, and toxic air
contaminants through the reformulation of conventional gasoline, considering cost, health and
environmental impacts, and energy requirements. Section 211(k)(1) of the FCAA mandates
that federal RFG be sold in the nation’s metropolitan areas that have the most severe
summertime ozone levels and other ozone nonattainment areas that opt into the program. In
California, the regulations will apply in Los Angeles, Orange, Ventura, and San Diego
Counties, and in parts of Riverside and San Bemardino Counties.
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In December 1993, the USEPA promulgated standards for reformulated gasoline. N
Between December 1, 1994 and December 31, 1997 refiners may demonstrate compliance
with emission reduction performance standards using either the "simple model" or the

_ "Phase I complex model.” The simple model has flat, averaging, and cap limits for RVP,

oxygen and benzene; and -a minimum percent reduction requirement for toxic compounds.

. For RVP, the USEPA has identified two different contro] regions which they call

. "YOC Control Region 1" and "VOC Control Region 2." VOC Control Region 1 includes the

southern states and California. The Phase I complex model has flat, averaging, and cap limits
for oxygen and benzene; and flat and averaging minimum percent reduction requirements for
hydrocarbon emissions, oxides of nitrogen emissions, and toxic compounds. Different
hydrocarbon emission reductions are required depending on the control region. Between

January 1, 1998 and December 31, 1999, refiners must demonstrate compliance using the

Phase I complex model.

Beginning January 1, 2000, refiners must demonstrate compliénce using the "Phase II

‘complex model." The Phase II complex model has flat, average, and cap limits for oxygen

and benzene; and a flat and average minimum percent reduction requirement for hydrocarbon

_emissions, oxides of nitrogen emissions, and toxic compounds. As with the Phase I model,
~ different hydrocarbon reductions are required depending on the control region.

) While the substantive federal standards will apply in most areas in southern California,
the ARB has worked with the USEPA and producers to avoid unnecessary duplication of the
enforcement requirements. The USEPA has exempted California producers from many of the

federal enforcement requirements from March 1, 1996 to January 1, 2000, as long as certain
ctiteria are met. In the case of two parts of the federal program, California producers are

exempt before March 1996 as well. While in some instances the federal test methods differ
from the ARB’s, the federal regulations allow producers of California gasoline to use the

- California sampling and test methods in lieu of the applicable federal methods.

2. How do the federal RFG regulations compare to the California Phase 2
RFG regulations?

The USEPA’s federal Phase I RFG regulations affect only four properties of gasoline
and the benefits are significantly less than the benefits of the California Phase 2 RFG
program. In addition, the federal program applies only in southern California where about
one-half of the vehicular emissions occur. In southern California for the year 1996, the
federal Phase I RFG program would achieve about 45 percent of the hydrocarbons benefits

. and about 40 percent of the oxides of nitrogen benefits achieved by the California Phase 2

RFG regulations.

The federal Phase II RFG requirements are implemented four years later than the
California Phase 2 RFG regulations, thus foregoing significant benefits during these years.
We are still evaluating fuels that will meet the requirements of the federal Phase II RFG
program and the difference in the benefits between the two programs. Our preliminary
analysis indicates that in southern California in the year 2000, the federal Phase II RFG
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program would achieve most of the hydrocarbon benefits and about one-half of the oxides of
nitrogen benefits achieved by the California Phase 2 RFG regulations. On a statewide basis,
we expect the federal Phase II RFG program to achieve only about one-half of the
hydrocarbon benefits and one-fourth of the oxides of nitrogen benefits achieved by the
California Phase 2 RFG regulations. These comparisions may change as we develop more
information about the differences between the two programs.
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II.

DEVELOPMENT OF THE CALIFORNIA PREDICTIVE MODEL

‘ This chapter discusses the development of the California predictive model. In the first
section, we will identify what a predictive model is-and the process we used to develop the o
model. Subsequent sections will discuss the emissions test data, the statistical approach we . -
" used, and how we evaluated the predictive model. Finally, we will discuss how we addressed
several issues that arose during the development of the predictive model. | '

A. OVERVIEW
L Why are we developing a predictive model?

We are developing the predictive model to provide additional flexibility to producers
in meeting the requirements of the Phase 2 RFG regulations. _ : | '

The producers can use the predictive model to establish specifications for an
alternative gasoline formulation that can be used in lieu of meeting the Phase 2 RFG
specifications. During the development of the Phase 2 RFG regulations, the producers
requested that we consider this option. The producers believed that a predictive model would
provide greater flexibility to the industry in the production of gasoline. This flexibility should
translate to increased production capabilities and reduced production costs. Through the use
of a predictive model, the producers would be able to show that an alternative Phase 2 RFG
formulation would result in emission reductions equivalent or better than a gasoline meeting
the Phase 2 RFG specifications. We recognized the merits of allowing industry to produce
these alternative Phase 2 RFG formulations and committed to develop a predictive model
subsequent to the November 1991 public hearing. -
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2.  Whatisa predictive model?

In general, a predictive model is a set of mathematical equations that allows one to
estimate the change in emissions from motor vehicles that will occur when one or more
selected fuel properties are changed. A predictive model is typically used to compare the
emissions associated with the use of one gasoline versus another gasoline.

Each mathematical equation applies to a different indicator of air pollution. For
example, a mathematical equation could be developed for an air pollutant such as
hydrocarbons; or, a mathematical ¢ ;uation could be developed for a calculated effect such as
the ozone-forming potential of the nydrocarbon emissions. The ozone-forming potential is a
measure of the rate at which the emitted hydrocarbons form ozone under specified conditions.

A predictive model is typically characterized by:

o the number of mathematical equations developed, :
0 the number and type of motor vehicle emissions tests used in the development
- of the mathematical equations, and : ' .
o the mathematical or statistical approach used to analyze the results of the
emissions tests. -

For our purposes, we developed three mathematical equations. Collectively, we refer
to these three mathematical equations as the California predictive model. One equation-will
determine the change in exhaust emissions of hydrocarbons, the second wil]l determine the
change in exhaust emissions of oxides of nitrogen, and the third will determine the change in
‘the combined exhaust emissions of four toxic air contaminants. The four toxic air
contaminants included in the equation are benzene, 1,3-butadiene, acetaldehyde, and
formaldehyde. They are combined based on their relative potential to cause carcer, which we

refer to as potency-weighting.

3. How is the predictive model to be used?

The predictive model is used to determine if an alternative Phase 2 RFG formulation
will provide the same emissions benefits as a fuel meeting the Phase 2 RFG ‘specifications.

In specifying an alternative Phase 2 RFG formulation, a producer may elect to change
the specifications of any or all of the Phase 2 RFG properties except for the RVP. We are
proposing that the RVP be held constant at 7.00 psi. For each selected property, the producer
- may choose to use either the flat limit or the averaging limit. The producers cannot use any
value exceeding a cap limit, ' S '

The value selected for each alternative Phase 2 RFG property is entered in each
equation with the corresponding value of the Phase 2 RFG property. An acceptable
- alternative Phase 2 RFG formulation would have to provide equivalent or greater benefits in
hydrocarbons, oxides of nitrogen, and potency-weighted toxic air contaminants.
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4.  How did we develop the California predictive model?

The concept of a predictive model arose during the development of the Phase 2 RFG

regulations. The proposed gasoline properties and specificationis were based on a number of
~ studies conducted to evaluate the effects of fuel property changes on emissions. The

comprehensive nature of these emission studies led to an evaluation of different compliance

options that could be used to reduce the cost of complying with the Phase 2 RFG regulations
" and minimize the impact on production capabilities. A comprehensive model was not

included in our original Phase 2 RFG proposal because a fully evaluated statistical approach

~ was not available and several relevant studies that would be useful to supplement the existing
~ data had not yet been completed. =

After the public hearing, we began an extensive effort to consolidate all of the
available data into a master database that could be used to develop a predictive model and

- began investigating various statistical approaches. The producers also began an independent

effort at developing a predictive _model.

In February 1992, we met with the producers to discuss issues related to the

 development of the predictive model. The issues discussed included the studies and available
. data, the appropriate statistical approach, and the variables to be included in the model. Also,

we discussed the methodology for using the model. The Western States Petroleum

Association (WSPA) formed a working group that met periodically with us to discuss the
status and developments of the various modeling efforts. In March 1992, a public workshop -
was conducted to discuss the issues related to the development of the model. ' =

The initial version of the mode! was developed under contract to the ARB by
Dr. David Rocke of the University of California, Davis. From March 1992 to
November 1992, we worked with Dr. Rocke on the further refinement of the ARB model and
periodically met with the WSPA working group. We released the first version of the
California predictive model in November 1992. This version of the ARB model was
subsequently discussed with the public at a workshop in December 1992. |

At the workshop, the producers expressed concerns about certain anomalies in the
model predictions. Over the next several months, an in-depth analysis was made of the
database. As a result of this analysis, we excluded some data for fuels with either a high
oxXygen content (greater than four percent by weight) or an RVP greater than ten pounds per
square inch (psi). We generated a second set of models using the revised database.

The producers reviewed the results of the second set of models. We held meetings
with the WSPA working group and with individual producers. The producers considered the
second set of models as improvements over the previous models. However, they still had
some concerns over the anomalies of some of these models. Therefore, we committed to
continue working with the producers to arrive at a mutually acceptable model. |

To address the anomalies, we agreed with the producers to include the results of
several newly released Auto/Oil Air Quality Improvement Research Program studies on the
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effects of sulfur and T90 distillation temperature on vehicle emissions. In January 1994, we
completed the results of this modeling effort. The result of these models were then discussed
at a public workshop held in February 1994, Since February, we have been analyzing the
model responses and working to refine the model.- The predictive model that we are
proposing is the culmination of these efforts.

We have also examined several possible alternative approaches and models. We have
‘examined the approach used by the USEPA in their development of a predictive model. At
the producers” request, we have also evaluated an alternative model based on the USEPA’s-
efforts to develop a complex model and examined the effects of using several model
simplification techniques. These alternatives are discussed in mote detail in Chapter V and
Appendix E.

B. DEVELOPMENT OF THE VEHICLE EMISSIONS TESTS DATABASE

1. What is the source of the emissions testing data used to develop the
California predictive model? .

The data used to construct the California predictive model were obtained from studies
conducted to investigate the effects of fuel property changes on emissions. All of the studies
involved actual vehicle tests in which vehicles fueled with gasoline of known composition
were driven at prescribed conditions over prescribed driving cycles. The vehicle tests were
based on the Federal Test Procedure (FTP). The emissions from test vehicles were measured.
The effects that varying fuel properties have on exhaust emissions were estimated using
standard statistical techniques. The fuel properties varied in the test gasolines included RVP,
sulfur, aromatic hydrocarbons, olefins, benzene, T50 and T90 distillation temperatures, and

oxygen.
2. How was the master database constructed?

We established a2 master database by entering the data from the available studies into a
Statistical Analysis System (SAS)-based spreadsheet. Depending on the individual study
design, each study observation resulted in the measurement of up to 130 individual
parameters. ‘ S

3. -What data are inclu‘déd in the working database?

The actual database used in the development of the California predictive model is a
subset of the master database. This actual database is referred to as the working database.
The working database includes information from 20 studies arid represents over 7,700
individual vehicle tests. These 20 studies are summarized in Table 4. Appendix C briefly
describes all of the studies that are included in the database. Specific information on the test
fuels, the resulting gram per mile emissions, and the model year were extracted from the
- master database. ' I :
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Table 4

. | N Summa_i'y of Emission Test Studies Used
in Developing the Working Database

~ Study Title Fuel Properties Examined ~ Number of Tests
1. USEPA-Emission Factors oxygenates 1512
2. Auto/Oil Program-AMOT aromatic hydrocarbons, olefins, T90 1660

: : distillation temperature, oxygenates
3. Auto/Qil-Sulfur-Phase 1 sulfur - 300
4. Auto/Qil-Sulfur-Phase II sulfur 294
5. Auto /Qil-Low Sulfur sulfur 109
6. Auto/Oil RVP/Oxygenates RVP, oxygenates (MTBE, ETBE, ethanol) 471
7. Auto/Qil-MTBE and TAME MTRBE, TAME 30
8. Auto/Qil T90-Heavy Hydrocarbans Aromatics and T90 distillation 617
o "~ | temperatures ' -

. 9. GWWSPA/CARB-Dﬁveability' RVP, T90 driveability index, oxygenates 234
10. API-RVP/Oxygenate Program RVP, oxygenates 154
11. APl/Aromatic Hydrocarbons RVP, aromatic, sulfur, 'T50, TO0 212
12. Chevron Distillation T10, T50, T90 distillation temperatures, 449

aromatic hydrocarbons, RVP
13. Unocal-RFG T10, T50, T90 distillation temperatures, 744
aromatic hydrocarbons, RVP, fuel octane,
olefins, oxygenates, paraffins
14. NIPER-Benzene Precursor Study benzene, aromatic hydrocarbons . 90
15. CARB/ATL-Oxygenate oxygen, oxygenates, RVP 257
16. ARCO EC-X sulfur, T50 and T90 distillation 138
temperatures, aromatic hydrocarbons,
benzene, olefins, RVP, oxygenates
17. ARCO-T50/T90 T50 and TS0 distillation temperatures - 73
18. Auto/Qil-Methanol Methanol 39
19. EPA/ATL.-Phase I/II RVP, oxygenates, T90 distillation 278
temperatures, sulfur
20. ARB/GM-Confirmation sulfur, T50 and T90 distillation 3
temperatures, aromatic hydrocarbons,
benzene, olefins, RVP, oxygenates
Total 7724

26



Vehicles with different types of emissions control technologies will react differently to
changes in fuel properties. For example, a vehicle with a catalytic converter will likely show
an increase in emissions of hydrocarbons if the sulfur content of a fuel is increased. This
occurs because sulfur has a detrimental effect on the catalyst metals. A vehicle without a
catalyst should not show this effect. Therefore, we divided the working database into five'
technology classes. that generally represent the type of vehicle emissions control technology-in
use. We refer to these technology classes as Tech classes. The five Tech classes were those
as defined during the Phase 2 RFG rulemaking process. These Tech classes and the number
of emissions tests in the database for each Tech class are shown in Table 5. Note that Tech 5
represents low-emission vehicles. There are no data in the working database for these”
vehicles. ' | S

Table 5

“Vehicle Techhology Classes Used in the ARB Database

——

Technology |  Model - Dominant Emissions Control ‘Nulmb“er o;i"
Class Years . 'Technology " | Testsin the |
- ‘ _ _ Database
" . Tech 1 Pre 1975 Non-catalysts vehicles - 1 159 -
|| Tech 2 1975 - 1980 | Open-loop oxidizing catalysts | 238
 Tech 3 1981 - 1985 | Early closed-loop three-way 1,487 |
‘ ' catalysts
" Tech 4 1986 - 1995 | Closed-loop three-way catalysts 5,840
|| Techgj,&_ ~ Post 1995 Low-emission véhicles . o 1. .0

4. What daia were excluded from: the database? :

In evaluating the database, we concluded that certain fuels should.not be.included . _
because they would tend to inappropriately influence the statistical analysis. We,excluded:
fuels with an RVP greater than 10 pourids pér square irich because these fuels would clearly -
not be produced in the summertime in California. For similar reasons, we excluded fuels ‘with
a sulfur content greater than 1000 parts per million by weight, oxygen content greater than
four percent by weight, the 50 percent distillation temperature greater than 250 degrees
Fahrenheit, and the 90 percent distillation temperature greater than 374 degrees Fahrenheit.
We also excluded Fuel "Y" from the ARB/ATL Oxygenate Study because an engineering
analysis indicates that there were problems in blending the fuel that resulted in inaccurately
reporting the values. Table 6 presents a summary of the excluded data and the number of
data points affected. In total, approximately 1100 tests out 8800 tests or 12 percent were
excluded.
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Table 6

Summary of Dafa Excluded from the ARB Working Database

Excluded Data Number of Emission Tests Excluded by Technology Class
_ Tech 1 . Tech 2 Téch 3 Tech 4
Reid vapor pressure > 10 psi 2 5 343 595
Sulfur > 1000 ppmw | 0 0 0 | 1
Oxygen > 4 % by weight 0 0 0 110
TS0 > 250 degrees Fahrenheit | . 0 0 8 16
T90 > 374 degrees Fahrenheit 0 0 6 15
Fuel "Y" from ARB/ATL . 1 ) 4 7
" Oxygenate Study L ' o

C. STATISTICAL APPROACH USED TO DEVELOP TI-IE CALIFORNIA
PREDICTIVE MODEL

This section presents a general overview of the statistical approach used to develop the

California predictive model. A detailed discussion of the statistical approach used to develop

the California predictive rnodel is presented in Appendix D.

The California predictive model is based on statistical analysis of the ARB working
database. A set of equations was developed using standard statistical techniques to relate
specific properties of the gasoline used in vehicle tests to emissions of hydrocarbons, oxides
of nitrogen, and the potency-weighted toxic air contaminants (benzene, 1,3-butadiene,
formaldehyde, and acetaldehyde weighted relative to their estimated cancer-causing potential).
Each equation represents a "best-fit" line or curve explaining the relationship between fuel
properties and exhaust emissions.

The statistical approach involves the following: = (1) defining which Tech classes to
address, (2) defining the mathematical form of the model, and (3) simplifying the model.

1. What technology classes are included in the California predictive model?
As discussed previously, the effect of fuel properties on emissions varies as a function

of the type of vehicle emissions control technology generally in use. Therefore, it is
appropriate to develop separate equations for vehicles with common emissions control

" technologies. In the earlier versions of the predictive model, we developed equations for
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each of the four Tech classes. We are proposing that the final California predictive model
include equations for the Tech class 3 and Tech class 4 only. Ourrationale for this decision
follows. :

‘First, the mathematical equations developed for Tech class 1 and Tech class 2 are
based on a database that is much smaller than the database used to develop the Tech class 3
and Tech class 4 equations. Tech class 1 and Tech class 2 have a total of 160 and 240
emissions tests, respectively; the Tech class 3 and Tech class 4 have a total of 1,491 and
5,847 emissions tests, respectively. Thus, there is much less confidence in the ability of
models to estimate the true effects that a change in fuel properties may have on emissions in
these Tech classes.

In addition, Tech class 3 and Tech class 4 are likely to best represent the technology
used to comply with the low-emission vehicle program, .In the year 2005, low-emission - -
vehicles produce about 40 percent of the hydrocarbon exhaust emissions and 60 percent of the
oxides of nitrogen emissions. In 1994, new vehicles will begin to be certified on Phase 2 |
RFG. In estimating the benefits of Phase 2 RFG, we did not include any benefits for the use
of Phase 2 RFG in low-emission vehicles because those benefits had been included in the
low-emission vehicle program. However, we believe it is necessary to consider the effects
that alternative Phase 2 RFG specifications that would be allowed by using the predictive
model will have on the emissions from future vehicles. We expect that Tech class 3 and
Tech class 4 will best represent the effects of changes in fuel propertles on low-ennssmn
vehicles compared to including all four Tech classes. :

2. What statistical approach did we use in developmg the Callforma
predictive model?

i

We used the SAS Institute’s Mixed Model Procedure to develop the Callforma
predictive model. The term "mixed" means we are including both fixed effects and random
effects. A fixed effect is the change in emissions that result from a change in a particular
value of a fuel property. Random effects are the changes in emissions that result from the
vehicle and vehicle by fuel parameter interactions.

We ran SAS Mixed Model Procedure for each pollutant and for each Tech class to -

develop an equation relating fuel properties and emissions. Table 7 identifies the individual
equations developed.
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Table 7

Summary of Individual Equations Deveioped

Pollutant Individual Equations
Developed

. _ Tech Class 3 Tech Class 4
Hydrocarboné X X

Oxides of Nitrogen X X
Benzene X X
1,3-Butadiene X X
Formaldehyde X X
Acetaldehyde X X

AL

Each equation consists of an intercept, a series of seven potential first order terms, and
28 potential second order terms. A first order term represents the relationship that a change
in an individual fuel property has on vehicle emissions. A second order term represents the
interactive effects of fuel properties on vehicle emissions. S

Each equation has several terms that relate the concentration of a fuel property to the
emissions of a specific pollutant. For the hydrocarbon and oxides of nitrogen equations, we
have included all seven potential linear terms on the premise that the influence of these
controlled parameters on emissions should be accounted for. The SAS Mixed Model
Procedure identifies those second-order terms that are significant.. In general, most of the
second-order terms are eliminated. Table D-3 of Appendix D identifies the significant terms
included in the Tech class 3 and Tech class 4 equations for both hydrocarbons and oxides of
nitrogen.

~ For the toxic air contaminant equations, we have included the same seven linear terms
as in the hydrocarbons and oxides of nitrogen equations. We also evaluated the significance
of adding a linear benzene term to the toxic air contaminant equations. We did not include
the benzene term in those equations where it was shown to have an insignificant effect.
Significance was determined through a standard t-statistic evaluation where a significant term

~ was one whose probability of random occurrence was less than 0.05. The benzene term was

eliminated from the 1,3-butadiene equations for Tech class 3 and Tech class 4, from the
formaldehyde equations for Tech class 3 and Tech class 4, and from the acetaldehyde
equation for Tech class 3. We did include the benzene term in the benzene equations for

Tech class 3 and Tech class 4, and the acetaldehyde equation for Tech class 4. We did not

identify any significant second-order terms for any of the toxic air contaminants.
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3. How did we simplify the equations?

The random balance is a statistical technique used to reduce the number of terms in
the equations without adversely affecting the explanatory power of the equations. The theory
1s that over a narrow interval, a curved surface can be adequately approximated by a straight
line. The narrower the interval, the better the approximation. In terms of the equations, a
curved surface is the result of the inclusion of second-order terms. If the curved surface can
be replaced with a straight line, second-order terms would be eliminated, and the equation
would be simplified. : :

The random balance approach uses numerical techniques to identify the terms that are
contributing most to the explanatory power of the equations. This is done by generating
thousands of random fuels balanced through the space defined by the random balance box.
The set of random fuels and estimated emissions then can-be assembled so that a numerical
analysis can estimate the contribution of each term to_the overall fit of the surface in the
defined region. Any term that contributes less than one percent to the predictive power of the
equation can be eliminated. : '

The random balance approach was applied to the hydrocarbons and oxides of nitrogen
equations for both Tech class 3 and Tech class 4, Table D-5 of Appendix D lists the terms of
the final equation after the random balance was applied. The random balance was not applied
to the equations for the toxic air contaminants because there were no second-order terms
included in these equations. o

4. How are the final equations used?

The equations are used to calculate the percent difference in predicted enﬁssidhs of a
candidate fuel to those from the reference fuel. The reference fuel specifications are equal to
Phase 2 RFG at the flat or averaging limits. If the candidate fuel has an averaging limit for a
fuel property, then the appropriate averaging limit is used for the reference fuel specification.
If the candidate fuel has a flat limit for a fue! property, then thé appropriate flat limit is used
for the reference fuel specification. | S

As mentioned earlier, a separate equation has been developed for Tech class 3 and
Tech class 4 and for each emissions criterion. - To develop a single predictive model for each
of the three emissions criteria, Tech class 3 and Tech class 4 results must be combined.f The
method used to combine the results is referred to as the technology class weighing. The
detailed methodology for combining the individual equations is presented in Appendix D.

For the hydrocarbons and oxides of nitrogen emissions criteria, the technology class

weightings were based on the average contribution from each technology class to the total
emissions from the two technology classes. ‘ ‘ -
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Once the composite values are determiﬁed, the percent difference between the
predicted values for the alternative Phase 2 specifications and the Phase 2 RFG reference

. specifications is calculated.

We are proposing that potency-weighted mass of toxics be used to evaluate

* equivalency of toxic emissions among fuels. The proposed California predictive model -

evaluates the percent difference. between the potency-weighted emissions of the alternatlve
Phase 2 RFG spemﬁcatlons and the Phase 2 RFG reference specifications. In developmg
regulations to control emissions of toxic air contaminants, the ARB’s practice is to consider.
the potency-weighted emissions of the particular toxic air contaminant. The ARB has
identified benzene, 1,3-butadiene, formaldehyde, and acetaldehyde as toxic air contaminants.

Table 8 lists the relative potencies of 1,3- butad1ene benzene, formaldehyde, and
acetaldehyde. The relative potencies of these toxic compounds are based on cancer potency
values provided by the Office of Environmental Health Hazard Assessment (OEHHA). The
cancer potency value for each poliutant has been divided by the cancer potency value for
1,3-butadiene. If the model evaluated toxics on a mass basis, the relative impact of a

o gram/rmle reduction of formaldehyde would be equal to a gram/mile reduction of

1,3-butadiene. ‘This approach does not consider the potential cancer risk associated with each -
pollutant. As shown in Table 8, the potential cancer risk associated with 1,3-butadiene is 62. 5 .

times that of acetaldehyde. We believe the model should take thlS into account when

evaluating the eqmvalency of two- fuels

Table 8

Potency Weighting Factors
(relative to 1,3-Butadiene)

i Unit Risk (ug/m;)'1 Relative Potency - “
|

|

|

1,3-Butadiene - 1.7E-4 ‘ 1.0
Benzene : 2.9E-5 017"
Formaldehyde 6.0E-6 ' 0.035

i Acetaldehyde 2.7E-6 0.016 : “

Reference: California Air Pollution Control Officers Association, Air Toxics Hot Spots Program, Revised 1992 Risk
Assessment Guidelines, October 1993
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For the potency-weighted toxic air contaminants, there are eight different equations
that must be combined (four toxic air contaminants and two Tech classes). There is also not
an emissions inventory for the toxic air contaminants from mobile sources. Therefore, the
comparison between two fuels is based on ensuring that there is no increase in the relative
potential number of cancer cases. The detailed methodology for combining the md.1v1dua1
equations for the toxic air contaminants is presented in Appendix D.

For an alternative gasoline formulation to be acceptable, the percent difference in
emissions of hydrocarbons, oxides of nitrogen, and potency-weighted toxic air contaminants
for the alternative gasoline formulation compared to the Phase 2 RFG reference fuel must be
less than or equal to ©. 04 percent for all pollutants. -

5. How well do the California predictive model predictions compare. wnth
observation? S

The best approach for detenmmng how well the Cahforma predictive model performs
1is to compare the model’s predictions to the restilts of a study that is not part of the database. -
Unfortunately, there is no such study available at this time. As an alternative, we selected
certain studies that are part of the ARB working database to compare predictions versus
observations. Two groups of studies were selected. The first group represented well-designed *
studies on fuels outside the Phase 2 region (most fuel property values are well above Phase 2 ;
limits). For this group, the Auto/Oil AMOT (study 2 in Table 4) and the Auto/Qil T90
(study 8 in Table 4) studies were selected. The second group represented well-deagned
studies on fuels within the Phase 2 region (most fuel property values meet the Phase 2 limits).
For this group, we selected the ARCO-EC-X (study 16 in Table 4), ARB/GM-Confirmation
(study 20 in Table 4) and the GM/WSPA/CARB (study 9 in Table 4) studies.

Comparing the observed percent change to the predlcted percent change for each set of
fuels, we found that the predicted percent change in emissions was generally within -
10 percent of the observed values. The California predictive mode! appears to predict better
for fuels in the Phase 2 region and does better in predicting the percent change in
hydrocarbons than oxides of nitrogen. These two points support the use. of the California
predictive model. Alternative Phase 2 RFG specifications should be close to Phase: 2 .values
where the model predicts better. Variability in emissions measurement tends to be greater -
with hydrocarbons than oxides of nitrogen. This favors the selection of a model that predicts
better for hydrocarbons than for oxides of nitrogen. Additional details concermng th13
analy51s are presented in Appendix D. _
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'D.. ISSUES RELATED TO THE DEVELOPMENT OF THE PR.OPOSED

CALIFORNIA PREDICTIVE MODEL

The following section identifies and discusses the major issues associated with

: dc\}eloping the California predictive model.

1.- - Should we retain the carbon monoxide test requirement in the California
predictive model? o ' ‘ e

‘No. The proposed California predictive model does not include a carbon monoxide
equation. In earlier versions of the California predictive model, separate equations were
developed to estimate the emissions of carbon monoxide.  As with hydrocarbons and oxides
of nitrogen, estimated carbon monoxide emissions were to be used as one criteria for
evaluating a candidate fuel. We propose not to include a carbon monoxide equation in the

California predictive model because the carbon monoxide exceedances are mainly a
- wintertime phenomenon.

In ‘1 991, there were eight areas in California designated as nonattainment for the-

" federal ambient air quality standard for carbon monoxide. In the fall of 1991, the ARB

adopted the California Wintertime Oxygenate Program. This program requires gasoline sold

_ rin_California to have a minimum oxygen content of 1.8 percent by weight and a wintertime
~ maximum oxygen content of 2.2 percent by weight. : - '

The Wintertime Oxygenates Program has a sunset clause that ends the program on

February 29, 1996. However, the oxygen content requirements of the Wintertime Oxygenates
‘Program have been incorporated into the Phase 2 RFG regulations. By 1996, the ARB

projects that all of California, except Los Angeles County, will be in attainment for both the =
federal and state ambient air quality standards for carbon monoxide.

As a result, inclusion of a carbon monoxide criterion in the California predictive model
15 not necessary. '

2. Should we retain the "Ozone-Forming Potential test requirement in the
California predictive model? '

No. The proposed California predictive model does not include an ozone-forming
potential equation. Earlier versions of the California predictive model included ozone-forming

 potential, or reactivity, as a criterion for evaluating a candidate fuel. The ozone-forming
. potential of the rate at which the emitted hydrocarbon ozone under specified conditions is a

measure of how effective emissions of organic gases are in producing ozone. Motor vehicle
hydrocarbon emissions consist of scores of individual species that vary significantly in

ozone-forming potential. Changing the composition of fuels alters the composition of exhaust

_emissions. We are not proposing to include an ozone-forming potential equation in' the

proposed California predictive model for the following reasons.

34



The Low-Emission Vehicles and Clean Fuels regulations use reactivity adjustrhent
factors (RAFs) to correct the exhaust emission standards for differences between the -
ozone-forming potential of Phase 1 gasoline and other fuels. The RAF is the ratio between
the ozone-forming potential (on a mass basis) of a candidate fuel’s exhaust from a certain
vehicle type to the reactivity of Phase 1 gasoline exhaust from that same vehicle type. The
RAFs for Phase 2 gasoline are 0.98 and 0.94 for Transitional Low-Emission Vehicles
(TLEVs) and Low-Emission Vehicles (LEVSs), respectively. In other words, the
ozone-forming potential of exhaust emissions from a TLEV fueled with Phase 2 gasoline is
about 2 percent less than an equal weight of TLEV exhaust emissions with Phase 1 gasoline.
Since any candidate fuel evaluated with the predictive model would have specifications
similar to Phase 2 gasoline, and since the potential variation in ozone-forming potential
between the two fuels is small, [and since the predictive model is not as statistically robust for
ozone-forming potential compared to other exhaust parameters because of the relative lack-of .
organic gas exhaust profiles,] we do not believe inclusion of an ozone-forming potential
criterion in the model is necessary.

3. Should we develop a California predictive model for wintertime
application? ' '

No, not at this time. As discussed in Chapter I, we are proposing to allow the
proposed California predictive model to be used during the wintertime oxygenate season.
However, we do plan to evaluate the need for, and the feasibility of, developing a separate
predictive model for the wintertime oxygenate season. If we developed a wintertime model,

- our intention at this time would be to allow producers the option of using this model.

In developing a wintertime oxygenate model;, we would more closely evaluate the -
impact that difféerent RVP fuels may have on the model. We would reevaluate the current
database and determine if additional RVP data should be used to develop predictive model
equations. The current version of the California predictive model excludes RVP data greater
than 10 psi. We would evaluate if sufficient emissions data exists at wintertime. temperatures.
Because changing the RVP also affects exhaust emissions of carbon monoxide, we would~
evaluate the need for including a carbon monoxide model component in a wintertime model.

4, Are we providing small refiners any special provisions when using the
California predictive model to qualify alternative fuels in the 1996 - 1998
time frame? ' '

-No, not at this time. As discussed in Chapter I, section B, we are not proposing any
special provisions for small refiners to use the proposed California predictive model during
the 1996 - 1998 time frame. - Small refiners have a two-year extension for meeting the
Phase 2 RFG requirements for sulfur, olefins, T50, and T90. The small refiners have
requested that a small-refiner Phase 2. RFG reference specification be established that would
have the same values as Phase 2 RFG for RVP, oxygen, benzene, and aromatic hydrocarbons
but would have a different value for sulfur, olefins, T50, and T90. Some suggested we allow
small refiners to certify fuels against a reference fuel with ASTM values for sulfur, olefins,
T50, and T90. We did not agree with this approach since it would result in a loss of most of
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E thé 'emlsswn. benefits from regulating the other four fuel propertieé' We have examined

several alternatives but are not in a position to recommend an approach that we believe would
maintain the environmental benefits of the Phase 2 RFG regulations and be equitable among
all small refiners. As a result; we are not proposing any special prowsmns for small refiners
when usmg the California predictive model
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Iv.

SUMMARY OF THE PROPOSED AMENDMENTS
TO THE PHASE 2 RFG REGULATIONS

_ In this regulatory action, we are proposing amendments to the Phase 2 RFG )
" regulations. These amendments affect sections 2260-2265 and section 2270, Title 13, . .-
California Code of Regulations (CCR). In particular, we are proposing amendments that
would: S ' _ : .

0 add an option to allow the use of a predictive model to evaluate and approve
alternative Phase 2 RFG formulations, and 3 e

o modify several sections of the Phase 2 RFG regulations to facilitate
implementation.

The following discussion presents the proposed amendments. The first section
discusses the predictive model procedures. The second section discusses proposed
amendments to the regulations to authorize the use of the predictive model procedures. The
third section discusses issues associated with the implementation of the Phase 2 RFG
regulations. '

A. PREDICTIVE MODEL PROCEDURES

The California predictive model will allow producers to establish specifications for
" alternative Phase 2 RFG formulations that can be used in lieu of meeting the Phase 2 RFG
specifications. Through the use of a predictive model, the producers will be able to evaluate
whether the emissions from the use of alternative Phase 2 RFG specifications will result in
emnission reductions equivalent or better than using a gasoline meeting the Phase 2 RFG
specifications. ' '
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In thls regulatory action, we are proposing that the Board adopt new procedures
entitled "California Procedures for Evaluating Alternative Specifications for Phase 2
Reformulated Gasoline Using the California Predictive Model" (predictive model procedures
or procedures). The proposed procedures would be incorporated by reference in section 2265,
Title 13, CCR. The complete text of the proposed section 2265 is included in Appendix A.
The complete text of the proposed procedures is mcluded in Appendix B,

A producer will have to evaluate the candidate alternative Phase 2 RFG specifications
in accordance with the proposed procedures before electing to have the alternative Phase 2
RFG specifications apply to the producer’s gasoline. The proposed procedures set forth a set
of equations that are used to:

o predict the mass exhaust emissions for hydrocarbons, oxides of nitrogen, and toxic
air contaminants (calculated individually for benzene, 1 3-butad1ene formaldehyde
and acetaldehyde) by vehicle technology class,

0 combine the predicted mass emissions for hydrocarbons and ox1des of
mtrogen for each vehicle technology class into a single total mass
emissions value for hydrocarbons and oxides of mtrogen usmg
technology class emissions weighting factors, L

0 weight the predicted mass emissions of each toxic air contaminant by
the weighting factor for véhicle miles traveled (VMT ) and the potency
‘weighting factor,

0 combine the potency and VMT weighted erhissions for each toxic compound into a
single total potency/VMT weighted value, S Lo

o calciilate'the percent differenice in the combitied frass emission values of
hydrocarbons and oxidés of" nitrogen for the candidate fuel (the
alternative Phase 2 RFG spemﬁcatmns being evaluated) with respect to -
the combined mass emission values of hydrocarbons and oxides of -
nitrogen for the reference fuel (Phase 2 RFG specifications),

o calculate the percent difference in the potency/VMT weighted emissions
value for the candidate fuel with respect to the potency-weighted .
emissions value for the referenoe fuel and

0 compare the percent dlfference in emissions for the candidate fuel with respect to
+ the reference fuel-for hydrocarbons,: oxides of nitrogeti, and potency-weighted: tOch
air contaminants using the-criterion that the difference must be-0.04 percent or-
less for each pollutant for the alternative Phase 2 RFG specifications to be deemed
acceptable -
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The proposed procedures define terms used in the procedutes, provide reference fuel
specifications, establish vehicle technology classes and technology class emissions and VMT -
weightings, establish potency-weighting factors, provide the general mathematical form of all
the equations, provide the specific predictive equations with coefficients and standardization
factors, provide the pass/fail criterion, and establish reporting notification requirements.
Below is a summary of the information and requirements contained in the procedures.

Definitions: The procedures define terms that are used throughout the document. -
Standard definitions are used to define terms such as candidate fuel, reference fuel, and
executive officer. Definitions are provided for all the regulated fuel properties. These _
definitions include the units of measurement for the property and the number of significant -
figures to be used, and are necessary to ensure that the procedures are clear and free from
ambiguity. When a fuel property can be subject to either a flat or.an averaging limit, the
producer will determine whether the candidate alternative Phase 2 RFG specifications will

apply as a flat or an averaging limit. The producer would then identify the reference fuel -

specification for that property, based on the standard in the regulations under that compliance .
option. '

Reference fuel specifications: For each of the eight fuel properties regulated by the
Phase 2 RFG regulations, the procedures identify the specifications to assigned to the

reference fuel. These specifications are based on the various limits in the regulations. The

procedures contain an optional worksheet to help an applicant determine each reference fuel
property value. Table 6, in the proposal procedures, identifies the reference and candidate .
fuel property values for oxygen content when the candidate property value is outside the

1.8 to 2.2 volume percent range. .

Vehicle Technology Classes and Technology Class emissions weightings: The
procedures define two technology classes -- Tech class 3 (model years 1981-1985) and
Tech class 4 (model years 1986-1995). The emissions weighting factors correspond to the
average contribution of Tech class 3 and Tech class 4 to the on-road motor vehicle emissions
for the years 1996, 2000, and 2005. '

VMT weightings: The procedures establish VMT weighting factors for the four toxic
air contaminants. These factors were calculated by taking the average of the VMT fractions
for Tech classes 3 and 4 for the years 1996, 2000, and 2005. '

Potency weighting factors: The procedures establish potenby weighting factors for

" benzene, 1,3-butadiene, formaldehyde, and acetaldehyde. The weighting factors represent the

cancer potency value for each toxic pollutant relative to the cancer potency value for
1,3-butadiene.

General form of the predictive equations: The procedures contain a general
description, in the form of mathematical equations, of how mass emissions are predicted, how
the combined emissions are determined using Technology class weighting factors and potency
weighting factors, and how the final comparison of the candidate to reference fuel is made.
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Predictive équations: The bulk of the procedures contain ‘detailed mathematical
equations used to predict the mass emissions for hydrocarbons, oxides of nitrogen, and toxic
air contaminants. The fuel property values for the candidate fuel and then the reference fuel
are substituted into the equations to calculate the mass emissions for each pollutant by
technology class. The mass emissions by technology class are combined for each pollutant in
a second series of equations. The combined emissions for the candidate fuel and the reference
fuel are then compared in a third equation. ‘Separate equations are provided for each of the
six pollutants and for the two technology classes. Thus, a total of 12 equations are used.
Each equation has a unique intercept and a unique coefficient for each linear term (all the
regulated pollutants). and any significant second order terms. Each equation contains a unique
set of constants to standardize the fuel property value for each term. ‘

Pass/Fail criterion: The procedures require that the percent increase in ‘emissions for ..
the candidate fuel with respect to the reference fuels for hydrocarbons, oxides of nitrogen, and
potency-weighted toxic air contaminants be 0.04 percent or less. A candidate fuel must pass
on each pollutant individually to be deemed an acceptable alternative gasoline formulation, =

Reporting requirements: The procedures require that the applicant notify the
Executive Officer of the ARB for each set of alternative Phase 2 RFG specifications that the
producer intends to assign to gasoline supplied from its production facility. This information
will be in a format agreed upon by the Executive Officer. At a minimum, the information
- must identify the fuel or the period of time for which the alternative Phase 2 RFG formulation
is applicable, the value of and the selected compliance option for each Phase 2 RFG = '
specification, the reference fuel specifications, and the percent difference in emissions between
the candidate fuel and the reference fuel. ' ; S

B. REQUIREMENTS FOR USE OF THE PREDICTIVE MODEL

Proposed new section 2265 contains the requirements for selling gasoline subject to
alternative specifications identified through application of an predictive model. 'Amendments -
* are proposed for section 2260 (Definitions), section 2264 (Designated Alternative Limits), and
section 2270 (Testing and Recordkeeping). Below is a summary of the provisions contained
in section 2265. . ‘ '

Section 2265(a) establishes the procedures for evaluating alternative specifications
using the California predictive model. It also establishes the requirements for notifying the
ARB regarding alternative Phase 2 REG specifications evaluated in accordance with the -
predictive model. The subsection: . ' SRR

o Incbrporates by reference the "California Procedures for Evaluating Alternative

Specifications for Phase 2 Reformulated Gasoline Using the California Predictive
Model." ' ' : ' o
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Provides that a producer electing to supply a batch of gasoline from its production
facility subject to alternative Phase 2 RFG specifications evaluated under the
procedures must notify the Executive Officer of the following information: the
identity, location, and estimated volume of the batch of gasoline, the predictive

~ model alternative specifications that apply, the compliance option for each fuel

property, and the numerical values for the percent change in emissions for

. hydrocarbons, oxides of nitrogen, and potency weighted toxic air contaminants.
" This information is necessary for ARB personnel to confirm that the alternative

specifications meet the criteria in the procedures and to verify that the gasoline

" being supplied conforms with applicable requirements.

Requires notification of a predictive model alternative Phase 2 RFG formulation at

least 12 hours before the start of physical transfer and in no case less than 12 hours
before physical transfer is completed or the final blend is commingled with other -
fuel. This notification time frame is identical to the applicable time frame for
reportmg designated alternative limits.

Provides that once a batch of gasohne is supphed from a production facility subject__
to alternative specifications, all batches subsequently shipped from the facility will

- be subject to the alternative specifications until the ARB is advised otherwise.

Section 2265(b) identifies prohibited -activities for producers supplying gasoline subject
to predlcnve model alternatlve spemﬁcatlons These prohibitions include:

O

Supplying gasoline that is 1dent1fied as meetmg a predlctlve model alternauve
specification, but does not meet the criteria for approval under the predictive model
procedures.

Supplying a gasoline that does not meet a flat limit identified in the predictive
model alternative specifications.

Supplying gasoline that is subject to an alternative specification averaging limit and
no designated alternative limit when the producer fails the requirements applicable
to averaging limits. '

Supplying gasoline subject to predictive model alternative specifications where the
producer was prohibited from electing such specifications by the restrictions
discussed immediately below.

Section 2265(c) identifies several restrictions regarding the election of predictive
model alternative specifications. These restrictions include: '

O

prohibitions against switching to a predictive model alternative specifications or to
a different predictive model alternative specifications if there is any outstandmg
requirement to provide offsets, and
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o prohibitions against using any previously generated designated alternative limit
- credits when switching to or between predictive model alternative specifications.

In addition to the above, conforming changes are needed to sections 2260, 2262.2,
2262.3, 2262.4, 2262.5, 2262.6, 2262.7, 2264, and 2270. The changes to section 2260
involve adding definitions related to use of the predictive model. The changes to section
2262.2 through 2262.7 reference the option of using the predictive model procedures. The
changes to section 2264 clarify that the election of the compliance option for predictive model
alternative specifications shall be made under section 2265 rather than section 2264. The
changes to section 2270 add references to the applicability of the testing and recordkeeping
provisions to predictive model alternative specifications.

- C. OTHER PROPOSED AMENDMENTS
1. Com[iliance.Dates for the Cap Limits

As adopted, the Phase 2 RFG regulations require producers and importers to comply

. with the flat or averaging limits at their production and import facilities starting -

March 1, 1996. Compliance with the cap limits is required throughout the distribution system
starting April 1, 1996. The March 1 and April 1 dates coincide with the annual compliance
dates for the RVP standards in southern California. We are proposing that the Board extend
the dates for complying with the cap limits, so that they apply starting: April 15,1996 to sales
or supplies of gasoline from all facilities other than bulk ‘plants, retail ‘outlets;, or bulk: -
purchaser-consumer facilities, and apply throughout the distribution system starting

June 1, 1996. The proposed amendments are contained in section 2261(a). -

- The annual one-month transition period for the RVP regulations was intended to
approximate the time needed to "turn" the gasoline distribution system from wintertime
gasoline to summertime gasoline. At the same time, selection of a one-month period reflected
a need to avoid a lengthy annual transition where either the full benefits of low-RVP gasoline
could be delayed in potentially high-ozone periods, or driveability problems could result from
- the use of low-RVP gasoline during colder wintertime conditions. i

In the case of the one-time transition to Phase 2 RFG, we believe a lofiger transition
period is appropriate. We expect that in the normal course, not all tanks would be fully
turned in one month. The spring of 1996 will be the first time that refiners have to produce
Phase 2 RFG and carriers have to distribute the cleaner gasoline. The recent implementation
of the reformulated diesel fuel regulations has shown that supply disruptions ¢an occur in
connection with the introduction of new fuel standards. Retailers and end-users concerned
that gasoline on hand does not meet all of the new cap limits could iricrease their purchases
during the latter part of the transition period, putting strains on the distribution. system. The
occasional need to remove non-complying gasoline from retail or end-user storage tanks could
divert important resources during the transition. There could be similar occurrences at bulk
plants, which are intermediate facilities supplied only by cargo tank trucks. Based on
discussions with carriers and refiners, we believe the allowance of approximately: 45 days for
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tanks at terminals to turnover, and an additional 45 days for full turnover at bulk plants and
. service stations, should be sufficient to provide a smooth implementation of the Phase 2 RFG
regulations. : :

- We are also proposing an amendment making the cap limits inapplicable to sales or
supplies of gasoline from a retail outlet or bulk purchaser-consumer facility where it is shown
by affirmative defense that the exceedance of a cap limit was caused by gasoline delivered
- prior to April 15, 1996 (or from a bulk plant prior to June 1). This amendment is intended to
~ provide relief for low-throughput facilities that may not receive sufficient deliveries of
Phase 2 RFG to turn their tanks by June 1. Such relief is intentionally limited, however, and
the retailer or other end-user would have the burden of demonstrating that a cap violation was
caused by gasoline delivered when suppliers were not required to mest the cap limits.

While we expect that the proposed amendments will help to smooth the transition to
Phase 2 RFG, we emphasize that the March 1, 1996 compliance date for gasoline shipped
~ from production and import facilities would not change. The March 1 upstream compliance.
date, coupled with the fact that in most cases the cap limits are less stringent than the limits :
applicable to gasoline leaving production and import facilities, should mean that by April 15
most gasoline in the distribution system should comply with the cap limits. Although
gasoline sold from a service station would not need to comply with the cap limits until
June 1, 1996, gasoline delivered to service stations will have to meet the cap limits starting
April 15, except for deliveries from bulk plants. We request comments on whether additional
transition provisions are necessary to assure compliance with these requirements. ‘

2.  Notification by Producers of the Volumes of Final Blends of Gasoline
Subject to Designated Alternative Limits

The Phase 2 RFG regulations contain notification requirements that apply when a
producer ships gasoline subject to a designated alternative limit (DAL) from the production
facility. The producer is required to notify the ARB’s Executive Officer of the shipment
before the producer starts to physically transfer the gasoline from the refinery, and in no case
less than 12 hours before the producer completes physical transfer or commingles the final
blend. The notification is to include the assigned DAL and the volume of the final blend
{section 2264(a)(2)(A)}. :

The regulations also-provide that where a batch of gasoline has an assigned DAL that
is less stringent than the averaging limit for the property, the actual volume of gasoline
shipped cannot be greater than the volume reported by the producer. Where a batch of
gasoline has an assigned DAL that is more stringent than the averaging limit, the actual
volume of gasoline shipped cannot be less than the volume reported by the producer
{section 2264(b)}. These requirements are necessary to assure that all batches of gasoline
exceeding an averaging standard are fully offset by batches cleaner than the averaging
standard. We anticipated that ARB compliance personnel inspecting refineries would verify
whether the actual velumes of reported final blends met these requirements. There was no
provision for revising the originally reported volumes because that would lessen the deterrent
effect of the ARB inspections. :
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However, refiners have pointed out that it will be extremely difficult to comply with
the volume restrictions on DAL final blend when there is no allowance for.corrections to
mltlally reported volumes. This is because a given batch may have a DAL for one property -
that is more stringent than the averaging limit, at the same time it has DAL for another
property that is less stringent than the averaging limit. Refiners do not expect to know the
precise volume of gasoline in the batch until they have completed the shipment.

Accordingly, we are proposing an amendment to section 2264(a)(2)(A) that will permit
a refiner reporting a batch of gasoline with an assigned DAL to initially report the estimated
volume. The refiner will be permitted to revise the originally reported volume, as long as the
revised volume is reported no later than 48 hours after completion of shipment of the-
gasoline. This amendment will assure that refiners can report accurate volumes. Maintaining
a requirement that the estimated volume be included in the original notification will be helpful
when ARB field inspectors visit reﬁnenes to monitor compliance with the averagmg
requirements. :

3. Election of and Switching Between Flat and Averaging Limits |

The Phase 2 RFG regulations allow an averaging compliance option for six
properties--sulfur, aromatic hydrocarbon, olefin, and benzene content, and T50 and T90. In
each case, the regulations require refiners wishing to use the averaging option to elect it on a-
calendar-year basis. The initial eléction for. 1996 must be madé by November 1, 1995, and -
subsequent annual elections are 10 be made by October 1 of the .previousz year. ‘This structure ;
was based on the fact that the applicable limits under the averaging option were more
stringent than the flat limits, and on the need for advance noti¢e to enable’ the ARB to plan its
enforcement efforts.

Refiners have commented that the advance election requirements substantially and
unnecessarily limit the usefulnzss of the averaging option. We have concluded that the
enforcement benefits of the eizction pr0v151ons do not justify the resulting reduction in .
flexibility. We are therefore proposing deletion of the annual election provisions. Wzth the:
two limitations described below, we propose that refiners be permitted to switch between the
flat limit and averaging compliance options on a batch-by-batch basis, as long as they provide
notice in the same manner as is required for assigning DALs. The primary rationale for -
notification requirements is the need to assure that ARB inspectors visiting a refinery will
know with certainty the limits applicable to the finished gasoline being supplied from the
refinery. At this time, we believe the requirement that notification be given before the:
producer starts to physically transfer the gasoline from the refinery, and in no case less than..
12 hours before the producer completes physmal transfer or commingles the gasolme, w111 be
sufficient for this purpose. ‘ .

Under the proposed amendments, switching between averaging and flat limits would
be subject to two restrictions. - First, a refiner would not be permitted to switch from &n
averaging limit to a flat limit for a given property if there are outstanding deficits for that
property that need to be offset. Second, once a refiner elects to switch from the averaging:
option to the flat limit for a property, the refiner will not be permitted to use any previously
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- accumulated credits to provide offsets after a subsequent switch back to the averaging option.

These requirements stem from the fact that the numerical limit under the averaging option is
more stringent than the flat limit. For example, the flat limit for benzene content is

1.00 volume percent, and the limit under the averaging option is 0.80 volume percent. A
refiner would have a natural incentive to always select the flat option for batches between

0.80 and 1.00 percent, and to select averaging only for those batches over 1.00 percent or
under 0.80 percent. If this were allowed, it would reduce the effectiveness of the regulations.
Accordingly, the proposed amendments limit the refiner’s ability to switch back to flat limits.
This restriction is essential to maintain the integrity of the spread between the flat and
averaging limits. In essence, the proposed amendments require that the refiner "close its
averaging books" before switching to the flat limits. '

4. Treatment of Imported Gasoline

Under the current Phase 2 RFG regulations, every time gasoline is imported into
California to be sold for use in motor vehicles, the importer is subject to requirements .
analogous to those applicable to-California refiners. These requirements apply when gasoline
is shipped from another state as well as from outside the United States. Gasoline importers

- must assure that the gasoline complies either with- the flat limits or the averaging limits if

elected. Whenever a DAL is assigned for a property, the importer must sample and analyze
the gasoline with respect to that property. This approach should be workable when gasoline
is imported in large batches, whether by marine tanker or barge, or by pipeline. However, the
requirements could be very burdensome when Phase 2 RFG is brought into the state in small
batches by cargo tank trucks. Accordingly, we are proposing amendments regarding imported -
gasoline to lessen the burdens where appropriate. '

Virtually all of the gasoline brought into border areas of California by cargo tank truck.
from out-of-state terminals and bulk plants was originally refined in California. This is

-~ expected to occur an even greater percentage of the time once California gasoline is required

to meet the Phase 2 RFG standards, because most out-of-state refineries will not have the
capability to produce significant quantities of fully complying gasoline. We are proposing
that where gasoline is produced in California, and the producer should reasonably know that
the gasoline will be offered for sale at an out-of-state terminal or bulk plant at which it is
identified as gasoline produced in California and suitable for sale as a motor vehicle fuel in
California, the gasoline will not be treated as imported gasoline. Instead, the California
refiner would be responsible for complying with the producer limits when the gasoline is
initially shipped from the California refinery.

We believe this approach will provide benefits to both the California refiners and to
distributors. When trucking in gasoline from an appropriately labeled Phase 2 RFG rack at an
out-of-state terminal, the distributor would not have to meet the importer requirements. The
only applicable standard at that time would be the cap limits. - At the same time, the
California refiner would be better equipped than the downstream distributor to comply with
the producer/importer limits, especially if the averaging compliance option is to be used.

Such a treatment cannot be applied to out-of-state refiners, because they are not subject to the
California refiner requirements. ) '
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Apart from this specific proposal, various parties have raiséd concerns that a
substantial price difference between California Phase 2 RFG and out-of-state conventional
gasoline could provide an incentive for unscrupulous operators to truck significant quantities -
of noncomplying gasoline into the state, particularly during the initial transition period. The
proposed amendments regarding imported gasoline that originates in California should not
result in limiting the oversight applied to imported gasoline, generally. Rather, the
amendments should help ARB enforcement personnel to focus on the instances where
violations involving imported gasoline are most likely. We request comment on whether -
additional safeguards such as reporting requirements are necessary to assure that cargo tank
truck imports of noncomplying gasoline are deterred.

s. Number of Signiﬁcant Digits for Aromatic Hydrocarbon Limit

The Phase 2 RFG regulations define the flat, averaging, and cap limits for aromatic
hydrocarbons at 25, 22, and 30 volume percent , respectively. We are proposing to redefine
the flat, averaging and cap limits for aromatic hydrocarbons to 25.0, 22.0, and 30.0 volume
percent, respectively. We are proposing this change to give the producers additional
flexibility in meeting an averaging limit using the California predictive model. By adding one
significant digit, as proposed, producers would be able to report batches to the tenth of a
volume percent. Producers have indicated that having the ability to report batches to the tenth
of a percent (i.e., 24.6 instead of 25), will significantly increase the usefulness of the ,
averaging compliance option. Currently, there ‘are test methods that can be used to verify..
aromatic hydrocarbon content to the tenth of a volume percent. :

6. Other Amendments

The amendments include minor changes to the section 2270 provisions on testing and
recordkeeping requirements. A provision on the presumed properties of gasoline claimed by
the producer, not to be gasoline for use in motor vehicles in California, was moved to assure:
that the provision was not limited to properties that would be subject to the averaging
compliance option. Modifications are ‘also proposed to clarify the requirements for coliecting

and analyzing representative samples of gasoline.
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V.

IMPACTS AND ALTERNATIVES

A EMISSIONS IMPACTS

" Use of the predictive model will allow producers to comply with the Phase 2 RFG

" requirements by producing gasoline to specifications slightly different from the specifications
set forth in the regulations. However, producers must demonstrate that the alternative Phase 2
- RFG specifications will result in equivalent or lower emissions compared to Phase 2 RFG

~ specifications. Further, the cap limits must be met for all gasoline formulations, even
alternative formulations allowed under the predictive model. Therefore, we do not anticipate
any increase in emissions due to use of the predictive model. Our analysis of the emissions
jmpact of the predictive model option is set forth in more detail in Chapter 1. C. 3 and
Chapter I11. D. |

" Emissions from refineries could decrease due to the use of the predictive model.
Gasoline formulations that do not comply with the Phase 2 RFG specifications for a particular
property could be found acceptable under the predictive model. To the extent this occurs,
emissions from reprocessing the non-complying fuel would be avoided.

We do not anticipate any significant increases in emissions due to the proposed

" amendments pertaining to implementation of the Phase 2 RFG regulations. Very small
increases in emissions may occur during March 1 to June 1, 1995, due to the proposal to
exterid the cap limit compliance date for terminals by 15 days (from April 1 to April 15), and
_to extend the cap limit compliance date for bulk plants and service stations by 61 days (from
April 1 to June 1). We believe that the emission increases due to the proposed changes will
be insignificant since all gasoline leaving refineries and imported into California will have to
meet the Phase 2 RFG limits beginning March 1, 1996.
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B. OTHER ENVIRONMENTAL IMPACTS

The October 1991 staff report prepared in connection with the adoption of the Phase 2
RFG regulations identified a number of potential environmental impacts apart from emissions
from the combustion and evaporation of gasoline. We do not expect that the amendments
now being proposed will adversely affect any such impacts, or result in any additional adverse
environmental impacts.

C. SOCIOECONOMIC IMPACTS
1. Costs to Businesses

Availability of the predictive model will not increase the compliance costs of
producers or gasoline retailers. Since use of the predictive model is optional, no entity would
be required to seek approval for an alternative Phase 2 RFG formulation under the ‘predictive
model. : '

The proposed predictive model is expected to lower producers’ and gasoline suppliers’
costs to comply with the Phase 2 RFG regulations. We assume that producers would seek -
approval for an alternative Phase 2 RFG formulation if it can be produced at a lower cost -
than meeting the Phase 2 RFG specifications. By providing an option for alternative Phase 2 -
RFG formulations, the predictive model should encourage the development of less costly.
gasoline and lessen the compliance costs and indirect costs of the Phase 2 RFG regulations. -

The proposed amendments pertaining to implementation of the Phase 2 RFG
regulations should reduce the cost to businesses by providing increased flexibility. Refiners
will be allowed to switch more frequently between flat limits and averaging limits. This
flexibility will allow refiners to maximize their production capabilities and better address
changing conditions. Consequently, the proposed amendments should help. to avoid disruption
in gasoline supply and thus avoid price increases due to real or perceived fuel shortages.

The proposed amendments masr aléb reduce the cost for terminals, bulk plants and
service stations by providing additional time to comply: The proposed amendments will
decrease the need to remove non-complying gasoline during the program start-up period. - . .

2. Costs for Compliance

Some investment will be required in order for refineries to develop alternative Phase 2
RFG formulations for the utilization of the predictive model. The cost is not anticipated to be.
any higher to comply with an alternative gasoline formulation than to comply with the
specifications set forth in the Phase 2 RFG regulations. Any investment would be voluntary,
and would only be pursued if the producer believed that the cost would be outweighed by the
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increase in flexibility and cost savings. If the cost of producing an alternative Phase 2 RFG
formulation based on the predictive model is not less than complying with the Phase 2 RFG
specifications, producers may not choose to use the model.

The proposed amendments to Phase 2 RFG regulations should reduce the cost of
compliance by providing increased flexibility in choosing the most cost-effective compliance
* option for a particular facility. The extent of any such reduction in the cost to produce '

" Phase 2 RFG will not be known until producers have had an opportunity to fully evaluate the ’
. benefits of using the predictive model for their facility.

3. Indirect Costs -

. Indirect costs may result from the requirements for recordkeeping and/or reporting
required by use of the predictive model. However, the costs are not expected to be any

higher than that incurred in compliance with the current Phase 2 RFG regulations and should

be outweighted by the increased flexibility afforded to producers using the predictive model.

4. . Costs to Government

The ARB will be the responsible agency for the monitoring and enforcement of the
Phase 2 RFG regulations and the use of the predictive model by gasoline producers and
importers. Adoption of the predictive model and the amendments to the Phase 2 RFG
regulations are not expected to significantly increase the cost of monitoring or enforcing the
Phase 2 RFG regulations. :

&8,  Costs to Consumers

The reduction in cost to consumers due to the adoption of the predictive model and the
amendments to the Phase 2 RFG regulations are difficult to predict. Adoption of the
predictive model should lower the cost to produce and increase the supply of Phase 2 RFG.
The predictive model will provide an opportunity for producers to make alternative Phase 2
RFG formulations at a lower cost than gasoline meeting the Phase 2 RFG specifications. The
predictive model allows the producer to develop formulations which best suit the
configuration of their refinery. This flexibility should then translate to increased production
of gasoline at a lower cost.

D. IMPACTS ON COMPETITIVENESS

1. Intrastate

Beginning March 1, 1996, all gasoline produced in California is subject to the Phase 2
RFG regulations. With the exception of small refiners, all producers must meet the same

limits for the eight regulated gasoline properties. Producers have the same opportunity to use
the predictive model. The procedures for approval of an alternative Phase 2 RFG
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formulation under the predictive model are the same for all producers. -The amendments to
the Phase 2 RFG regulations apply equally to all producers and distributors. Thus, we do not
anticipate that the proposed action will have any impact on intrastate competitiveness for-
producers or distributors, '

We also do not anticipate that there will be any significant impact on intrastate
competitiveness for the users of Phase 2 RFG. Any reductions in the cost of gasoline based
on increased availability of fuel or decreased production costs should be utniformly distributed -
to all gasoline users. To the extent that businesses use gasoline versus other fuels, and to'the
extent that the purchase of gasoline is a major part of expenses, there may be a small, but
unquantifiable benefit on the competitiveness of these businesses. T

2. Interstate

All gasoline imported for sale in California must meet the Phase. 2 REG regulations.
Any producer or importer may use the predictive model for approval of an alternative Phase 2 °
RFG formulation. Since the requirements are identical for all producers and importers, we do
not believe that the proposed regulatory action will provide any advaritages with respect to
interstate competitiveness. To the extent to which the proposed regulations result in the
production of gasoline at a lower cost, California businesses would experience a small but
unquantifiable beneficial impact on competitiveness. ‘We do not expect that the proposed -+ -
regulations will have any adverse impacts on interstate competitiveriess of California
businesses. T - : ' :

E. IMPACTS ON JOBS

No person is required by law or regulation to attempt to gain approval for an
" alternative Phase 2 RFG formulation. If a refiner elects not to use the California predictive

model, the status quo is maintained and there is no increase or decrease in jobs based on the -
proposed regulatory action. If a producer elects to use the California predictive model, they'
would presumely do so because they believe that an alternative Phase 2 RFG formiilation - -
would reduce the cost of producing Phase 2 RFG and may convince therti to stay in the
California market. -~ - ... .. e S

To the extent that using the California predictive model and the amendments to the

Phase 2 RFG provide cost savings to producers, this should provide a small but unquantifiable
_positive impact on jobs. ' SRR S :

F. ALTERNATIVES
Prior to selecﬁng’ the California predictive model, we evaluated several alternatives.

These alternatives are the United States Environmental Protection Agency (USEPA) complex

model, a modified USEPA approach that we refer to as a "Hybrid" model, and the California
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~ predictive model without random balance. - Appendix E describes the a.ltefnatives in greater
~ detail. Appendix E also discusses the methods we used to evaluate the models and the

reasons we rejected the various alternatives.

The USEPA used a different approach to develop its complex model. The approach'l

does not consider the interactions that result from the random errors occurring due to the

individual effects of the vehicles. The USEPA complex model also excluded certain terms
prior to conducting the statistical analysis (pre-exclusion of terms), included several
techniques designed to eliminate outlier data, and used a mathematical technique designed to
simplify the model. This later technique is referred to as a random balance. In addition, the

" USEPA complex model was developed for the emission control technologies used for the

1990 model year vehicles. Finally, it includes separate models for exhaust emissions from
normal-emitting and high-emitting vehicles and for evaporative emissions. '

The Hybrid model differs from the USEPA complex model in several areas. It uses a
different statistical approach than we used to develop the proposed California predictive '

“model. It also uses the California working database (which is somewhat larger than ‘the _
- USEPA database), applies to the same vehicle technology classes as the California predictive

model, and uses slightly different initial assump‘aons relative to pre-excluding various
staustlcal terms from the statistical analysis.

We also evaluated a version of the California predlcuve model that did not 1ncorporate
the random balance. After evaluating the random balance, we found that this was an _
appropriate and beneficial technique to simplify the model without sacrificing the explanatory
power of the model. Therefore, our final proposed California predictive model mcorporates
random balance.

We found that all of the models fit the data reasonably well. No procedure can
guarantee that it will include the "best" choice of variables; thus, there is no "best" model.

. However, we believe that our approach is the best technical approach because it considers

fixed effects due to changes in fuel properties and random effects due to vehicle and vehicle
by fuel interactions. In addition, we have included an evaluation of all possible second-order
terms in the model and have used the most extensive database available. Therefore, we
believe that the California predictive model is likely to yield relationships that are very close
to the most satisfactory relationships that can be achieved.
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PROPOSED REGULATION ORDER

Amend T1t1e 13 California Code of Regu]at1ons, sect1on 2260, to read as
follows:

‘Section 2260. Definitions

(a) For the purposes of this artic]e,rthe foi]owing definitions apply:
(1) "Alternative gasoline formulation” means a blend of gasoline
meeting all of the specifiéations identified in a certification issued by

the Executive Officer pursuant to the “California Test Procedures for

Evaluating Alternative Specifications for Gasoline", adopted September 18,
1992, which is incorporated herein by reference. '

{2) _Axgnn91ngﬂ;9mn11anng_nn11nnﬂ_mggns4_u11h_r§§n£§;_19_§_§n§£1£1§_

._ nﬂ§9J4ng_nrgnsrixL_thg_sgmnllansg“9nt19n_;gL_Ign;h_ln_sgstlgn_22§Z+ZLﬁl+f_-

tion 2262.3(c). section 2262.4(c) tion 2262.6(c) (£) i
2262.7(¢). | -
£23 (3) "ASTM" means the American Society_of Testing and Materials.
£33 (4) "Bulk purchaser-consumer" means a person that purchases or-
otherwise obtains gasoline in bulk and then dispenses it into the fue]
tanks or motor vehicles owned or operated by the person.

€4} (6) "California gasoline" means:
- [A) eGasoline sold, intended for sale, or made avaiiable for sale as
a motor vehicle fuel in Californiazi_and

{B) Gasoline that js produced in Californja. and that the producer
knows or reasonably should know will be offered. for sale or supply at an

]c : I l ) E ]-E a I -I I] E ] ! l. ]
fuel in Californi o

€6} (7) “Designated alternative 1imit" means an alternative gasoline
specification limit, expressed in the nearest part per million by weight

. for sulfur content, nearest hundreth hundredth percent by volume for



benzene content, nearest tenth percent by volume for aromatic hydrocarbon
content, nearest tenth percent for olefin content, and nearest degree
Fahrenheit for T90 and T50, which is assignéd by a producer or importer to
a final blend of California gasoline pursuant to section 2264,

£6) (8) “Ethanol" means ethyl alcohol which meets any additional
requirements for ethanol or ethyl alcohol in Health and Safety Code
section 43830. :

€%} (9) ‘"Executive Officer" means the executive cff1cer of the Air
Resources Board, or his or her designee. ' o ' =

¢83 (10)  "Final blend" means a distinct quantity of gasoIIne which is
introduced into commerce in California without further alteration which
would tend to affect a regulated gasoline specification of the fuel.

€9y (11) “Final distribution facility" means the stationary gasoline
transfer point from which gasoline is transferred into the cargo tank
truck, pipeline, or other delivery vessel from which the gasoline will be
delivered to the facility at which the gasoline will be dispensed into
motor vehicles; except that a cargo tank truck is the final distribution
fac111ty where the cargo tank truck is used to transport gasoline and
carries wr1tten documentation demonstrating that oxygenates, in quantities
that will bring the gasoline into compliance with section 2262.5(a) and
(c), will be or have been blended diréctly into the cargo tank truck prior
to delivery of the gasoline from the cargo tank truck to the fac111ty at
which the gasoline: w111 be d1spensed into motor vehicles. S

€10} {13) “Further process" means to perform any activity on gasb?ine, '
including distillation, treating with hydrogen, or btending, for the
purpose of bringing the gaseline into compliance with the standards in this
subarticle.

€11} (14) “Gasoline" means any fuel that is commonly or commerc1ally
known, sold or represented as gasoline.



€12} (16) "Import facility" means the facility at which imported
California gasoline is first received in California, including, in the case
of gasoline imported by cargo tank and delivered directly to a facility for

~ dispensing gasoline into motor vehicles, the carge tank in which the

gasoline is imported. _
€13} (17) "Importer" means any person who first accepts delivery in

"California of imported California gasoline.

£14) (18) “Motor vehicle" has the same meaning as defined in section .
415 of the Vehicle Code. :

£1B} (19) *“Oxygenate® is any oxygen-containing, ashless, organic
compound, such as an alcohol or ether, which, when added to gasoline
increases the amount of oxygen in gasoline. '

_(_2_0_)__ "E" ]I I. ]. t ] !. W ‘ [. ] I] l [




€16} (26) (A). "Produce" means, except as otherwise provided in :
section (a)(16)(B) or (a)(16)(C), to convert liquid compounds ‘which are-nef -
gasoline into gasoline. When a person blends volumes of blendstocks which :
are not gasoline with volumes of gasoline acquired from another person, and
the resulting blend is gasoline, the person conducting .such blending has -

produced en]y the portion of the blend which was not previously gasaline.

When a person blends gasoline with other volumes of gasoline, without the -
addition of blendstocks which are not gasoline, the person does not produce o

gasoline. :
(B} Where a person supplies gasoline to a refiner who agrees in -

writing to further process the gasoline at the refiner's refinery and to be e

treated as the producer of the gasoline, the refiner shall be deemed for
all purposes under this article to be the producer of the gasoI1ne.

{(C) Where a person blends oxygenates into gasoline which has already
been supp11ed from a gasoline production facility or 1mport facility, and”
does not alter the quality or quantity of the gaso]ine in any other way,
the person does not. produce gasoline. SRR 2

€173 (27) “Producer" means any person who owns,. leases, operates, '
controls or supervises a California production facility. ' S

€18) (28) “Production facility" means a facility in California at
which gasoline is produced. Upon request of a producer, the executive
officer may designate, as part of the producer's production facility, a
physically separate bulk storage facility which is owned and operated by-
the producer and which' is not used to store or d1str1bute gaso11ne that is-
not supplied from the production facility.,

€19} (29) "Qualifying volume" means, for each small refiner, the S

volume of gasoline equal to the’ average of the three highest annual
. production volumes of motor vehicle gasoline ‘reported for the small -

7
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refiner's Ca11forn1a refinery(ies) in the period 1987 through 1991
inclusive, to the California Energy Commission as required by the Petro]eum'
Industry Information Reporting Act of 1980 (Public Resources Code Sections
25350 et seq.), deducting the volume of oxygenates in the gasoline.

€203 {30) “Ref iner” means any person who owns, leases, operates,
controls or supervises a refinery. - . .

€213} (31) "Reflnery“ means & fac111ty that produces liquid fuels by
distilling petroleum.

{22} (32) “Small refiner™ means any refiner who owns or operates a
refinery in California that: : _

(A)‘ Has and at all times had since January 1, 1978, a crude oil
capacity of not more than 55,000 barrels per stream day;

(B) Has not been at any time since September 1, 1988, owned or
controlled by any refiner that at the same time owned or controlled

__ref1ner1es in Ca11forn1a with a tota] comb1ned crude 011 capac1ty of more _
than 55,000 barrels per stream day; and ,

{(C) Has not been at any time since September 1 1988, owned or
controtled by any refiner that at the same time owned or controlled _
'ref1ner1es in the United States with a total combzned crude oil capac1ty of
more than 137,500 barrels per stream day.

£23} 1331 "Stream day" means 24 consecutive hours of actual operation
of a refinery. _

24y (34) “Supply" means to provide or transfer a product to a
physically separate facility, vehicle, or transportation eystem.

NOTE: Authority cited: sections 39600, 39601, 43013, 43018, and 43101,
Health and S5afety Code; and Western 01 and Gas Ass'n, v

Pollution Control District, 14 Cal.3d 411, 121 Cal.Rptr. 249 {1975).
Reference: sections 39000, 39001, 39002, 39003, 39010, 39500, 39515,
39516, 41511, 40000, 43016, 43018; and 43101, Health and Safety Cnde; and
Western 0i] and Gas Ass'n. v. Qrange County Air Pollution Contro] District,
14 Cal.3d 411, 121 Cal.Rptr. 249 (1976).



Amehd Title 13, California Code of Regulations, section 2261 to read as
follows:

Section 2261. Applicability of Standards; Additional Standards

(a) (1) Unless otherwise specifically provided, the standards in
sections 2262.1(a), 2262.2(a), 2262.3(a), 2262.4(a), 2262.5(a) and (b),
2262.6(a) and 2262.7(a) shall apply teo GCalifernia gaseline seld or supplied
er oF after April 1y 1996y and apply: (A) starting April 15. 1996 to all
§ﬂ]§§ SHQQ]]._QS' fogcs or mnmgmgnzs Qf !;iljfﬂtﬂiﬂ ga;gljng gx_g'gn‘_t .IQ'[
transactions directly involving [i] the fueling of motor vehicles at a

facility, the The remqining standards and_requirements contained in this
subarticle shall apply to all sales. supplies. or offers of California

gaso]ing setd or supplied occurring on or after March 1, 1996.

(b) California'gaso1ine sold or supplied on or after March 1, 1996, is
also subject to section 2253.4 (Lead/Phosphorus in Gaso]1ne), section 2254
(Manganese Additive Content), and section 2267 (Required Additives in
Gaso]1ne) California gasoline that is supplied from a small refiner's
‘California refinery prior to March 1, 1998, and that qualifies for
treatment under section 2272(a), shall also be subject to section 2250



(Degree of Unsaturatuon of Gasoline) and section 2252 - (Sulfur Content of
Gasoline). '

(¢) The standards contained in this subarticle shall not apply to a
sale, offer for sale, or supply of California gasoline to a refiner if: (1)

~ the refiner further processes the gasoline at the refiner's refinery prior -~

to any-eubseQuent sale, offer for sale, or supply of the gasoline, and (2)
in the case of standafds'apb1i¢ab1e only to producers or importers, the
refiner to. whom the gaso]ihe is sold or supplied is the producer of the
gasoline pursuant to section 2260(a)(16)(B).

(d) The prohibitions in sections 2262.2(b) and (c), 2262.3(b) and (c).

- 2262.4(b) and (c¢), 2262.5{c), 2262.6(b), (c), (e) and {f), and 2262.7(b)

and (c¢) shall not apply to gasoline which a producer or importer
demonstrates was neither‘prbduced nor imported by the producer or importer.

~ NOTE: Authority cited: sections 39600 39601, 43013, 43018, and 43101,
._Health and Safety Code,_and He§1enn_911_§nd_ﬁn§_A§§_n; V.

14 Cal.3d 411, 121 Cal.Rptr. 249 {1975).

Pollution Control District,
. Reference: sections 39000, 39001, 39002, 39003, 33010, 39500, 39515,
‘39516, 41511 43000, 43016, 43018, and 43101, _Hea1th aqd Safety Code; and

Hea&e:n_ﬂll_ﬁnd_ﬁas_Aea_n& V.
14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).

Title 13, California Code of Regulations, section 2262.1 reads as fo]1ows :

‘{no amendments are being proposed):

Section 2262.1. Standards for Reid Yapor Pressure

(a) Basic Regulatory Standard.

(1) No person shall sell, offer for sale, supply, offer for supply, or
transport California gasoline which has a Reid vapor pressure exceeding
7.00 pounds per square inch within each of the air basins during the
regulatory period set forth in section (a)(2).

(2) Basic Regulatory Control Periods.

(A) April 1 through October 31:

South Coast Air Basin and Ventura County
San Diego Air Basin '
Southeast Desert Air Basin



(B) May 1 through September 30:

) Great Basin Valley Air Basin -

(C) May 1 through October 31:

San Francisco Bay Area Air Basin
San Joaquin Valley Air Basin
Sacramento Valley Air Basin
Mountain Counties Air Basin
Lake Tahoe Air Basin L
(D) June 1 through September 30.

North Coast Air Basin: '
Lake County Air Basin =
‘Northeast Plateau Air Basin

(E) June 1 through October 31:

North Central Coast Air Basin
South Central Coast Air Basin (Exclud1ng Ventura County)

(b) Additional Regulatory Standards for Gasoline Sold, Suppl1ed or
Transferred from a Production or Import Fac111ty. .

(1) California gasoline sold, offered for sate, supptied or Offered
for supply by a producer or importer from its production facility or import
facility in an air basin during the'regulatory period specified in section
(b)(2) shall have a Reid vapor pressure not exceeding 7 00 pounds per
square inch. Ca11forn1a gasoline transported d1rect1y from a production
facility or import facility in an air basin during the regu]atory period

set forth in section (b)(2) shal] have a Re1d vapor pressure not exceed1ng,ed"

7.00 pounds per square inch.

(2) Additional Regulatory Control Periods.

(A)' March 1 through March 31:
South Coast Air Basin and Ventura County
San Diego Air Basin
Southeast Desert Air Basin

(B) April 1 through April 30:
San Francisco Bay Area Air Basin
San Joaquin Valley Air Basin
Sacramento Valley Air Basin



- - e —

Great Basin Valley Air Basin
Mountain Counties Air Basin
Lake Tahoe Air Basin
(C) May 1 through May 31:
' North Central Coast Air Basin
- South Central Coast Air Basin (Exc]ud1ng Ventura County)
North Coast Air Basin
Lake County Air Basin
Northeast Plateau Air Basin
(c) Applicability ‘
(1) Section {a) shall -not apply to a transaction occurring in an air
basin .during the basic regulatory control period where the person sélling,
supplying, or offering the gasoline demonstrates as an affirmative defense'_

‘that, prior to the transaction, he or she has taken reasonably prudent

precautions to assure that the gasocline will be delivered to a retail
service station or buik pufchaser-conéumer's fueling faciiity'when the -
station or facility is not subject to a basip régulatory control period.
(2) _Section'(b) shall not apply to a transaction occurring in an air
basin during the additional regulatory control period for producers and

- importers where the person selling, supplying, offering or transporting the .

gasoline demonstrates as an affirmative defense that, prior to the
transaction, he or she has taken reasonably prudent precautions to assure
that the gasoline will be delivered to a retail service station or bulk
purchaser-consumer's fueling facility located in an air basin not then
subject to the basic regulatory control period or the additional control
period for producers and importers.

(3) section (a)(1) shall not apply to a transaction occurring in an
air basin during the basic regulatory control peridd where the transaction
involves the transfer of gasoline from a stationary storage tank to a motor
vehicle fuel tank and the person selling, supplying, or offering the
gasoline demonstrates as an affirmative defense that the last delivery of
gasoline to the stationary storage tank occurred more than fourteen days
before the start of the basic regulatory control period.



NOTE: Authority cited: sections 39600, 39601, 43013, 43018, -and 43101,
Health and Safety Code° and Hg§Lgnn_ﬂlj_§nd_§§§_5§§_nL V.
i ict, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).
Reference: sections 39000, 33001, 39002, 39003, 39010, 39500, 35515
39516, 41511 43000, 43016 43018, and 43101 Health and Safety. Code; | and
V. N
14 Cal.3d 411, 121 Cal.Rptr. 249 (1978). C o

| Amend Title 13, California Code of Regulations, section 2262.2 to. read as
follows: =

Section 2262.2. Stahdards for Sulfur Content

(a)  Maximum sulfur-standafd:for_all California gasoline. No person
shall sell, offer for sale, supply, offer for supply, or transport -
California gasoline which has a sulfur content exceeding 80 parts per
million by weight. ‘ ~ _

(b) Additional flat sulfur standard for producers and importers. No
producer or importer shall sell, offer for sale, supply, or offer for
supply from its production facility or import facility California gasoline .
which has a sulfur content exceeding 40 parts per million by ‘weight, uniess’
the transaction occurs during a period for wh1ch the producer or importer..
has elected to be subject to section (c), or unless the gasoline has been
reported as a PM alternative gasoline formulation pursuant to section
2265(a) or as an alternative gasoline formulation pursuant to section
2266(c). : : : : - ; '
(c) “Besignated a{tqpnativa:4in$t%;eptisn - : ,
option for producers and importers. No producer or.importer shall, during
a period for which the producer or importer has elected to be. subject to -
this section (c), sell, offer for -sale, supply, or offer for supply from:
its production facility or import facility California gasoline which:has a =
sulfur content exceeding 30 parts per m1111on by we1ght, unless the
gasoline has been reported as 3t i

pursuant to section 2265(a) or as an alternative gasoline formulation

pursuant to section 2266(c), or unless:

-10-
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(1) A designated alternative limit for sulfur content has been
established for the gasoline in accordance with the requirements of section
2264(a), and | - | |

(2) The sulfur content of the gasoline does not exceed the designated

- alternative limit, and

(3) Where the designated a]ternat1ve 1imit exceeds 30 parts per

_'m1111on, the excess sulfur content is fully offset in accordance with

section 2264(c). _

{d} Elestion of sulfur eontent stardard by preducers and imperters:
Bn eF befere November 1y 1996; each preducer oF importer shall nati#y the
exeeut*ve officer of the party's electien te be subjeet te sectien £b} oF
to seetion {e}- AW e4eet4aas shall apply for a minimum of ere calendar

- year and shall be effective in calendar year inerements until changed by

the preducer oF émpepteFf A pFBdHEEF or importer may ehange oF make an -
e4eetaen #ep any ealendar year after 1996 enly by retifying the exeeutive
officer ne JateF than QetebeF 1 ef the pFeeed4ng calendar yeap-

- NOTE: Author1ty cited: sect1ons 39600, 39601, 43013, 43018, and 43101

Health and Safety Code; and Hgg;gnn_ﬂ;j_gnd_ﬁgi_Aai_n* v.
Pollution Control District, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1875).

- Reference: sections 39000, 39001, 39002, 39003, 39010, 39500, 38515,

39516, 41511, 43000, 43016, 43018, and 43101, Health and Safety Code; and
Hﬁitﬂtﬂ_ﬂll_ﬂﬂd_ﬁﬂi_ﬂéi_ﬂi V. Q:an9e#&9un1x_A1:_Bg11u119n_£9n1£g1_D1§1:151
14 Cal.3d 411, 121 Cal.Rptr. 248 (1975).

Amend Title 13, California Code of Regulations, section 2262.3 to read as
follows:

Section 2262.3. Standards for Benzene Content

(a) Maximum benzene standard for all California gasoline. No person-
shall sell, offer for sale, supply, offer for supply, or transport
California gasoline which has a benzene content exceeding 1.20 percent by
volume.

(b) Additional flat benzene standard for producers and importers. No
producer or importer shail sell, offer for sale, supply, or offer for
supply from its production facility or import facility California gasoline

-11-



which has a benzene content exceeding 1.00 percent by volume, unless the
transaction occurs during a period for which the producer -or importer has
elected to be subject to section (c), or unless the gasoline has been
reported as a PM alternative gasoline formulation pursuant to section
22§5L11_QL_3§ an a]ternatlve gasoline formulation pursuant to section
2266(c).

(c) Designated alternative 1imitt. eptien Bgnzgng_gyg;gglng_

compliance option for producers and importers. No producer or importer
shall, during a period for which the producer or importer has elected to be

subject to this section (c), sell, offer for sale, supply, or offer for
" supply from its production facility or import. facility California gasoline
which has a benzene content exceeding 0.80 percent by volume, unless the

gasoline has. been reported as a PM alternative gascline formulation
pursuant to sectic~ 2265(a) or as an alternative. gasol1ne formulation

pursuant to section 2266{c), or unless:

(1) A designated alternative 1imit for benzene content has been
established for the gasoline in accordance with the requ1rements of sect1an
2264(a), and

(2) The benzene content of the gasoline does not exceed the designated
alternative limit, and

(3) Where the designated a1ternat1ve Timit exceeds 0.80 percent by
volume, the excess benzene content is fully offset in accordance with
section 2264(d).

£dy Eieetion of benzene eanteat standard by pFedueer and 4HPQFteFEr
R oF befere Nevember 1y 19965 each preducer er importer shall Rotify the
executive officer of the party's election to be subjeet to sectien {b) oF
to seetion {e}= A}l electiens shall apply for a miRimum ef one ealendar
year and shall be effective in calendar year inerements until changed by
the preducer oF imperters A pPedueeF of 4§paptep may ehange or make an
election for any eaiendar year after 1996 orly by nat*#ying the ‘exeedtive
effieer no Jater than October 1 of the pFeeed4ng ealendar year~

NOTE: Authority cited: sectiens 39600, 39601, 43013, 43018, and 43101
Health and Safety Code- and H.e_s_t_e_nn_o_u_an_d_ﬁ_a;_as_s_n_,_ V. Aj
i ' ict, 14 Cal.3d 411, 121 cal.Rptr. 249 (1975)

Reference: sections 39000, 39001 39002, 39003, 39010, 39500, 395615,

-12-



39516, 41511,‘43000, 43016, 43018; and‘43101, Health and Safety Code; and
Western 0§) and Gas Ass'n. v. Qrange County Air Pollution Control District,
14 Cal.3d 411, 121 Cal.Rptr. 249 {1975).

Amend Title 13, California Code of Regulations, section 2262.4 to read as

- follows:

Section 2262.4. Standards for Olefin Content
(a) Max1mum olefin standard for all California gasoline. No person
sha]] se11, offer for sale, supply, offer for supply, or transport

| California gasoline which has an olefin content_exceed1ng 10.0 percent by

volume.

(b) Add1t1onal flat olefin standard for producers and importers. No
producer or importer shall sell, offer for sale, supply, or offer for
supply. from its production facility or import facility California gaso]rne
which has an olefin content exceeding 6.0 percent by volume, unless the
transaction occurs during a period for which the producer or importer has
elected to be subjectrto'section'(c), or unless the gasoline has been
reported as a PM alternative gasoline formulation pursuant to section
2265(a) or as an alternative gasoline formulation pursuant to section
2266(c).

(c) *“Pesignated alternative limit® eptiien n1gfin_gxg:ggjng_;gmnljangg_
option for producers and importers. No producer or importer shall, during
a2 period for which the_producer or importer has elected to be subject to
this section (c), sell, offer for sale, supply, or offer for supply from
its production facility or import facility Califernia gasoline which has an
olefin content exceeding 4.0 percent by volume, unless the gascline has

been reported as ﬂiummﬂmMme_mmmﬂnmL

2265{a) or as an alternative gasoline formulation pursuant to section
2266(c), or unless:

(1) A designated a]ternatlve 1imit for olefin content has been
established for the gasoline. in accordance with the requirements of sect1on
2264(a), and
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(2) The olefin content of the gasol1ne does not exceed the designated
alternative limit, and ' »

(3) Where the designated alternative 1imit exceeds 4.0 percent by
volume, the excess olefin content is'fuliy offset in accordance with
section 2264(e). , : _

{d} Elesction of sulfur eontent standapd by proeducers and imperters«
On or befere Nevember 1y 1996y each producer er imperter shal} rRetify the
executive efficer of the party's elestion te be subject te section £b} op
te sectien {e}- AI} elections shall apply for a mirimum of eme eatendar
year and shaJJ‘be effective in calendar year increments wntil changed by
the preducer oF imperterr A preduscer oF imperier may change oF make an -
eleetion for any calerdar year after 1996 enly by rRetifying the executive
officer ne later thar Dcteber 1 of the preceding calendar year- '

NOTE: Authority cited: sections 39600, 39601, 43013 43018, and 43101,
Health _and Safety Code, ~and Hgatg:n_ﬂll_gnd_ﬁgg_Agg_n‘ V. i
» 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).
Reference: sections 39000, 39001, 39002, 39003, 39010, 39500, 39515,
39516, 41511 43000, 43016 ‘43018, and 43101 Hea]th and Safety Code, and
vDLdnﬂe_Cn.un.ty_Alr_EoJJymﬂ_Qmm_mmﬂ.-
14 Cal.3d 411, 121 cal. Rptr 249 (1975).

Amend Title 13, California Code of Regu]ations. sect1on 2262 5 to read as
follows:

Section 2262.5. Standards for Oxygen Content )

(a) Minimum wintertlme oxygen content standard for a]l Caltfornla o
gasoline. (1) Within each of the air basins during the regulatory control )
period set forth in section (2)(2), no person shall se11 offer for sale,
supply, offer for supply, or transport California gasoline unless it has an
oxygen content of not less than 1.8 percent by weight. |

(2) Regulatory Control Periods.

(A) October 1 through Februéfy 29

~ South Coast Air Basin and Ventura County
(B) October 1 through January 31
Sacramento Valley Air Basin

-14-



San Joaquin Valley Air Basin

San Francisco Bay Area Air Basin

Lake Tahoe Air Basin

Great Basin Valley Air Basin
-Mountain Countie$s Air Basin

North Coast Air Basin

Lake County Air Basin

Northeast Plateau Air Basin

North Central Coast Air Basin

(C)  November 1 through February 29

San Diego Air Basin

South Central Coast Air Basin (Excluding Ventura County)
Southeast Desert Air Basin _ _

(b) Maximum oxygen content standard for all California gasoline. No
person shall sell, offer for sa1e,_supp1y, or transport Ca1ifornié.gasoline'
which_haé an oxygen content'excéeding 2.7 percent by weight.

(c) Additional oxygen content standards for producers and importers.
Ne producer or importer shall sell, offer for sale, supply, or offer for
supply from its production or import facility California gasoline which has -
an oxygen content less-than 1.8 percent by weight or more than 2.2 percent.'
by weight, unless the gasoline has been reported as as 2 PM alternatijve

gasoline formulation pyrsuant to section 2265(a) or as an alternative

gasoline formulation pursuant to section 2266(c). and complies with the
standards contained in sections (a) and (b).

(d) Restrictions on adding oxygenates to gasoline produced or imported
by others. No person may add oxygenates to California gasoline produced or

~imported by another person where the resulting oxygenated gasoline blend

has an oxygen content exceeding 2.2 percent by weight, except where the
person adding the oxygenates demonstrates that: (i) the gasoline to which
the oxygenates are added has been reported pursuant to section 2266{c) as
an alternative gasoline formulation and has not been commingled with other
gasoline, and (ii) the person adding the oxygenates is doing so at the
express request of the producer or importer of the gasoline, and (iii) the

_resulting oxygenated gasoline blend has an oxygen content not more than the

-15-



maximum oxygen content specification in the certification for the reported
alternative gasoline formulation. '

(e} Application of prohibitions. _ S

(1) Sections (a) and (c) shall not apply to transactions involving
gasoline not meeting the minimum oxygen content standard where the ‘person
selling, supplying, or offering the gasoline demonstrates by affirmative
defense that: [i] the gasoline has not yet been supplied from the final
distribution facility, and [ii] the documents accompanying such gasoline
clearly state that it does not comply with the minimum oxygen ¢ontent
standard in sections (a) and (c), and either [iii] the person has taken
reasonably prudent precautions to assure that he or she will bring the
gasoline within the 'standards .in sections (d) and (c) before it is- s&p511ed
from the final distribution facitity, or [iv] at or before the time of -the
transaction the person has obtained a written statement from the purchaser;'
.recipient, or offeree of the gasoline stating that he or she will take" '
reasonably prudent precautions to assure that the gasoline is brought

within the standards of section (a) and (c) before 1t is suppl1ed from the - _

final distribution facility.

(2) Section (a) shall not apply to a transaction occurring in an'aiflp?"'ﬁ

basin during the regulatory control period where the-person selling,

supplying, or-offering the gasoline demonstrates as an affirmative defense A

that, prior to the transaction, he or she has taken reasonably prudent
precautions to;assure that,the: gasoline will be delivered to & 'retail’’
service station or bulk purchaser-consumer's fueling facility when the
station or facil1ty is -not subJect ‘to a regulatory control per1od

NOTE: Author1ty c1ted sect1ons 39500 39601 43013 43018, and 43101,
Health _and Safety Code, and He;tg:n_nll_gnd_ﬁg§HA§§_n; V. i
.14 Cal.3d 411, 121 Cal.Rptr. 249 (1975)."
Reference: sections 39000 39001, 39002, 39003, 39010, 39500, 39515,
39516, 41511 43000 43016 43018 and 43101 Health and Safety Code, and

14 Cal.3d 411 121 Cal Rptr 249 (1975)
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Amend Title 13, Ca11forn1a Code of Regu]at1ons, section 2262. 6 to read as
follows:

*Section'ZZSZ.G. Standards for Distitlation Temperatures
(a) Maximum distillation temperature standards for all California

- gasoline. No person shall sell, offer for sale, supply, offer for supply,

or transport California gasoline which has a T90 (90 percent distillation
temperature) exceeding 330 degrees Fahrenheit, or which has a T60 (50
pereent distillation temperature) exceeding 220 degrees Fahrenheit.

(b} Additional flat T90 distillation temperature standards for
producers and importers. No producer or importer shall sell, offer for
sale, supply, or offer for supply from .its production facility or import
facility California gasoline which has a T90 (90 percent distillation
temperature) exceeding 300 degrees Fahrenheit, unless the transaction

-occurs during a period for which the producer or 1mporter has elected to bex -
~ subject to section (c), or unless the gasoline has been reported as a PM

lternat; line formulati  to section 2265(a) an

a?ternative-gaso]ine formulation pursuant to section 2266(c).
(c) T90 =Designated altermative limit® eptien averaging compliance

' gntjgn for producers and importers. No producer or importer shall, during

a period for which the producer or importer has elected to be subject to
this section (c¢), sell, offer for sale, supply, or offer for supply from
its production facility or import facility California gasoline which has a
-T90 exceeding 290 degrees Fahrenheit, unless the gasoline has been reported
as 2 PM alterpative gasoline formulation pursuant to section 2265(a) or as
an alternative gasoline formulation pursuant to section 2266(c), or unless:

(1) A designated alternative Timit for T90, not exceeding 310 degrees
Fahrenheit, has been established for the gasoline in accordance with the
requirements of section 2264(a), and |

(2) The T90 of the gasol1ne does not exceed the designated a!ternatlve
timit, and

(3) Where the designated alternative limit exceeds 290 degrees

Fahrenheit, the exceedance is fully offset in accordance with section
2264(T).
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¢d) Election of 790 distillatien temperature standard by producers and
imperters- OR or before November 1y 1996, each preducer eor imperter shall
Retify the executive officer of the party's election to be subject to
section (b} er te sestion (é}f Al} elections shall apply fer a mimnimum eof
ene ealendar year and shall be effective in calendar year increments uwntil
changed by the preducer oF imperterr A preducer oF 4mpeFtéF may €hange oF
make ‘an election for any calendar year afier 1996 only by nRetifying the
exeeutive officer Ro Jater than Detober I of the preeeding ealendar year-

fe} (d} Additional flat T50 distillation temperature standard for
producers and importers. No producer or importer shall sell, offer for
sale, supply, or offer for.supply-from its production facility or import
facility Ca]ifornia gasoline which has a T50 (50 percent distillation
temperature) exceeding 210 degrees Fahrenheit, unless the transact1on
occurs during a period for which the producer or importer has elected to be
subject to section (f), or unless the gasoline has been reported as g PM
alternative gasoline formulation pursuant to section 2265(a) or as an
alternative gasoline formulation pursuant to section 2266(c).

£¥) (e) 750 “Desigrated alternative limit® eptien averaging
‘compliance option for producers and importers. No producer or importer
shall, during a period for which the producer.or importer has elected to be
subject to this section (f), sell, offer for sale, supply, or offer for
supply from its prbdﬂction facility or import facility California- gasoline
which has a T50 exceeding 200 degrees Fahrenheit, unless the gasoline has -
been reported as 4 PM alternative gasoline formulation pursuant to section’
2265(a) or as an alternative gasoline formulation pursuant to sectlon o
2266(c), or unless:

(1) A designated alternative 1imit for T50 has been established for -
the gasoline in accordance with the requirements of section 2264(a), and

(2) The T50 of the gasoline does not exceed the des1gnated alternat1ve :

1imit, and ‘)
(3) Where the designated alternative limit exceeds 200 degrees

Fahrenheit, the exceedance is ful]y offset in accordance with section:
2264(9g).
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{g)} Elestion of ¥50 distillatien temperature standard by preducers and
jmperters~ On oF before Nevember 1; 19965 each preducer o imperter shall
retify the exeeutive officer of the party*s election to be subjest te
section {e} or to seetion {F)}- Al é4eetiens,sha¥4 apply fer a mirimum of
ene calendar year and shall be effective in calendar year ineremenrts until
ehanged by the preducer oF impeFteF- A preducer oF impeFter may eharge oF
make an election foF any ealendar year after 1896 only by Rotifying the
~ exeedtive officer ne later thar Octeber 1 of the pFeeeding cealendar year-

NOTE: Authority cited: sections 39600 39601, 43013, 43018, and 43101,
Health and Safety Code; and Hg§1g:n_nll_§nd_§3§_5a§_nL v. i
Pollution Control District, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).
. Reference: sections 39000, 39001, 39002, 39003, 39010, 39500, 39515,
- 39516, 41511, 43000, 43016..43018, and 43101, Hea]th and Safety'Code; and
Western Qi1 and Gas Ass'n. v. Qrange County Air Pollution Control Pistrict,
14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).

Amend T1t1e 13, Ca11forn1a Code of Regu]at:ons, sect1on 2262.7 to read as
“follows: - o

Section 2262.7. Standards for Aromatic Hydrocarbon Content

(a) Maximum aromatic hydrocarbon standard for all California gasoline.
No person shall sell, offer for sale, supply, offer for supply, or
transport California gasoline which has a aromatic hydrocarbon content
exceedingn3bin percent by volume.

(b) Additional flat aromatic hydrocarbon standard for producers and
importers. No producer or importer shall sell, offer for sale, supply, or
of fer for supply from its production facility or import facility California
gasol1ne which has a aromatic hydrocarbon content exceeding 25.0 percent by
volume, unless the transaction occurs during a period for which the
producer or importer has elected to be subject to section (c), or unless

the gasoline has been reported as a_PM _alternative gasoline formulation
pursuant to sectijop 2265(a) or as an alternative gasol1ne formulation

pursuant to section 2266(c).
{c) =Designated altermative }imit:= eptien Aromatic hydrocarbon
averaging compliance option for producers and 1mporters. No producer or
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importer shall, during a period for which the producer or importer has
elected to be subject to this section (c), sell, offer for sale, supply, or

offer for supply from its production facility or import facility California

gasoline which has a aromatic hydrocarbon content exceeding 22,0 percent by
volume, uniess the gasoline has been reported as 2 PM alternatijve gasoline -
Tormulation pursyant to section 2265(a) or as an alternative gasoline

formuilation pursuant to section 2266(c), or unless:

(1) A designated alternative 1imit for aromatic hydrocarbon content.
has been established for the gasoline in accordance with the requlrements
of section 2264(a), and

(2) The aromatic hydrocarbon content of the gasoline does not exceed
the designated alternative 1imit, and -

(3) Where the designated alternative limit exceeds ZZLQ percent by
voiume, the excess aromatic hydrocarbon content is fully offset in
accordance with section 2264(h).

{d} Electien of aromatic hydrecarbon eentent standard by Producers and

importers~ OR oF before Nevember 1y 1996y each preducer er 4mpeptep shall .- -

Retify the exeeutive efficer of the party's elestion te be subjeet te
section {b) or te section {e}+ AI} elestions shall apply fer a minimum of .
ene ealendar year ard shall be effective iR calendar year $Rerements urtid
shanged by the preducer eF +EBGF¥BF7 A preducer or imperter may change or
make an eteetion for any calendar year after 1996 only by notifying the _
exeeutave efficer ne later than Dctober 1 of the preceding ea4endaP year:

NOTE: Author1ty cited: sect1ons 39500 39601 43013 43018, and 43101
Health _and Safety Code, _and v. Or
s 14 Cal.3d 411, 121 Cal. Rptr. 249 (1975).
 Reference: sections 39000, 139001, 39002, '39003, 39010, 39500, 39515,
3951s, 41511 43000, 43016 43018, and 43101, Health and Safety Code, and
Y. 9
14 Cat.3d 411, 121 Cal. Rptr. 249 (1975). ' - I

No .amendments are proposed to Title 13, Ca11forn1a Code of Regulations, '
section 2263 (Sampling Procedures and Test Methods).
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" Amend Title 13, California Code of Regulations, section 2264 to read as

follows:

Section 2264. Designated Alternative Limits
' (a) Assignment of a designated alternative limit, _

(1) A producer or importer that has elected to be subject to sections.
2262.2(c), 2262.3(c), 2262.4(c), 2262.6(c), 2262.6(f), or 2262.7(c) may
assign a designated alternative limit to a final blend of California
gasoline produced or imported by the producer or importer by satisfying the
notification requirements in this section (a). In no case shall a
designated alternative limit be less than the sulfur, benzene, olefin or
aromatic hydrocarbon content, or T90 or T50, of the final blend shown by
the sample and test conducted pufsuant to section 2270. If a producer or
importer intends to assign‘designated-a]ternative Timits fbr more than one.

. gasoline specification to a given quantity of gasecline, the party'éhail

identify the same final blend for all designated alternative limits for the
gasoline. . . _ -
(2) (A)_ The producer or importer shall notify the executive officer

of the estimated volume (in gallons), the designated alternative limit, the

blend identity, and the location of each final blend receiving a designated
aiternative limit. This notification shall be received by the executive
officer before the start of physical transfer of the gasoline from the
production or import facility, and in no case less than 12 hours before the
producer or importer either completes physical transfer or commingles the

- final blend. A producer or importer may revise the reported estimated

(B) For each final blend receiving a designated alternative limit
exceeding 0.80 percent by volume benzene content, 30 parts per million by
weight sulfur content, 4.0 percent by volume olefin content, 22.0 percent
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by Go]ume aromatic hydrocarbon. content, T90 of 290 degrees Fahrenheit, or
T50 of 200 degrees Fahrenheit, the producer or importer shall notify the
executive officer of the date and time of the start of physical transfer
from the production or import facility, within 24 hours after the start of :
such physical transfer. For each final blend receiving a designated
alternative 1imit less than 0.80 percent by volume benzene content, 30
parts per million by weight sulfur content, 4.0 percent by volume olefin’
content, 22,0 percent by volume aromatic hydrocarbon content, T90 of 290
degrees Fahrenheit, or T50 of 200 degrees Fahrenheit, the producer or
importer shall notify the executive officer of the date and time of the
completion of physical transfer from the production or import facility,
within 24 hours after the completion of such physical transfer.
(3). If, through no intentional.or negligent conduct, a producer or

importer cannot report within the time period. specified in (2) above, the

producer or Importer may notify:the executive officer of the requ1red data
 as soon as reasonably possible and may provide a written explanation of the
cause of the delay in reporting. If, based on the written explanat1on and -
the surrounding circumstances, the executive officer determines that the

conditions of this section (a)(3) have been met, tlmely notification sha11"' '

be deemed to have occurred.

(4) The executive officer may enter into a written protoco] with any
individual producer or importer for the purposes of specifying how the
requirements in section (a)(2) shall be applied to the producer's or
importer's particular operations, as long as the executive officer “
reasonably determines that application of the regulatory requirements under’
the protocol is not Tess stringent or enforceable than application of the
- express terms of section (a)(2). Any such protocol shall inciude the -
producer's or importer's agreement to be bound by the terms of the
protocol. '

(5) Whenever the final blend of a producer or importer includes
volumes of gasoline the party has produced or imported and volumes the
party has neither produced nor imported, the producer's or- Importer s
designated alternative 1imit shall be assigned and applied only to the
volume of gasoline the party has produced or- 1mported. In such a case, the
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pfoducer or imborter Sha!l report to the executive officer in accordance
with section (a) both the volume of gasoline produced and imported by the
party, and the total volume of the final blend. The party shall also
additionally report the sulfur content, benzene content, olefin content,

' aromatic hydrocarbon content, 790, and 750, as applicable, of the pohtion

of the final blend neither produced nor 1mported by the party, determzned
as set forth in section 2270(b).

(b) Additional proh1b1tions regarding gasoline to which a designated
alternative limit has been ass1gned. '

(1) No producer or importer shall sell, offer for sale, or supply

'Ca11forn1a gasol1ne in a final blend to which the producer or importer has

assigned a designated alternative limit exceeding 0.80 percent by volume
benzene content, 30 parts per million by weight sulfur‘content 4.0 percent
by volume olefin content, 22,0 percent by volume aromatic hydrocarbon
content, T90 of 290 degrees Fahrenheit, or T50 of 200 degrees Fahrenhe1t
where the total volume of the final blend sold, offered for sale, or -
supplied exceeds the volume reported to the executive officer pursuant to
section (a). :

(2)- No producer or importer shall sell, offer for sale or supp1y
California gasoline in a final biend to which the producer or importer has
assigned a designated alternative 1imit less than 0.80 percent by volume
benzene content, 30 parts per million by weight sulfur content, 4.0 percent
by volume olefin content, 22,0 percent by volume aromatic hydrocarbon
content, T90 of 290 degrees Fahrenheit, or TBO of 200 degrees Fahrenheit,
where the total volume of the final biend sold, -offered for sale, or
supplied is less than the volume reported to the executive officer pursuant
to section (a). ' ‘

(c) Offsetting excess sulfur. Within 90 days before or after the
start of physical transfer from a production or import facility of any
final blend of Ca]ifornia gasoline to which a producer has assigned a
designated alternative limit for sulfur content exceeding 30 parts per
mitlion, the producer or importer shall complete physical transfer from the
samé production or import facility of California gasoline'in sufficient
guantity and with a designated alternative limit sufficiently below 30
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parts per miI]ﬁon to offset the mass of sulfur in excess of a limit of 30
parts per million.

(d) Offsetting excess benzene. Within 90 days before or after the
start of physical transfer from a production or import facility of any
final blend of California gasoline to which a producer has assigned a .
designated alternative limit for benzene content exceeding 0.80 percent by
volume, the producer or importer shall complete physical transfer from the
same production or import facility of Califernia gasoline in sufficient
quantity and with a designated alternative 1limit sufficiently below 0.80
percent by volume to offset the volume of benzene in excess of a limit of
0.80 percent by volume. . . o : '

- (e) Offsetting excess olefins. Within 90 days before or after the
start of physical transfer from a production or .import facility of any
final blend of California gasoline to which a producer has assigned a
designated alternative limit for olefin content exceeding 4.0 percent by
volume, the producer or importer shall complete physical transfer from the
same production or import facility of California gasoline in sufficient
quantity and with a designated aiternative Timit sufficiently below 4.0
percent by volume to offset the volume of olefins in excess of a limit of
4.0 percent by volume.

(f) Offsetting T90. Within 90 days before or after the start of
physical transfer from a production or import facility of any f1na1 blend
of California gasoline to which a producer has assigned a de31gnated

alternative 1limit for 790 exceeding 290 degrees Fahrenheit, the producer or

. importer shall complete physical transfer from the same production or
import facility of California. -gasoline in sufficient qUantity and with a
~ designated alternative 1imit sufficiently below 290 degrees Fahrenheit to

offset the extent to which the gasoline exceeded a T90 of 290 degrees '
Fahrenheit . : -

(g) Offsetting TEO. Within 90 days before or after the start of *

physical transfer from a production or import facility of any final blend
of California gasoline to which a producer has assigned a designated

alternative limit for TG0 exceeding 200 degrees Fahrenheit, the producer or

importer shall complete physical transfer from the same production or
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import facility of California gasoIine'in sufficient quéntity and with a
designated alternative limit sufficiently below 200 degrees Fahrenheit to
offset the extent to which the gasoline exceeded a T50 of 200 degrees

Fahrenheit .

(h) Offsetting excess aromatic hydrocarbons. Within 90 days before or
after the start of physicaI transfer from a production or import facility

“of any final blend of California gasoline to which a producer has assigned

a designated alternative 1imit for aromatic hydrocarbon content exceeding
22,0 percent by voTume the producer or importer shall complete physical
transfer from the same production or import facility of California gasoline
in sufficient quantity and with a designated alternative limit sufficiently
beiow ZZ*Q percent by volume to offset the vo]ume of aromatic hydrocarbons
in excess of a limit of 22.0 percent.

(i) Designated alternative limits for PM alternative gasoline

{A) The PM averaging limit (if any) for benzene content shall replace -
any reference in this section 2264 to 0.80 percent by volume benzene
content: '

(B) TIhe PM ing limit (if ) for olefi tent shall ]

{C) TIhe PM averaging limit (if any) for sulfur content shall replace
content: .

(D) The PM ing limit (if ) £ tic hyd | tent
hall : R in thi ion 2264 to_22.0 Y ]
aromatic hydrocarbon content: '

(E) TIhe PM ing limit (if any) for T90 shall ]

; in thi tion 2264 to T90 of 290 d Fahrenheit: and
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.- m . . .7 ) ) ) . .
f in_thi tion 2264 to T6Q of 200 d _Fal he it

NOTE: Authority cited: sections 39600, 39601, 43013, 43018, and 43101,
Health and Safety nge; and i ! ' ) i

Mestern 0i] and Gas Ass'n. v.
ict, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975).
Reference: sections 33000, 39001, 39002, 39003, 39010, 39500, 39515,
39516, 41611, 43000, 43016, 43018, and 43101, Health and Safety Code; and
Western 011 and Gas Ass’'n. v. i i istrict,
14 Cal.3d 411, 121 Cal.Rptr. 249 (1975). _ S

. Adopt Title 13, Ca]ifornia Code of Regulations, section 2264.2 to read as
follows:
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applicable provision in section 2264(c). (d), (e). (f). (g). or (h). :
'mmmmﬂuuwmmwm_mmum_

(d). (e}, (f), {g}. or (h) for any final blend sold or supplied from the

oroducti import facility sul t1y to the electi
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Adopt Title 13, California Code of Regulations, section 2265, to read
as follows: e - - : .

cutive officer of: (A}
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{b) Prohibited activities regarding PM alternative gasoline

formulations.

{1) No producer or importer shall sell. offer for sale. supply. or
ffer f Iy f y et , t facility Californi 1
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{f), (g). or (h),

mwwmmwwmm
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I. . I - .I. ° l I ll ']. I] o . - »
section 2264 (¢). (d), (e}, » () or (h),

{3) Once a producer or 1mngnigr hﬂi_ﬁlﬂilﬁd_tg_iﬁll_ﬂt_iunﬂl!.fEQmﬁlli_
production or import facility a final blend of California gasoline as a PM_

offsets pursuant to section 2264 (c), (d), (e}, (f). (g). or (h) for any .

No amendments are propbsed to Title 13, California Code of Regulations,
section 2266 (Certified Gasoline Formulations Resulting in Equivalent
Emissions Reductions Based on Motor Vehicle Emission Testing), section
2267 (Exemptions), section 2268 (Liability of Persons Who Commit Violations
Involving Gasoline That Has Not Yet Been Sold or Supplied to a Motor
iehicle), and section 2269 (Submittal of Compliance Plans).

Amend Tit1e 13, California Code of Regulations, section 2270 to read as
follows:

Section 2270. Testing and Recordkeeping.

(a) (1) The requirements of this section. (a) shall apply to each
producer and importer that has elected to be subject to sections 2262.2(c),
2262.3(c), 2262.4(c), 2262.6(c), 2262.6(f), or 2262.7(c)._or to a PM

. gveraging limit. The references to sulfur content shall apply to each

producer or importer that has elected to be subject to section 2262.2(c),

or to a PM averaging l1imit for sulfur. The references to benzene content

shall apply to each producer or importer that has elected to be subject to
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section 2262.3(c).or to a PM averaging limit for benzene. The references .

to olefin content shall apply to each producer or importer that has elected

to be subject to section 2262.4(c). or to a PM averaging limit for olefin. -

content. The references to T390 shall apply to each producer or importer =
that has elected to be subject to section 2262. 6(c). or to a PM averaging
limit for 790. The references to T50 shall apply to each producer or

importer that has elected to be subject to section 2262.6(f)._or to a PM
averaging limit for T750. The references to aromatic hydrocarbon content

shall apply to each producer or importer that has elected to be subject to

section 2262.7(c)._or to a PM averaging limit for olefin content.

(2) - Each producer shall sample and test for the sulfur, aromatic :
hydrocarbon, olefin and benzene content, 150 and TS0 in each final blend of .

California gasoline which the producer has produced, in aceordance with an -

applieable test methed 4dent4f4ad hx_;g1Jggglng_gng_gngly11ng_g“ .

methodologies specified in section 2263. If a producer blends gasoline

components directly to pipelines, tankships, railway tankcars or trucks and.
trailers, the loading(s) shall be sampled and tested for the sulfur,
aromatic hydrocarbon, olefin and benzene content, T50 and T90‘by the
producer or authorized contractor. The producer shall maintain, for two
years from the date of each sampling, records showing the sample date,
identity of blend sampled, container or other vessel sampled, final blend
volume, sulfur, aromatic hydrocarbon olefin and benzeme content, T50 and 7
TS0. In the event a pFedueeF 584451 oeffers for saley oF supp44es gasa4+ne
which the producer’ ‘elaims s net 6alifornia gaseline and which has a
sudfury aromatie hydrecarbens elefin or benzene contenty ¥60 and £90
exceeding the standards specified in sections 226272{551 225273(5)1
2262-4{e}y 826275{59, ZZGZfG{f}y and 225377{6}1 sueh producer sha%l
maintainy fer twe years from the date of any sale oF supply ef the
gasoliney Fecords demenstpat4ng that the gaseline was net Ga4+fan4a |
gaselire when it was seld er supp#aed by the pFBdHEEFf All gasol1ne |
produced by the producer and not tested as California gaso]1ne by the o
producer pursuant te as reguired by this section shall be deemed to have a :
sulfur, aromatic hydrocarbon, olefin and benzene content, T50 and T90 -
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exceeding the standards specified in sections 2262.2(c), 2262.3(c),
2262.4(c), 2262.6(c), 2262.6(f), and 2262.7(c), or exceeding the comparable

PM_averaging limits if applicable. unless the producer demonstrates that
the gasoline meets those standards and limits.

(3) - Each importer shall sample and test for the sulfur, aromatic

- hydrocarbon, olefin and benzene content, T50 and T90 in each shipment of
Catifornia gasoline which the importer has imported by tankship, pipeline,
railway tankcars, trucks and trailers, or other means, ir aceerdanrce with

ar appiicable test methed identified by collecting and analyzing a
representative sample of the gasoline. using the methodologies specified in
section 2263. The importer shall maintain, for two years from the date of

each sampling, records showing the sample date, product sampled, container
or- other vessel sampled, the volume of the shipment, sulfur content, '

~ aromatic hydrocarbon, olefin and benzene content, T50 and T90. Al

| gaso11ne imported by the importer and not tested as California gasol1ne by
the 1mparter pursuant e gi;nggulngd_hy this section shall be deemed to
have a sulfur, aromatic hydrocarbon, olefin and benzene content, T50 and

T90 exceeding the standards specified in sections 2262.2(c), 2262'3(c),
2262.4(c), 2262.6{c), 2262.6(f), and 2262.7(c), QL_gxgggdlng_thg_ggmpjtghlg_

PM_averaging 1imit(s) if applicable. unless the importer demonstrates that
the gasoline meets those standards and ]}m]t(sl

(4) A producer or importer shall provide to the executive officer any
records required to be maintained by the phpducer or importer pursuant to
this section within 20 days of a written request from the executive officer
if the request is received before expiration of the period during which the
records are required to be maintained. Whenever a producer or importer
fails to provide records regarding a final blend of California gasoline in
accordance with the requirements of this section, the final blend of
gasoline shall be presumed to have been sold by the producer or importer in
violation of the standards in sections 2262.2(c), 2263.3(c), 2262.4(c),
2262.6(c), 2262. 6(f), and 2262.7, or the PM averaging limit(s). to which
the producer or importer has elected to be subject.

(5) The executive officer may enter into a protocol with any producer
or importer for the purpose of specifying alternative sampling, testing,
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recordkeeping, or. reporting requirements which shall satisfy the provisions
- of sections (a)(2) or (a)(3). The executive officer may only enter into -
such a protocol if s/he reasonably determines that application of the
reguiatory requirements under the protocol will be consistent with the
state board's ability effectively to enforce the provisions of sections
2262.2(¢), 2262.3(c), 2262.4(c), 2262. 6(c), 2262.6(f), and 2262.7(c), and
the PM averaging limit(s). 'Any such protocol shall include the producer s
or importer's agreement ‘to. be bound by the terms of the protocol. o -
(b} (1) For each final blend which is soid or supplied by a producer
or importer from the party's production facility or import faci1ity.'and

which contains volumes of gasoline that party has produced and 1mported and e

volumes that the party neither produced nor imported, the producer or _
Amporter shall establish, maintain and retain adequately organ1zed records -
containing the following information: '

(A) The volume of gasoline in the final blend that was not produced or -

imported by the producer or importer, the identity of the persons(s) from

whom such gasoline was acquired, the date(s) on which it was acqu1red and e

the invoice representing the acquisition(s).

(B) The sulfur, benzene, aromatic hydrocarbon, olefin and benzene
content, T60 and T90 of the volume of gasoline in the final biend that was
.not produced or imported by the producer or 1mporter, determined e1ther by
(A) sampling and.testing, by the producer or importer, of the: acquired
gasoline represented in the final blend, or (B) written results of samp11ng”'
-and test of the gasoline supplted by the person(s) from whom the gaso]1ne
was acquired. - . . : : = o

(2) A producer or importer subject to this section (b) shall establ1sh“”t“

such records by the time the final blend triggering the requirements is

sold or supplied from the production or import facility, and shall retain
such records for two years from such date. During the period of required
retent1on, the producer or importer shall make any of the records ava1lab1e*
to the executive officer upon request
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i ' impo intain. for two
years from the date of any sale or supplv of such gasoline. records

- demonstrating that the gasoline was not California gasoline. or that it

S el : \ A

- or_supplied by the producer.

NOTE: Authority cited: sections 39600, 39601, 43013, 43018, and 43101,

Health and Safety Code; and Western 0i1 and Gas Ass'n. v.
i istrict, 14 Cal.3d 411, 121 Cai.Rptr. 249 (1975).

-Pollution Control District :
Reference: sections 29000, 39001, 39002, 33003, 39010, 39500, 39515,
: 39516,_41511, 43000, 43016, 43018, and 43101,_Health aqd Safety Code; apd

MWesterp Oj] and Gas Ass'n, v. QOrange County Air Pollution Control District,
14 Cal.3d 411, 121 Cal.Rptr. 249 (1975). o , ,

-No amendments are proposed totTit]e-13;'California Code of,ReQu]atibns,'

sections 2271 (Variances) and 2272 (Gasoline Produced by Small Refiners).

-35-






APPENDIX B

' CALIFORNIA PROCEDURES FOR EVALUATING 'ALTERNATWE
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State of Callforma '
California Environmental Protection Agency
AIR RESOURCES BOARD
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Cahfornla Procedures for Evaluating Alternatlve Speclflcatlons for

Phase 2 Reformulated Gasoline Using the
‘California Predictive Model

. INTRODUCTION

A. Purpose and Applicability

1.

The predictive model prescribed in this document may be used to
evaluate gasoline specifications as alternatives to the gasoline
specifications set forth in Title 13, California Code of Regulations
(13 CCR), sections 2262.1 through 2262.7. .

<

+ e

*

~ This procedure:

prescribes the range of specifications that may be utilized to select

a set of candidate Phase 2 RFG alternative gasollne specn‘“ cations

for evaluation, ,

- defines the Phase 2 RFG reference specifications,
prescribes the calculations to be used to predict the emissions
from the candidaie specifications and the reference Phase 2 RFG
specifications,
prescribes the calcu!atlons to be used to compare the emissions
resulting from the candidate specifications to the reference
Phase 2 RFG specifications,
establishes the requirements for the demonstration and approval
of the candidate specifications as an alternative Phase 2 RFG
formulation, and
establishes the notification requirements.

Gasoline properties for which alternative gasoline specifications may be
set by this procedure include all eight Phase 2 RFG properties, except
Reid vapor pressure (RVP).

- The Phase 2 RFG specifications, established in 13 CCR, sections

2262.1 through 2262.7, are shown in Table 1.



Table 1
Pr0pert|es and Specifications for Phase 2 Reformulated Gasoline

H Fuel Property o Units Flat | Averaging

- Limit Limit
Reid vapor pressure (RVP) psi, max. 7.00" ne
Sulfur (SUL) ' ppmw, 40
Benzene (BENZ) vol.%, max. | 1.00 | , B
Aromatic HC (AROM) fvo%, max. | 250 | 220 300 |
Olefin (OLEF)  Jvo%max| 60 | 40 10 4
Oxygen (OXY) wt. % _ 1.8 (min) none 1.8(min)’

1 2.2 (max) 2.7(max)
| Temperature at 50% distilled (T50) | deg. F, 210 200 220
" Temperature at 90% dlstﬂled (T901 deg. F, 300 290 330

! App[lcable during the summer. months identifi ed in. 13 CCR, sections 2262.1 {(a) and (b).-
Apphcable during the wiriter. rionths identified in 13 CCR, section 2262.5 (a) .

4, The poliutant emissions addressed by these procedures and the units of
measurement are shown in Table 2. '

. Table 2 -
"Predictive Model Pollutants and Units of Measurement

Pollutant Emissions

Oxides of Nitrogen (NOX) | sm/mile
Hydrocarbons (HC) - gm/mile
Potency-weighted Toxics (PW1) mg/mile o f “ |

B. Synopsis of Proéedure

- The predictive model is used to compare the exhaust emissions predicted for gasoline
meeting the Phase 2 RFG specifications (reference specifications) to the exhaust
emissions predicted for gasoline meeting the alternative gasoline specifications
(candidate specifications).
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The predictive model is made up of several sub-models. The sub-models are
equations which relate gasoline specifications for certain properties to the exhaust
emissions that result when the gasocline is burned in a motor vehicle. The gasoline
properties included in the model are those properties that are regulated by the
California Phase 2 RFG regulations (See Table 1):

Twelve separate sub-models have been developed for six pollutants (NOx, HC,
benzene, 1,3-butadiene, forma!dehyde, and acetaldehyde) and two sub-models, per
poliutant, for each vehicle emissions technology “Tech” class (Tech 3 and Tech 4),

The predicted emissions for each Tech class are adjusted using Tech class

emission-weighting factors for NOx and HC. Toxic emissions (benzene,

~ 1,3-butadiene, formaldehyde, and acetaldehyde) are adjusted using VMT (vehlcle

mlles traveled) weighting factors and a potency weighting factor.

The sub-models are used to predict the emissions from the Phase 2 RFG
specifications and the alternative specifications. The emissions are expressed in the
units identified in Table 2. If for each pollutant (NOx, HC, and potency-weighted :
toxics), the percent change in emissions between the candidate specifications and the
reference Phase 2 RFG specifications, is equal to or less than 0.04%, then the
candidate specifications are deemed acceptable as equivalent to Phase 2 RFG. If the
percent change in emissions between the candidate specifications and the reference
Phase 2 RFG specifications, is equal to or greater than 0.05%, then the candidate
specifications are deemed unacceptable and may not be a substltute for Phase 2
RFG .

C. Definitions

1. Alternative gasoline formulation means a final blend of gasoline that is
subject to a set of alternative specifications deemed acceptable pursuant
to the California Pro res for Ev i nativ ifications _for
Pha Reformul lin ing th lifornia Predictive Model.

2. Alternative specifications means the specifications for the following

gasoline properties, as determined in accordance with 13 CCR, section
2263:

* maximum Reid vapor pressure, expressed in the nearest

_ hundredth of a pound per square inch; '

* maximum sulfur content, expressed in the nearest parts per million
by wetght

<+  maximum benzene content, expressed in the nearest hundredth of
a percent by volume;

. maximum olefin content, expressed in the nearest tenth of a
percent by volume;

* minimum and maximum oxygen content, expressed in the nearest



10.
11.

12.

tenth of a percent by weight;

maximum T50, expressed in the nearest degree Fahrenheit;
maximum T90, expressed in the nearest degree Fahrenheit; and
maximum aromatic hydrocarbon content, expressed in the nearest _
tenth of a percent by volume. 3

L 2K 2R

Applicant means the party seeking approval of alternative gasoline .

specifications and responsible for the demonstration described herein.

Aromatic hydrocarbon content (Aromatic HC, AROM) means the
amount of aromatic hydrocarbons in the fuel expressed to the nearest:
tenth of a percent by volume in accordance with 13 CCR, section 2263..

ASTM mearrs the American Society of Testing and Materiels |

Averagmg lelt means a limit for a fuef property that must be achreved :
in accordance with 13 CCR sectrons 2264.

Benzene content (BENZ) means the amount of benzene contained in
the fuel expressed to the nearest hundredth of a percent by volume in.
accordance with 13 CCR, section 2263.

. Candidate fuel or candidate specifications means the fuel or set of - .

specifications which are being evaluated for its emission performance
using these procedures.

Cap limit means a limit that applies to all California gasocline throughout
the gasoline distribution system;, in accordance with 13 CCR, sections
2262.1 (a), 2262.2 (a), 2262.3 (a), 2262 4 (a) 2262 5 (a) and (b) '
2262.6 (a), and 2262 7 (a). .

EMFAC/BURDEN 7F means the motor vehicle emission mventory and
emissions calculation system maintained by the ARB. :

Executrve Ofﬁcer means the executive ofF icer of the Air Resources
Board or his or her desrgnee

Flat limit means a srngle lrmrt fora fuel property that -applies to all
California -gasoline sold or supplied from a California productron facility or
|mport facrhty



13,

14,
15,
16.
17,
18.
19.
20,
21.

21.

22.

Intercept means the average vehicle effect for a particular Tech class
and a particular pollutant. The intercept represents the average

emissions across vehicles in the Tech class, for a fuel with properties
equal to the average values of all fuels in the data base for that Tech

class. =~

_ Olefin content (OLEF) means the amount of olefins in the fuel

expressed in the nearest tenth of a percent by volume in accordance _

- with 13 CCR, section 2263.

| Oxygen content (OXY) means the amount of oxygen contained in the

fuel expressed in the nearest tenth of a percent by werght in accordance
with 13 CCR, section 2263. _

Phase 2 reformulated gasoline (Phase 2 RFG) means gasoline

meeting the flat or averaglng Timits of the Phase 2 RFG reguiatrons

Potency-weighted toxics (PWT) means the mass exhaust emissions of .

- benzene, 1,3-butadiene, formaldehyde, and acetaldehyde multrphed by

the relative potency with respect to 1,3-butadiene.

Predictive model means a set of equations that relate the propertles of

~ “a particular gasoline formulation to the predicted emissions that result

when that gasoline is combusted in a motor vehicle engine.

Reference fuel or reference specification means a gasoline meeting
the flat or average specifications of the Phase 2 RFG.

Reid vapor pressure (RVP) means the vapor pressure of the fuel
expressed in the nearest hundredth of a pound per square inch in
accordance with 13 CCR, section 2263.

Sulfur content (SUL) means the amount of sulfur contained in the fuel
expressed in the nearest part per million in accordance with 13 CCR,
section 2263.

Technology class (Tech 3, Tech 4) means a classification of vehicles
by model year based on what technology is used to control gasoline
exhaust emissions.

50% distillation temperature (T50) means the temperature at which
50% of the fuel evaporates expressed in the nearest degree Fahrenheit
in accordance with 13 CCR, section 2263.



23.

24,

90% distillation temperature (T90) means the temperature at which

90% of the fuel evaporates expressed in the nearest degree Fahrenheit
in accordance with 13 CCR, section 2263.

Toxic air contaminants means exhaust emissions of benzene,
1,3-butadiene, formaldehyde, and acetaldehyde.



| Technology Class

I VEHICLE TECHNOLOGY CLASS AND WEIGHTING FACTORS

A. Vehicle Technology Classes

For the purpose of these procedures, sub-models have been developed for two -
categories of light-duty vehicles (passenger cars and light-duty trucks) using the
vehicle model year as an indicator of the fype of emission controls used.

Table 3 shows the two vehicle categories.

Table 3 -
- Vehicle Categories

Model Year

Emission Controls

- [ Tech 3 _ 1981-1885 older closed-loop three-way catalyst II
|I Tech 4 1986-1995 closed-loop three-way catalyst | J

B. Emission-weighting Factors

‘Emission-weighting factors are used to weight the relative contribution of the
model-predicted NOx and HC emissions in each Technology class. These
weightings represent the average fractional contribution that vehicles in the -
particular Tech class make to the total on-road motor vehicle emissions of a
particular pollutant from gasocline-fueled light duty vehicles in the years 1996,
2000, and 2005. These values were calculated using the information in
EMFAC/BURDEN 7F. The emission-weighting factors (EWF) are shown in
Table 4 and are used in the evaluation of NOx and HC emissions.

Table 4
Emission-weighting Factors

Pollutant__——[Techs —_TTechd ]

NOx 0.174 0.826

I HC 0.198 I 0.802 ll

C. VMT Weighting Factors

Vehicle miles traveled (VMT) weighting factors are used to weight the relative
contribution of the model-predicted toxic air contaminant emssions in each technology
class. These weightings represent the average fractional contribution to VMT that

“vehicles in the particular Tech class make to the total VMT from vehicles in all

technology classes used in the model. The values were calculated by identifying the

7



VMT fraction(s) for Tech class 3 and 4 vehicles for 1996, 2000, and 2005, summing
these values by Tech class, and calculating the arithmetic average. The VMT data
were obtained from EMFAC/BURDEN 7F. The VMT weighting factors (VMTWFs).are
shown in Table 5 and are used in the evaluation of toxic air contaminants.

Table 5

Vehicle Miles Traveled Weighting Factors (VMTWFs)

Polwtant ———— [Tech3 [Tecnd |

- Benzene ' 0.089 0.911 '
1,3-Butadiene 0.089 0.911
Formaldehyde | 0.089 0.911

* Acetaldehyde 0.089 1 0.911

— ]



GENERAL EQUATIONS FOR CALCULATING PERCENT CHANGE IN

'EMISSIONS

Summary and Explanation

+

The applicant will select a candidate specification for each property, and

- will identify whether the specification represents a flat limit or an

averaging limit. The Phase 2 RFG reference specification is identified,

- for each property, using the compliance option selected for the

corresponding candidate specification. (See lI1.B.)

The selected candidate specifications and the comparable Phase 2 RFG
reference specifications are inserted into the predictive model equations
to determine the predicted candidate and reference emissions by Tech

Class. (See lll.C.)

For NOx and HC, the ratio of the predicted emissions for the candidate .
specifications to the predicted emissions for the reference specifications

is emissions weighted according to the relative contribution of each -
technology class. These emissions-weighted ratios are summed,
reduced by 1, and muitiplied by 100 to represent the percent change in
emissions. The resulting values represent the percent change in NOx or
HC emissions between the candidate specifications and reference
specifications. (See lll.D.)

For toxic air contaminants, the predicted emissions for the candidate
specifications (for each pollutant and each Tech Class) are VMT
weighted and potency-weighted. The VMT/potency-weighted sums for
the candidate specifications are divided by the VMT/potency-weighted
sums for the reference specifications. This ratio is reduced by 1 and
then multiplied by 100. The resulting value represents the percent
change in potency-weighted toxic emission between the candidate
specifications and reference specifications. (See II.D.)

Selection by Applicant of Candidate and Reference Specifications

The applicant shall select a candidate specification and for each property shall
identify whether the specification represents a flat limit or an averaging limit.

‘The Phase 2 RFG reference specifications are identified using, for each

property, the compliance option selected for the corresponding candidate
specification. Table 7 provides an optional worksheet to assist the applicant in
selecting the candidate and reference specifications.



Identify the value of the candidate. specifications for each fuel property
and insert the values into Table 7. The candidate specifications may
have any value for sulfur, benzene, -aromatic hydrocarbons, olefins,
oxygen, T50, and T90 as long as each specificationis less than or equal -
to the cap limits shown in Table 1. The RVP value for the reference and
candidate specifications is always 7.00. The approprlate values for
oxygen content are shown in Tabte 6.

‘ . Table® - o
Candldate and Reference Specifi catlons for Oxygen

|| Oxygen Content for Candidate | Number o | Values to be Used in
Fuel | Reference vs - | Comparison in Equations
Candidate - - —_——
minimum maximum Comparisons | Candidate Reference
Required .
20 20
> 1.8, oy minimum < minimum
<22 '- 2 maximum .20
" <18 > 1.8, | minimum o 2.0
' <22 2 maximum | maximum "
minimum 2.0
>2.2 > 2.2 Cat —_— e
2 [ maximum 20

Identify for. eeCh“s"pecif cétion fer-a property: o'ther' than'_RV‘P e'nd oxygen

2.
|f the comphance optlon will represent a flat Ilmlt or an averagmg limit.
3. Identlfy the reference specd‘ cations based on the compllance options
selected in step 2.  Circle the appropriate flat or average limit: for the
reference fuel in Table 7. The circled values are the reference
. specifications which will be used in the predictive model. Write in the
appropriate reference specn'lcatlons for oxygen content based on the
-f*mformatlon in Table 6 - ! : o
Example

If. you elect to meet a sulfur Ilmlt of 20 for the candldate fuel and elect to
- comply with-a flat limit, the reference fuel:sulfur limit would-be 40
However, if you elect to meet a sulfur limit of 20 on average, the
reference fuel sulfur limit would be 30.

10-



Table 7
Optional Worksheet for Candidate and Reference Fuel Specifications

"Fuel. Candidate . | Complianc ference Fuel: |
Property | Fuel': | Option: Phase 2 RFG Specifications
o | Specifications | Flat or L '
Average 7 (Circle Option Chosen)
Flat - Average
| RvP? 7.0 - Flat - ' 70 ‘None
Sulfur - o | 40 30
_ Benzene . ' ' - 1.00 0.80
| Aromatic 1 250 22.0
|| Olefin S | 6.0 40
Oxygen® : min) | ' | min
e ' (i) Flat-Range (min) None
(max) - (max) ,
T50 | - | 210 200
T90 ' 300 290
1 The fuel property value must be less than or equal to the cap limit.
2

The candidate fuel RVP values should be reported as 7.0 even if measured value is below 7.0.
If the oxygen content range for the candidate fuel is > 1.8 and < 2.2, the candidate fuel and
reference fuel oxygen value used in the predictive mode! equation is 2.0. For all other cases,

see Table 6, Candid nd Referen i i f .

11



C. General Equations for Calculating Emissions by Pollutant and by
Technology Class

The selected candidate specifications and set reference specifications are inserted inio
the predictive model equations to determine the predicted pollutant emissions
generated from each fuel formulation by Tech Class. The following is the general form
of the equations used to calculate emissions of the candidate and reference
specifications for each pollutant and for each technology class.

In y;o, = intercept + X [(fuel effects coefﬁcient) X (standard'ized fuel property)] |
or | |
Yreen = Exp {intercept + X [(fuel effects coefficient) x (standardized fuel property)]}
where | | |
In is the natural Iogaritﬁm.
Exp is the invers’e of the natural logarithm.
 VYrecr, 16 the emission in grams or niilligraf_ns per mile of a partidular pollutadt
(NOx, HC, benzene, 1,3-butadiene, formaldehyde, and acetaldehyde) and fora -
particular technology class. (Note: V 1...reriS the emissions for the reference

specifications and ¥ r,.n.cano i the emissions for the candidate specifications.)

intercept represents the average vehicle effect for a particular Tech class and a
particular pollutant. The intercepts are provided in Table 11, Coefficients for

NOx and HC Equations, and Table 12, Coefficients for TQXIQ§ Equations.

- fuel effects coefficient represents‘ the average fuel effects across all vehicles
in the database for a particular Tech class and a particular pollutant. The fuel

effect is provided in Table 11, Coefficients for NOx and HC Eguatlgn and
Table 12, Coefficients for Toxics.

standardized fuel property is defined as:

standardized fuel property =

[(actual fuel property) - {mean fuel value)]

standard deviation of the value for the fuel property

actual fuel property represents the candidate or reference fue! property
selected by the applicant in Table 7, Worksheet for Candidate and Reference
Specifications.

12



mean fuel value represents the average fuel values from all data that are used
in developing the California Predictive Model. The mean and standard
deviation are provided in Table 10, ndardization of F

Stan garg Deviation.

| standard deviation of the value for the fuel preperty is the standard _deviatién_
from all data that are used in developing the California Predictive Mode!.

- D. General Equations for Calculating Percent Change of Em:ssmns Between

Candidate and Reference Speclf cations

The ratio of the predicted emissions for the candidate specifications to the predicted
emissions from reference specifications is multiplied by the technology class -
emission-weighting factors for NOx and HC and by the VMT and potency-weightrng
factors for the toxic pollutants. These weighted ratios are summed. The sum is
reduced by 1 and multiplied by 100 to give the percent change in emission fora -

. particular pollutant. The following is the general form of the equations used to

calculate percent change in emissions between the candidate and reference
-specn" ications relative to the reference specn" ications for each pollutant.

9 hange in NOx and HC Emissions:

%CE = change in emissions =

where
Yrech 3 AN Yroch 4 @re the pollutant emissions in grams per mile of a particular
- poliutant and particular Tech class

yTECH3-CAND (EM/F )
-~ 3

. .VTECH4-CAND(EM/F4G)1 _1] 100

TECHA-REF

YrecH3rer

Y Techcanp IS the emiesions for the candidate specifications
Y techree IS the emissions for the reference specifications

' EWF and EWF,, are the technology class 3 and technology class 4 weighting

factor for the particular pollutant q. The Vehlcle Technology Class Weighting
Factors are provided in Table 4.

13



Step 1. Calculation of VMT and potency—we_ighted emissions for candidate'and
reference specifications

CE pyrcanp = change in PWT emissions for candidate specifications =

Z [([(YTEe}fquAND) x (VMTWF, )] +[(yTECH4q-CAND) X (VM WVFJ]_)_" (P WT“.')]_ '

CE pwrrer = change in PWT emissions for reference speciﬂcatiohs =
Y [( [V recrgmee) X (VMTWEL)] (¥ recpa.mee) X (VMTWE, )] ) x (PWT;,-)]

where

(Y7ech3q ) @Nd (Yreen 4g) @re the emissions in mllllgrams per mile for each toxm: a:r
contaminant for Tech class 3 or 4.

Y tech-canp iS the emissions for the candidate specifications.
Y Tecnrer IS the emissions for the reference spécifications

VMTWF, and VMTWF, are the VMT weighting factors for Tech class 3 and
Tech class 4 vehicles respectively. These values are shown in Table 5.

PWF, is the potency-welghtlng factor for each toxm air contammant q prowded
in Table 8.

14



where

- Step 2. Calculation of percent change in. potency-weighted toxic (PWT) :

emissions.
% CE pyr = p_ercent change in the sum of the PWT emissions =

CEpyrcano _

11x (100)

CEPWT -REF

CEpwr.cano is the change in the sum of PWT emissions for candldate
specifications from Step 1 above.

CEpwrreris the change in the sum of PWT emissions for reference '

specnﬁcatlons from’ Step 1 above.

Table 8
TOXIc Air Contaminant Potency-welghtmg Factors

[ Poliutant. ' | ﬁotency-weighting Factor = |l

Benzene -

1,3-Butadiene ‘ 1 — ~ ||
Formaldehyde 0.035 - “

| Acetaldehyde 0.016 |

15



V. OXIDES OF NITROGEN (NOx) EXHAUST EMISSIONS CALCULATIONS

A NOx Emissions by Technology Class

The property values' from the Table 7 worksheet are used to calculate NOx

emissions for the candidate and reference specifications.
1. NOx Emissions for Tech 3

The NOx emissions for the candldate (Y Teens.canp ) @nd reference (Y teen s.er )
specifications for Tech 3 are calculated as follows:

NOx emissions Tech 3 =y 1,5 =

Description Equation
Exp
intercept {-0.15597638 +
RVP (-0.01671797) (RVP - 8.651419) +
0.580438
Sulfur - (0.01785987) (SULFUR - 193 574245) - +
130.374657
Aromatic HC- . (0.05428291) (A RQM - 30.967805) +
| | ' '0.491877
Olefin . (0.02292342) (mguggg_) , +
5.873768
Oxygen ' (0.01439508) (OXY - 0.912512) +
1.249609
T50 (-0.01161378) (T50Q - 211.338086) +
| 17.374327
T90 (0.00341764) (190 - 315.839826) +
25.694736
© T50T90 (0.00857682) (T5Q - 211.338086) (T90 - 315.839826) +
17.374327 25.694736



AROTS0  (-0.0097818) (ARQ - 30.967805) (T90 - 315.839826)
| 9.491877 25.694736

where . f ' : : S
RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the value limits for
the candidate and reference specifications identified in the Table 7 worksheet.

~2. NOx Emissions fcr'Tech 4

The NOx.emissions for the candidate (Y Tech 4-canp ) and reference (y Tech 4-REF )
specifications for Tech 4 are calculated as follows:

o 'NOx_emiseiOns Tech4 =Y .4 =

Descripfion ~  Equation
B
intercept © {-0.58548115 | o
RVP  (0.03005909) (RVP - 8.707348) s
| 0.52813
Sulfur ~(0.050086115) (SULFUR - 174.036113) +
137.356549
Aromatic HC (0.004154304) (ARQM - 28 604566) +
o 7.848674 |
Olefin (0.025949698) (QLEF = 7.001772) +
4.988003
Oxygen (0.011321599) (OXY - 1.266843) . +
| 1.310604
T50 ( 0.00195233) (T50 - 208.186678) +
o 18.149553
T90 (-0.00820391) (T90 - 311.36°79) +
| 22.988439

17



AROOXY (-0. 00579379)( ROM - 28. 60455 )(OXY 1.266843)  +

7.848674 1.310604
RVPOXY (0.006283521) (RVP - 8.707348) (OXY - 1.266843) +
| 0.52813 .~ 1.310604
OXYOXY - (0.013486985) (OXY - 1.266843) (OXY. - 1.266843)
' ' 1.310604  1.310604

where : ' -
RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the values for the
candidate and reference specifications in the Table 7 worksheet.

B. Percent Change in NOx Emissio_n‘s

The percent change in NOx emissions between the candidate specifications and the-
reference specifications is calculated as follows:

%CE {ﬂgﬂ@ﬂ) X EWFMOX] [M X EWFMOXH 1}x 100

(yTECHS-REF) (yTECH4-REF) o

where S .
Yrech 3-canp @NG Yrech 4canp @re the NOx emissions for the candidate specifications
in grams per mile for Tech 3 and Tech 4, respectively.

'yw, a.rer And Yeeon arer 2re the NOx .emissions for the reference specifications in
grams per mile for Tech 3 and Tech 4, respectively.

NOx emissions for Tech 3 are calculated according to the equaﬁbns in
section V. A. 1.

NOx emissions for Tech 4 are calculated according to the equations in
section V. A. 2.

EWF,,.. and EWF ., are the\emEESion-weighting factors for NOx as sﬁown
in Table 4. '

18



V. HYDROCARBONS (HC) EXHAUST EMISSIONS CALCULATIONS
A.  HC Emissions by Technology Class

. The property values from the Table 7 worksheet are used to calculate HC
_emsssrons for the candldate and reference specn" catlons

.1. | " HC Emissions for Tech 3

The HC emissions for the candidate (Y e scann ) 3Nd reference (¥ ron srer )

e specﬁ' ications for Tech 3 are calculated as follows:

- HC emissions Tech 3 =y 15 =

Exp
intercept  {-0.79454695 | I
RVP © (0.004470126) (RVP - 8.651419) =+
o 0.580438 -
Sulfur (©. 001933575) (SULFUR - 193, 574245) +
130.374657
Aromatic HC (-0.03844685) (AROM - 30.967805) +
| 9.491877
Olefin | (-0. 02100516) (OLEF - 8.34672) +
5.873768
- Oxygen (002735656) (OXY - 0.912512) +
| 1.249609
T50 (0.010253527) (I50 - 211.338086) +
- 17.374327 ~
T90 (0.017858355) (T90 - 315.839826) +
25.694736
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RVPT50 (-0.01626671) (RVP - 8.651419) (T50 - 211,338086) ' +
' 0.580438 17.374327

SULARO  (-0.04053717) (SULFUR - 193.574245) (AROM - 30.967805) +

130.374657 9.401877
AROT90 (0. 018225949) (AROM - 30.967805) (T90 - 31 5,539325) }
9.491 877 _ 25 694736

where
RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the. value limits for -
the candidate and reference specifications identified in the Table 7 worksheet.
2. HC Emissions for Tech 4

- The HC emissions for the candidate (¥ 1., «canp ) @Nd reference (y Tech 4-REF )
specifications for Tech 4 are calculated as follows:

HC emissions Tech 4 =y 1,04 =

Description Equation
Exp
intercept o ‘{-1 18303868 - o *
RVP o ( -0.00850444) (RVP - § 7Q7§4§) +
- 0. 52813 T
‘Sulfur (0.116903682) (SULFUR - 174,Q§§11 3 |+
: : 137.356549 '

Aromatic HC (0.001368326) (ﬁQM-_ZS_@_OAiQQ) o+

- 7.848674 .
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Olefin ' (-0.0068737) (OLEF - 7.001772) +

4.988003
Oxygen (001035001)( XY - 1.266843) +
o 1.310604 |
o T50 - (0.076436841) (I50 - 208,186678) +
L ' 18.149553
T80 ) 038947849)( 90 - 311.36879) .
- 22.988439
 AROARO ~ (:0.01197286) (AROM - 28. 604566)( ROM - 28 )+
| | 7.848674 7. 848674
AROT0 (0. 012076013) (AROM - 28.604566) (T90 - 311.36879)  +
- o 7.848674 22988439 - -
| OXYT90 . -(0.01.51071'93) (OXY - 1.266843) (T90 - 311 36879) o+
o R | 1.310604 22.988439 |
| T50T50 = - . (0.025807977)  (I50 - 208.186678) (I50 - 208.186678) +
L TR ' © 18.149553  18.149553
T90T90 (0.018209586) (190 - 311.36879) (TS0 - 311.36879)
220988439  22.988439

where
RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the values for the
candidate and reference specifications in the Table 7 worksheet.
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B. Percent Change in HC Emissicns

The percent change in HC emissions between the candldate specn" cations and the
reference specifications is calculated as follows - 8 : :

(yTECH4-CAND) X ElM:

4-v0C
| VrecHaner) ]

1{x 100

(yTECH 3 —REF)

% CE 2[[[ (yTECH3-CAND) X EWF -voc

where
' Vech s.canp @Nd Yrech a.canp @re the HC emissions for the cand:date specifi catlons in
grams per mlle for Tech 3 and Tech 4 respectlvely i

Voch 3-REF and an +reF are the HC emissions for the reference specifi catlons in
grams per mile for Tech 3 and Tech 4, respectwely R

HC emissions for Tech 3 are calculated according to the equations in
section V. A. 1. g S

HC emissions for Tech 4 are calculated accordlng to the equatlcns |n
sectlonV A 2 o s

EWFS_HC and EWF , . are the emlseion-weighting factors for HC as shown in
Table 4.
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. VI. POTENCY-WEIGHTED TOXICS (PWT) EXHAUST EMISSIONS
: CALCULATIONS

AL Mass EmISSIOI‘IS of Toxics by Technology CIaésa

The proper’ty values from the Table 7 worksheet are used to calculate mass
toxic emissions for the cand|date and reference specifications.

1. Mass Emissions for Tech 3

- The mass emissions for each toxic for Tech 3 are calculated as follows:

a Benzene mass emissions Tech 3 =y 1., =
Descri ) ioh - 'Equation -
Exp o
intercept . {2 98444988 S e
RVP (0.00012084)RVP-8.651419)  +
e 0580438 .
Sulfur (0. 05702145)(§LJLFL!R 193.574245) +
: 130. 374657
Aromatic HC (0.11271704) (AROM - 30.967805) +
9.491877
Olefin (0.0262628)(OLEF = .34672) s
5 873768 ‘
Oxygen (0.00010461)(QXY - 0.912512) +
1.249609 ‘
T50 . (0.07400871)(T50 - 211.338086) +
- 17.374327
To0 (-0.03666419)(T90 - 315.839826) +
25.694736
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BENZ

b.

Yescription

- intercept

RVP

Sulfur

Aromatic HC

Oiefin

Oxygen

T80

190

(0.13158634)(BENZ - 1.365963) \ .
| 0.444768

1,3-Butadiene mass emissions Tech 3 =y 1, =

Eguation

Exp
{0.55265837
'(-0.1 1048744)(RVP - 8.651419)
0.580438
(0.12662294){SULFUR - 1 .574245)
130.374657
(0.04922477}AROM - 30.9678085)
' . 9.491877
(0.12457297)(QLEF - 8.34672)
5.873768
(-0.01861222)(OXY - 0.912512)
1.249609
(-0.04669652)(T50 - 211.338086)
17.374327 '
(0.1898306)(T90 - 315.839826)
25694736
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ription

intercept L

RVP

Sulfur

Aromaﬁc HC

" Olefin

Oxygen
T50

T80

Fonnaldehyde mass emissions Tech 3 = y Tech 3 =

Equation .
- Exp
' {2.06596608
(0.02179558)(RVP - 8651419), |
0580438
(-0. 18622636)(SULFUR - . 193.574245)
130.374657
 (0.1265364)(AROM - 30.967805)
| 0491877
e 00492199)(QLEF .8 34572)
| " 5873768
a (o 17601939)(OXY - 0.912512)
| 1249600
(0.06301058)(T50 - 211.338086)
17.374327
(o 04218807)(T90 - 315.839826)
25604736
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d.  Acetaldehyde mass emissions Tech 3 = ¥ o5 =

Description Equation
Exp
intercept {0.99348033 - +
RVP (0.00386954)(RVP -.8.651419) | o+
0.580438 -
Sulfur ' (0.04468183)(SULFUR - 193.574245) =+ .
130.374657
Aromatic HC (-0.14176068)(AROM - 30.967805) = +
' 9.491877
Olefin (0.03247264)(OLEF - 8.34672) +
5.873768
Oxygen (0.11153843)(QXY - 0.912512) L +
1.249609
T50 | (0.10500375)(T50 - 211.338086) -~ - +
17.374327 -
T90 (-0.02459286)(T90 - 315.839826) }
25.694736
where '

RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the value limits for
the candidate and reference specifications identified in the Tabie 7 worksheet.
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2. Mass Emissions for Tech 4

The mass emissions for each toxic for Tech 4 are calculated as follows:

~a. - Benzene mass emissions Tech4 =y ., , =
Descripfion ~  Equation -
Exp
intercept © [2.07694733 | S
RVP . (0. 0205309( RVP - 8.707348) - +
- 0.52813 |
Sulfur  (0.14014755)(SULEUR - 174.036113) +
B 137.356549
 Aromatic HC (u17375044)(AROM 28.604566)  +
o e 7.848674 =
" Olefin  (0.02072724)(OLEE-7.001772) = = =+
| - 4988003
‘Oxygen (0.02074571)(OXY - 1.266843) +
1.310604
- T50 (0.04810616)(T50 - 208.186678) +
S 18.149553
T90 (0.00084762)(T90 - 311.36879) +
- - 22.988439 |
BENZ (0.14364029)(BENZ - 1.092985) }
0.563303
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b.

Description
intercept
RVP

Sulfur
Arométic HC
Olefin

Oxygen

150

T90

1,3-Butadiene mass emissions Tech 4 =y ., 4=
Equation
Exp
{-0.12216754

(0.0235653)(RVP - 8.707348)
0.52813

(0.05667595)(SULFUR - 174.036113)
137.3566549

(-0.04969117)(AROM - 28.604566)
" 7.848674

(o. 13697093)( LEF - 7.001772)
~ 4.988003

(o 00190223)(OXY - 1.266843)
1.310604

(0.05848708)(I50 - 208.186678)
18.149553

(0 08820685)( 90_31_L3§§_Q)
22.988439 -
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. C.

ription

intercept

RVP

Sulfur

Afor_hatic HC'
- Olefin:

" Oxygen

T50

T90

Forrhaldehyde mass emissions Tech 4 =y 1., 4.=
Eq.ug- tion
Exp-
{0.57054336

(0.00037903(RVE - 8.707348)
o 0.52813

(-0.04718751)(SULFUR - 174.03611
137.356549

(-0. 07461695)( ROM - 28.604566 )
| 7.848674 -

| "(0.01-'552007)(OLEF 7.001772)
2988003

o 07852942)(Q XY - 1.26684 3)
| ~ 1.310604

(0.00214242)(T50 - 208.186678)
18.149553

(0.08066587)(T90 - 311.36879)
22.988439
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d. Acetaldehyde mass emissions Tech4 =y ., =

Description Equation
Exp
intercept {-0.30025158 +
RVP (0.05984811)(RVP _-.__8_.707348) +
: 0.52813
Sulfur (0.00342614)(SULFUR - 174,036113) 4
137.356548
Aromatic HC (-0.0799839)(AROM - 28.6045 _66)‘ o+
7.848674
Olefin (0.01920116)(QLEE - 7.001772) +
4988003
Oxygen (0.12257203)(0OXY - 1.266843) +
' : 1.310604
T50 (0.11079701)(T50 - 208.186678) - +
18.149553 -
T90 (0.06243205)(T90 - 311.36879) ' +
22988439
BENZ (0. 08929885)( ENZ - 1.092985) }
0.563303
where

RVP, SULFUR, AROM, OLEF, OXYGEN, T50, and T90 are the values for the
candidate and reference specifications in the Table 7 worksheet.
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B. Percent Change in Potency-weighted Toxic Emissions

1. Calculation of VMT and ‘Potency-weighted Emissions for Candidate
Specifications ' : '

_ CEPM—CAND =

| ( [ (Vaz-recks )(VM TWF,) ] +[(yBZ—TECH4 WVMTWF, )] )x (P WTBZ)] +

| ( [ (YED-TECHS )(VM TWF;) ] "“[(YBD-TEcm VM W4 )] )x (PWTgp)

+

| ([(yF OFé'TECHC")(VMTWF?J)]+[(_yF0RvTEcH4)(VMW4)])X (P WTFOR)}+ |

([ Oace-recs VMTWF,) ] #{(Vace recns (VMTW, )] Jx P

where

CE pwrcano is the‘changé in PWT emissions for the candidate'speciﬁbat’tons. .

" Y apreen i the benzene emission for Tech 3 or Tech 4
Y soreen IS the 1,3-butadiene emission for Tech 3 or Tech 4
'Y roreck 1S the formaldehyde emission for Tech 3 or Tech 4
Y acetecn IS the acetaldehyde emission for Tech 3 or Tech 4

VMTWF, and VMTWF, are the VMT weighting factors for Tech class 3 and
Tech class 4 vehicles, respectively. These values are shown in Table 5.

PWF, is the potency weighting factor for toxic poliutant q provided in Table 8.
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2. Calculation of VMT and Potency-weighted Emissions for Reference
Specifications

CEpwrrer =

[([(yBZ-TEéHa)(VMTWF 3)] +[0’BZ-TECH4)(VM TWF4)])X (P WTBZ)] +
[ [(yBD TECH3)(VMTWF )]+[(yBD TECH4)(VMTVVF ) )X(PWTED)]
[ (yFOR-TECHS)(VM TWF, )] [(yFOR recrs K\VMTWF, )] )x (P WTFOR)]

(yACE recrs )(VMTWF )] [(yACE-TECH4 NVMTWF, )] )X (PWT e )]

where -
CE .wrrer is the change in PWT emissions for the reference specifications.

Y szmzci IS the benzene emission for Tech 3 or Tech 4

Y eorecy 18 the 1,3-butadiene emission for Tech 3 or Tech 4
Y roraecy IS the formaldehyde emission for Tech 3 or Tech 4
Y ace.tecy IS the acetaldehyde emission for Tech 3 or Tech 4

VMTWF, and VMTWF are the VMT weighting factors for Tech class 3 and -
Tech class 4 vehlcles respectlvely These values are shown in Table 5.

'PWF is the potency-we:ghtlng factor for toxic pollutant q prowded in: Table 8
3. Calculation of Percent Change in Emissions ‘'

% CE o, = percent change in potency-weighted toxic emissions

%CE,,, | PUTCAD _q ]x (100)

PWT-REF
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VI. DETERMINATION OF ACCEPTABILITY

If for each poilutant (NOx, HC, and potency-weighted toxics), the percent change in -
emissions between the candidate specifications and the reference Phase 2 RFG
specifications is equal to or less than 0.04%, then the candidate specifications are
deemed acceptable as an alternative to Phase 2 RFG. The candidate specifications

- must pass for all three categories — NOx, HC, and PWT - to be acceptable as an

alternative Phase 2 RFG. formulation;

%CE,,, < 0.04%,and
%CE, < 0.04%, and
%CEpyr < 0.04%.

_If the percent change in emission between the candidate specifications and the

reference Phase 2 RFG specifications is equal to or greater than 0.05%, then the _
candidate specuf catlons are. deemed unacceptable and _ay_oj be a substltute for

Phase 2 RFG.

If the candidate specifications are deemed acceptable the property values and the
comipliance options of the candidate specifications become the property vaiues and

- compliance options for the alternative gasoline formulation.
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Vil. NOTIFICATION OF INTENT TO OFFER AN ALTERNATIVE GASOLINE :
' FORMULATION

A producer or importer lntendmg to seII or supply an alternatlve gasollne formulatlon of ;

California gasoline from its production facility or import facility: shaII notlfy the. executwe
officer in accordance W|th 13 CCR section 2265(a)

Table 9 Alternatwe Specn‘" catlons for Phase 2 RFG Usmg the California Predictlve, -
Model Notlf cation has been provided as an example of the minimum mformatlon
requ:red
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Table 9
Alternative Specifications for Phase 2 RFG
Using California Predictive Model Notification

Name of Producer/Importer: Facility Location:

Name of Person Reporting: _ Telephone No.: _
Date/Time of This Report: ___ . |.D. of 1st Batch with this Specification:

wr 4] California gasoline transfered from this facility will meet the specifications listed below until the
next Alternative Specifications report to the ARB. ' _ '

w Fuel properties that will be averaged will report the "Designated Alternative Limit and volume of
gasoline report” separately to the ARB. '

Fuel ' Candidate Compliance | Reference Fuel:
Property:. Fuel: Option: Phase 2 RFG Property Value
Fuel Property | Flat or ‘Flat | Average
Value Average ' '
RVP . 700 | - Fiat . 7.00 -1 . None
‘Sulfur b - | 40 30
Benzene . . - 1.00 ' - 0.80
| Aromatic HC : | 250 220
Olefin 6.0 4.0
) “(min.) ~ {min.)
Oxygen Fiat Range ' None
{max.) - . (max.)
T50 | | o 210 | 200
TS0 ' 300 290

' If the oxygen content range for the candidate spepification is 2 1.8 and £ 2.2, the candidate and
reference oxygen property value used in the predictive model equation is 2.0. For all other cases, see
Table 6 in the Predictive Model Procedures. ,

Pollutant’ Percent Change in Emissions

%CE canp
%CEger

- }(100)

f Oxides of Nitrogen

Hydrocarbons

Potency-weighted Toxics

' If one or both O)Sy?en specifications are outside the 1.8-2.2 volume percent range, a %CE
must be reported for both the minimum and maximum specifications. ' '

T Please FAX this repéﬂs to the ARB at (916)445-5745 T
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Table 10 ‘
Standardization of Fuel Properties - Mean and Standard Deviation

1.365963 0.444768

36

Tech 3
‘Std. Dev.
RVP 8.651418 |  0.580438 8707348 0.52813 |
Sulfur 193574245 | 130.374657 . | 174.036113 | 137.356549 |
Aromatic HC |  30.067805 | 0401877 | 28604566 |  7.848674 |
Olefin | 834672 5.873768 7001772 |  4.988003 |
| " Oxygen 0912512 | 1249809 | 1.266843 |  1.310604
| Ts0 211.338086 |  17.374327 | 208186678 | 18.149553
T90 315.830826 |  25.604736 | 311.36879 |  25.988439
IEnzene | _1.092985

0.563303 ||



Table 11

Coefficients for NOx and HC Equations

—-

Tech 4——_"

Pollutant Tech 3

Emission NOXx HC NOX HC

Intercept -0.15597638 | -0.79454695 | -0.58546115 | -1.18303868

RVP -0.01671797 | 0.004470126 | 0.03005909 | -0.00850444

Sulfur 0.01785987 | 0.001933575 | 0.050086115 | 0.116903682

Aromatic HC 0.05428291 | -0.03844685 | 0.004154304 | 0.001368326

Olefin 0.02292342 | -0.02100516 | 0.0250949698 | -0.0068737

Oxygen 0.01439508 | -0.02735656 | 0.011321599 | -0.01035001

T50 -0.01161378 | 0.010253527 | 0.00195233 | 0.076436841

T90 0.00341764 | 0.017858355 |  -0.00820391 | 0.038947849

RVPT50 -0.01626671

RVPOXY | 0.006283521

SULARO -0.04053717 |

AROARO -0.01197286
I AROOXY -0.00579379 |

AROT90 -0.0097818 | 0.018225949 0.012076013

OXYOXY 0.013486985 |

OXYT90 | | 0.015107193

T50T50 0.025807977

T50T90 0.00857682 |

T90T90 o 0.018209586
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.. Table 12

Coefficients for Toxics Equatiéns

Tech 3'

i Pol!ut?nt
| Emission
: - Benzene Butadiene Formaldehyde | Acetaldehyde

Intercept ' 2.98444988 |  0.55265837 2.06596608 0.99348033
| rvP 0.00012084 | -0.11048744 |  0.02179558 |  0.00386954
lSquur © 0.06702145 |  0.12662294 -0.18622636 0.04468183
Aromatic HC 0.11271704 | 0.04922477 | ~ -0.1265364 -0.1417:6068'
Olefin 0.0262828 0.12457297 | - 0.00492199 "0.03247264'_:“
Oxygen 0.00010461 | -0.01861222 0.17601939 |  0.11153843
T50 0.07400871 | -0.04669652 0.06301058 0.10500375
T90 .0.03666419 |  0.1898306 -0.04218807 |  -0.02459286
Benzene 0.13158634 | | | |
i Pollutant Tech 4

: Emission | S

3 Benzene | Butadiene Formaldehyde | Acetaldehyde
intercept 207694733 | -0.12216754|  0.57054336 -0.30025158 ||
RVP 0.0205809 | 0.0235653 0.00037903 0.05984811
Sulfur 014014755 | 0.05667595 |  -0.04718751 |  0.00342614 |
Aromatic HC |  0.17375044 | -0.04969117 -0.07461695 |  -0.0799839 . ’
Olefin 0.02072724 | 0.43697093 |  0.01552007 0.01920116 |
Oxygen 0.02074571 |  0.00190223 0.07852042 |  0.12257203 '1
T50 0.04810616 |  0.05848709 0.00214242 0.11079701
T90 0.00084762 |  0.08820685 0.08066587 0.06243205 1

@ne | 0.14364029 | L 0.08920885
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DESCRIPTION OF EMISSIONS TEST PROGRAMS INCLUDED IN THE
CALIFORNIA PREDICTIVE MODEL WORKING DATABASE

This Appendix describes the emission test programs that were included in the California
predictive model working database. The purpose of these test programs was to determine the
effect of fuel property changes on vehicle exhaust emissions. All of the studies involved

. actual vehicle tests in which vehicles fueled with gasolines of known composition were driven
- at prescribed conditions over prescribed driving schedules. Emissions were measured and fuel

property effects were estimated using standard mathematical analytical techniques. The fuel
properties varied in the test gasolines included the Reid vapor pressure (RVP), sulfur,

- aromatic hydrocarbons, olefins, benzene, T50 and T90 distillation temperatures, and oxygen.

The vehicles tested were representative of the four Tech classes, described in Chapter I,
Table 1, of the staff report. The majority of the vehicles tested were in the Tech 3 and 4

- ¢lasses. Table 1, at the end of this Appendix, lists the emission test programs and the number o

of data points within each Tech class.
1. USEPA-Emission Factors

The USEPA Emission Factor Database contains test results that were accumulated on a

‘continuous basis for a period of several years. The database contains the results of tests that
‘were primarily conducted to investigate the effects of RVP, different oxygenates, and oxygen

content on emissions. The results were used to develop the USEPA’s analysis of the effects
on emissions of using oxygenate gasoline blends in non-attainment areas. The test results
were also used in the development of USEPA’s vehicle emissions model.

Vehicles were removed from service and tested on various commercial unleaded
gasolines, certification fuels, and oxygenated blends. The oxygenated blends contained
ethanol, methyl-tert-butyl-ether (MTBE), and ethyl-tert-butyl-ether (ETBE). The oxygen
content of the oxygenated blends ranged from about 2.0 to 3.7 weight percent. Vehicles of all
emission control technology classes were included in the testing. Recently, USEPA has
focused its testing on vehicles with the adaptive control systems. Currently there are over
1,500 observations in the USEPA emission factor database. '

2.  Auto/Oil Program AMOT Study

This testing program consisted of two stages. The first stage evaluated late model
vehicles; the second stage evaluated older model vehicles.

The purpose of the first stage of this testing program was to determine the effects of

- gasoline aromatic hydrocarbon content, olefin content, oxygen content, and T90 on emissions
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from late model year vehicles. Exhaust emissions (including detailed emissions speciation
profiles) were measured as a function of gasoline composition in a fleet of 20, 1989 model
year vehicles. The 20 car ﬂeet was comprised of two cars from each of ten different vehicle
models

A total of 18 different gasolines were tested. The 18 gasolines consisted of 16 gasolines
in a 2x2x2x2 factorial experimental design, a gasoline representative of the current industry
_average gasoline; and a gasoline representing new vehicle certification fuel. The fuel
parameters in the 2x2x2x?2 factorial design were aromatic hydrocarbon content, olefin content,
MTBE content, and T90. Other fuel parameters thought to influence emissions were held
approximately constant. For the fuels that make up the factorial design, the high values for -
the aromatic hydrocarbon content, olefin content, MTBE content, and T90 were 45 volume
percent, 20 volume percent, 15 volume percent, and 330 degrees fahrenheit (°F), respectively:
The design low values for these four parameters were 20 volume percent, five volume
percent, zero volume percent, and 280°F, respectively. The sulfur and benzene contents for
the fuels that make up the factorial design were about 300 parts per million by weight -
(ppmw) and 1.43 volume percent, respectively.

The purpose of the second stage of the testing program was to determine the effects of
gasoline aromatic content, olefin content, oxygen content, and T90 on emissions from older
model year vehicles. The fuel matrix used in this test program was the same as that used in
the first stage described above. The test fleet consisted of 16 vehicles. The model years of
these vehicles were 1983, 1984, and 1985. The fleet was composed of two vehicles from
each of eight different models. Detailed emissions speciation proﬁles were measured in this .
test program also. ' :

3. AutolOil-Sulfur-PhaSe 1

The purpose of this testing program was to investigate the influence of gasoline sulfur
content on emissions. . Ten of the vehicles tested in the Auto/Oil Current Fleet program were
tested on two gasolines having sulfur contents of 466 ppmw and 49 ppmw. Other properties
of the fuels considered to be important from an emissions standpoint were held approximately
constant. Aromatics content was about 26.5 volume percent, olefin content was about 2.5 .
volume percent, T90 was about 318°F, and RVP was about 8.8 pounds per square inch (_p51)

— 4. | Auto/Oﬂ-Sulfur—Phase 2

The purpose of this testing program was to investigate the effects of fuel sulfur content
on exhaust emissions, toxics emissions, and ozone-forming potential of emissions. Ten of the
vehicles tested in the Auto/Oil Program AMOT Study (Stage 1) were tested on five gasolines
with variable sulfur contents. The vehicle test fleet was composed of the same vehicles that
were tested in the Phase 1 program. Emissions of criteria pollutants (mcludmg spemated
profiles) and toxics were measured.
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The five gasolines had sulfur contents of 44 ppmw, 138 ppmw, 258 ppmw, 350 ppmw,
and 443 ppmw respectively. The testing of five fuels with variable sulfur levels allowed a
more accurate response curve to be developed than in the Phase 1 sulfur test program.
Non-linear responses due to sulfur changes were able to be detected. All other fuel
parameters considered to be important from an emissions standpoint were approximately
constant. Aromatics were about 25 volume percent, MTBE was about 11 volume percent,
olefins were about 1.1 volume percent, T90 was about 300°F, and RVP was about 8.9 psi.

5. Auto/Oil Low Sulfur

The purpose of this testing program was o investigate the influence of low sulfur levels
on emissions. The vehicle test fleet consisted of ten 1985 model year cars, and ten cars that

~had been tested in the Auto/Oil Program AMOT Study (Stage 1). The three different levels

of sulfur used were 11 ppmw, 28 ppmw, and 50 ppmw. Other properties of the fuels
considered to be important from an emissions standpoint were held approximately constant.
The values of the other properties were: (1) RVP of 9.3 psi; (2) T50 of 167°F; (3) T90 of
303°F; (4) aromatics hydrocarbons of 24.5 volume percent (5) olefins of five volume percent;

- and (6) no oxygen.

6. Auto/Oil—RVP/Oxygenates

This study evaluated the effects of reducmg RVP one psi and individually adding the
oxygenates ethanol, MTBE, and ETBE. The effects of aromatic hydrocarbon content, RVP,
and oxygenate content on emissions of toxics and criteria pollutants were evaluated for the
fleet of 20 current model year vehicles. These were the same vehicles used in the Auto/Qil
Program AMOT Study (Stage 1).

A total of 11 fuels were included in the test program. Four fuels contained no oxygen
and were considered to be base fuels. These four fuels were arranged in a 2x2 factorial
design with aromatic hydrocarbon content at 32 and 20 volume percent and RVP at eight and
nine psi. Four fuels contained ten volume percent ethanol. These four fuels were arranged in
a 2x2 factorial design with aromatics at 32 and 20 percent and RVP at nine and ten psi. Two

- fuels contained 15 volume percent MTBE and 20 volume percent aromatic hydrocarbons, and
- RVP of eight and nine psi. The final fuel had an RVP of nine, and contained 17 volume

percent ETBE and with 20 volume percent aromatic hydrocarbons. The sulfur contents of the
fuels varied from about 250 ppmw to about 360 ppmw. Emissions of criteria pollutants and
toxics were measured. Emissions speciation profiles were also obtained.

7. Auto/Qil-MTBE and TAME

The objectives of this Study were to compare the effects of MTBE and tert-
amino-methyl-ether (TAME) on hydrocarbons, carbon monoxide, oxides of nitrogen, toxic air



pollutants, and exhaust emissions; and to compare the effects on ozone-formmg potential and
the specific reactivity of exhaust and evaporatlve emissions.

Test fuels containing 11.5 volume percent of MTBE or 12.7 volume percent of TAME
(both are approximately equivalent to 2.9 weight percent oxygen in the fuel) were evaluated -
in ten vehicles used in the Auto/Oil Program AMOT Study (Stage 1). The fuels were blended
“in a base fuel representing Federal emission certification fuel. The base fuel was the same as
that used in the Auto/Oil sulfur studies.

8. Auto/Oil Heavy T90 - Heavy Hydrocarbons

The objective of this testing program was to look at the effect of T90 on emissions.
Analyses were performed on emissions from cars running on gasolines with heavy
hydrocarbons. The three objectives of this study were: (1) to investigate whether the T90
effect is due to distillation properties or compositional changes which affect distillation
properties, (2) to determine whether the T90 effect observed in the original two-level study is
linear or nonlinear, and (3) to design the experiment such that the results would be relevarit to
current refinery technology while also providing information of a more fundamental nature
that could be applied to future refinery technology.

~ The vehicle fleet consisted of ten 1989 model year vehlcles operating on 26 fuels of
differing heavy hydrocarbon composition. :

9. GMICARB/WSPA—Drlveablllty

This testing program was a cooperative effort between the Air Resources Board (ARB),
the Western States Petroleum Association (WSPA), and General Motors (GM). The objective
of the program was to investigate the independent effects of RVP and Driveability Index (DI)
on emissions, Tests were conducted at two different ternperatures. Exhaust emissions, . -
including emissions speciation, were measured. : E

Twenty cars were tested on six gasolines. The 20 cars consisted of five cars from each
of four different emissions control technology groups. The four groups were pre-1975 non--
catalyst vehicles; 1975-1982 oxidation catalyst vehicles; 1981-1985 three-way catalyst vehicles -
without adaptive learning; and 1987-1990 three-way catalyst vehicles with adaptive learning.

The six gasolines consisted of four gasolines described by a 2x2 factorial design with
RVP and DI as variables, one base gasoline, and one high DI gasoline. The four gasolines in
the 2x2 factorial matrix had design RVP levels of about 7.7 psi-and 6.9 psi ‘and-design DI
levels of about 1090 and 1020. Actual values for these parameters were slightly different
from the design values. . The base gasoline had properties similar to unleaded gascline
currently being used in California and had a DI of about 1200. The high DI gasoline had a-
DI of approximately 1266. The four gasolines in the 2x2 matrix had about 11 volume percent
MTBE, 24 volume percent aromatic hydrocarbons, and 1.2 volume percent benzene. The
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high DI gasoline also had about 11 volume percent MTBE. The base gasoline and the high
DI gasoline had aromatic hydrocarbons contents of about 35 percent. All gasolines in the test
program had sulfur contents of about 200 ppmw.

10.  API RVP/Oxygenate Program

The purpose of this testing program was to investigate the influence of RVP,
oxygenates, and ambient temperature on emissions. Eleven cars, eleven fuels, and three
temperatures were included in the test matrix. The fuel matrix consisted of four 13 psi RVP
fuels, five nine psi RVP fuels, one ten psi RVP fuel, and one seven psi RVP fuel. The 13
and nine RVP groups of fuels included a non-oxygenated base fuel, a ten volume percent
ethanol blend, a 15 volume percent MTBE blend, and a 7.5 volume percent MTBE blend.

" One nine RYP fuel was a 17.1 volume percent ETBE blend. The fuels with RVP values at
seven and ten psi contained no oxygen. Other important fuel properties varied little among
the fuels.

Nine of the 11 vehicles were three-way catalysts and two were oxidation catalysts.
 Seven of the three-way catalyst vehicles were closed loop, and two were open loop Tests
- were conducted at 80°F, 55°F, and 35°F. Tests with all fuels except the ten psi RVP fuel
‘were conducted at 80°F. Tests with all fuels except the 17.1 volume percent ETBE fuel were
conducted at 55°F. Tests with all fuels except the 7.5 volume percent MTBE fuels, the 17.1
percent ETBE fuel, and the 7 RVP fuel were conducted at 35°F.

11. API-Aromatic Hydrocarbons

This study investigated the effects of a number of fuel properties on emissions. Ten cars
were tested on nine fuels in this study. All of the cars tested were post-1985 model year cars
(Tech 4 cars). None of the fuels tested contained oxygenates. The RVP’s of the fuels in this
study ranged from 8.1 to 8.9 psi, the aromatics contents ranged from 32 to 37 volume percent,
the olefins contents ranged from five to nine volume percent, the sulfur contents ranged from
42 ppmw to 339 ppmw, the T50’s ranged from 218°F to 243°F, and the T90’s ranged from
313°F to 353°F.

12. Chevron-Distillation

Chevron has conducted four test programs to investigate the effects of fuel properties on
emissions. These four test programs were primarily designed to investigate the effects of
distillation properties on emissions. However, other fuel properties were varied in these tests,
and the results provided insight to the effects on emissions of these other properties.

The first program conducted by Chevron investigated the effects of large differences in

the distillation characteristics of gasolines. This program was primarily intended to serve as a
screening program and as a guide in the planning of future test programs.
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- The first program tested six fuels in two cars. The first fuel was a totally paraffinic -
gasoline with an RVP of about 7.3 psi: The DI of this fuel was about 1122. The second fuel
was made by adding 30 volume percent toluene to the first fuel. The total aromatic content -
of this-fuel was about 32 volume percent and the DI was about 1107. The RVP of this fuel
was about 8.5 psi. The distillation properties of the first two gasolines were similar .7+
throughout much of the distillation range. A third gasoline was created by replacing half the
toluene in the second fuel with a heavy reformate stream.. As a result of this-addition, the
RVP decreased to about 8.0 psi and the DI increased to about 1237. Most of the DI.increase. -
occurred in the mid and heavy portions of the distillation curve. The fourth fuel tested was:
the certification fuel indolene. - The fifth fuel was a commercial unleaded gasoline.” The'_si;ﬁh-_
fuel was made by removing from the fourth fuel the gasoline portion which boiled above -
270°F. As a result, the sixth fuel had a very low DI (approx 931) The test ﬂeet con51sted i
of one 1987 and one 1989 model year vehicle. -

The second test program tested seven fuels in five vehicles. This program was deSi-g'hedE.
to investigate the independent effects on emissions of gasoline aromatics content and DI. A
seven fuel matrix was created in-which these two fuel parameters were varied inidependéntly.
Four of the fuels in the matrix were represented by a 2x2 matrix with design aromatics levels
of 20 and 40 volume percent and design DI levels of about 1000 and 1250. Actual values - -
differed slightly from these levels. The fifth fuel was indolene. The sixth fuel was a low- -
aromatics (5.2 volume percent) high DI (1218) fuel. The seventh fuel was a low aromatics - ;
(10.5 volume percent), low DI (1090) fuel with 11 volume percent MTBE. Four 1989 model.
year vehicles and one 1987 model year vehicle were tested in this program.

The third program tested two fuels in 20 vehicles. The two fuels included a premium
unleaded fuel representative of unleaded: fuel used in Southern California during the summer -
and a reformulated gasoline designed to reduce exhaust and evaporative emissions.. The \
reformulated gasoline confaineéd 11 volume pércent MTBE, had a lower RVP {7.5-psi:vs. 8.5 -

" psi), and a lower DI (1125 vs. 1232) than the Southern. California unieaded gasoline.. The20
vehicles consisted of five vehicles from each of four categories represented by.different ¥
exhaust emissions control technologies. The four catégories were: non-catalyst,. ox1dat10n - F',.-'}
catalyst, three-way catalyst, and three-way catalyst with adaptive learning. SR aEA

The fourth program tested four fuels in eight vehicles. Two of the fuels weré the same
two fuels used in the third program. The third fuel was a standard FTP emissions test fuel.
The fourth fuel was similar to the reformulated gasoline used in the third test program, except
that the reformulated gasoline’ used in-this test program did not contain any oxygenated -
compounds. The eight vehiclés tested in this program:were a subset of the 20 vehicles tested

"in the third .program. Two cars from-each of the four technology groups were tested... . -

13. Unocal-RFG

There were three objectlves of the UNOCAL program These were, to: 1) determme
which fuel properties influence emissions; 2) develop a mathematical relationship between
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emissions and fuel properties; and 3) verify the predictive abilify of the relationship on an

independent sample of vehicles. The UNOCAL testing program was conducted in three
phases to address each of the three objectives.

Initial testing was performed on one car to determine the fuel properues that influence
ermssmns Testing was then performed on ten cars to develop a predictive model. Finally,
tests were performed on 13 cars to verify the predictive ability of the model.

In the single car test program, a 1988 vehicle was tested on 15 gasolines in which ten
properties were independently varied. These properties were aromatic hydrocarbon content,
olefin content, paraffin content, MTBE content, research octane number, motor octane

_-number, ten percent distillation temperature, T50, T90, and RVP. For this car, correlations

were developed between emissions and fuel properties.

In the ten car test program, 1984 -1990 model year vehicles were tested. The ten caré

‘were tested on 15 different gasolines in which ten fuel parameters were independently varied.

The varied parameters were the same as the ones that were varied in the single car test

-program. The actual properties of the gasolines were different from those in the single car

test program.

The 13 car test program was conducted to vérify the predictive ability of the regressions
developed from the ten car program. A reformulated gasoline was produced which, according

" to regression predictions, would result in a 15 percent reduction in hydrocarbon emissions

compared with the Federal Clean Air Act reference gasolme The 13 cars were then tested on
these two gasolines to determine if the hydrocarbon emissions reductions predicted by the

_ regressions would result. The fleetwide average hydrocarbon emissions and carbon monoxide

emissions were reduced about 13 percent and 15 percent. No statxstxcally s1gn1ﬁcant change
in NOx emissions was observed

14. Niper-Benzene

The purpose of this testing program was to investigate the influence on emissions of
benzene and other aromatic compounds in gasoline. The test program was conducted in three
phases. Five cars were tested in each phase.

- Phase 1 tests were conducted to determine if individual aromatic species influenced
benzene emissions. Six fuels were tested in Phase 1. These fuels included an aromatic-free,
alkylate stock and five aromatic hydrocarbon blends made by blending the alkylate stock with
the individual aromatic hydrocarbon streams of five volume percent benzene, ten volume
percent toluene, five volume percent ethyl benzene, ten volume percent oxylene, and ten
percent reformate containing mostly C9 and higher aromatic hydrocarbons.

Phase 2 tests were conducted to develop predictive equations that relate benzene
emissions to the presence of various aromatic compounds in gasoline. Nine fuels were tested
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in the Phase 2 tests. The nine fucls were made by blending into the alkylate stock various
amounts of the four individual aromatic hydrocarbon streams used in the Phase 1 tests. The
experimental design represented by the blends was a fractional factorial with four factors
(aromatic compounds) each at three levels. The three levels for the four aromatic
hydrocarbon streams were: benzene of 1,2,3 volume percent; toluene of 5,10,15 percent;
ethyl benzene of 1,3,5 percent; and xylenes of 5,10,15, volume percent. Each of the nine
fuels contained ten percent.C9 and higher aromatic hydrocarbons. Total aromatic
hydrocarbons ranged from 22 to 46 volume percent.

Phase 3 tests were conducted to validate the predictive ability of the regressions
developed in Phase 2. Four fuels were tested in Phase 3. These fuels included the
certification fuel indolene, two commercial gasolines, and a fuel made at NIPER. The four
fuels had a wide range of the five aromatic streams included in the Phase 1 and 2 tests.: Total
aromatic hydrocarbons ranged from 23.6 to 47.8 volume percent.

15. CARB/ATL-Oxygenates

The purpose of this testing program was to investigate the effects of oxygenates, ambient
temperature, and driving cycle on emissions. Thirteen vehicles, ten fuels, three ambient
temperatures, and three driving cycles were included in this program. The fuel matrix

included five summertime and five wintertime fuels. .

The summertime fuels consisted of a nominal 7.6 psi RVP non-oxygenated mdustry
average base fuel and four oxygenated blends. Two of the fuels were nominal 7.6 RVP, 2.0
weight percent oxygen, MTBE and ETBE blends, blended from the base fuel. The other two '
summertime blends were a nominal 7.6 pst RVP; 2.0 weight percent oxygen ethanol blends,
blended from the base fuel, and.a nominal 8.8 psi RVP, 2.0 weight perccnt oxygen ethanol
blend, splash blended from the base fuel.

The wintertime fuels consisted of a nominal 9.7 psi RVP fuel and four oxygenate
blends. Two of the blends were nominal 9.7 psi RVP, 2.7 volume percent oxygen MTBE and
ETBE blends, blended from the base fuel. The other two wintertime blends were a nominal
9.7 psi RVP, 2.7 weight percent oxygen ethanol blends, blended froin the base fuel, and a
nominal 11 psi RVP, 2.7 weight percent oxygen blend, splash blended from the base fuel.

The vehicle fleet consisted of one flexible-fueled vehicle with multi-port fuel injection,
closed-loop three-way catalyst with adaptive learning system and two vehicles from each:of
the following six emissions control technology groups: 1) pre-1975 model year (non-catalyst
vehicles); 2) 1975-1978 carbureted, open loop, oxidation catalyst vehicles; 3) post 1981, -
carbureted, closed loop, three-way catalyst vehicles; 4) post 1981, throttle body injected, ...
closed loop, three-way catalyst vehicles; 5) post 1987, closed loop, multi-port fuel injected,
three way-catalyst vehicles; and 6) post 1987, closed loop, multlwport fuel m_]ected three-way
catalyst vehicles with adaptive learning.



Tests with all 13 cars, using the wintertime fuels, were conducted at 50°F and 75°F.
Tests with all 13 cars using the summertime fuels were conducted at 75°F and 95°F.

Three driving cycles were used in this test program. These cycles were the Federal test
procedure (FTP), the highway fuel economy test (HFET), and the New York City Cycle
(NYCC). These cycles differ mainly in the accelerations, decelerations, and average speeds.
Each of the tests specified in the test matrix were conducted using each of the three test
cycles.

16. Arco-EC-X

The ARCO test program was conducted as the basis for the development of ARCO’s

EC-X reformulated gasoline. ARCO conducted an independent analysis of the test results

from the Auto/Oil test program to determine the properties that have the greatest influence on

- . emissions. Based on its analysis and on the results of = refinery planning model used to

predict future refinery configurations and gasoline pooi zompositions, ARCO developed four
different reformulated gasolines which were expected to result in lower emissions. All four

- gasolines had lower aromatic hydrocarbons contents, RVP, o'zfin content, T90, and sulfur

content than the baseline gasohne which represented the indusay average gasoline. All four -

~ gasolines contained MTBE in levels from 13.8 to 15.4 volume percent. ARCO then tested the

four reformulated gasolines and the reference gasoline on a fleet of ten, 1990 model year
vehicles. Speciated emissions results were obtained.

17. Arco T50/T90 Study

The purpose of this testing program was to investigate the influence of varying levels of .
T50 and T90 on emissions. Aromatics, MTBE, olefins and RVP ‘were held constant. Sulfur
levels varied between 50-110 ppmw, T50 between 186-207°F, and T90 between 288-316°F.
The vehicle fleet consisted of nine different cars tested on four different fuels.

18. Auto/Qil Methanol

This study evaluated the effects of methanol/gasohne mixtures on vehicle emissions from
a fleet of 19 pre-1990 prototype flexible/variable-fueled vehicles. A set of three fuels
comprised of Auto/Oil industry-average gasoline and two methanol/gasoline blends (M10 and
M85) containing ten volume percent and 85 volume percent methanol (M10 and M85) were .
used. An Auto/Oil industry average gasoline fleet was used as the gasoline reference fleet.
Fuels used in this fleet were Auto/Oil industry average gasoline and research reformulated
gasolines. Exhaust, evaporative and running loss emissions were measured and used in air
quality models to calculated impacts on ozone and toxic air pollutants.
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19. USEPA/ATL-Phase I/Il Reformulated Gasoline/Oxygenated Blend Study .

The purpose of this program was to investigate the effects of oxygen content, reduced
RVP, reduced T90, and reduced sulfur content on emissions. In this program, 34 vehicles
were tested on nine gasolines. The fuel matrix include three baseline fuels and six
reformulated fuels. The baseline fuels were an industry average (non-oxygenated) gasoline,
an indolene fuel, and a high sulfur (210 ppmw) indolene fuel. Five of the six oxygenated
gasolines contained a nominal 11 volume percent MTBE. The other oxygenated fuel
contained ten volume percent ethanol. In the five MTBE blend group, one fuel had a low
RVP (8.1 psi), one fuel had a low T90 (278°F), one fuel had low sulfur (61 ppmw), one fuel
had low RVP, T90, and sulfur (7.9 psi, 274°F, 81 ppmw), and one fuel had RVP, T90, and
sulfur values typical of existing MTBE blends outside of California (i.c. 8.8 psi, 330°F, 275
ppmw). The aromatics and olefin contents of all oxygenated fuels were approximately -
constant at the Federal Clean Air Act specifications. i :

All of the vehicles tested in this program were 1987 or later model-year vehicles,
Twenty-two of the vehicles were considered to be normal emitters, three were considered: to.:
be high emitters, eight were considered to be very high emitters, and one was considered to
be a super high emitter. All vehicles, except five of the normal emitters, were three-way
catalyst vehicles. ' ' SR

20. ARB/GM Confirmation

The ARB, in cooperation with GM, conducted a test program designed to confirm the
results of ARCO’s EC-X test program. In this test program, nine cars were tested on
ARCO’s EC-X and on the reference:fuel A (RF-A) of the Auto/Oil test program. - Exhaust
emissions, including emissions speciation, were measured. The nine cars were from four
different model year groups: pre-75, 1975-1980, 1981-1985, and 1986-1990. Except for the.
1975-1980 group, each group contained two cars. The 1975-1980 group contained ‘three cars.
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List of Emission Test Studies

Table C-1 -

EPA DATA
BASE

# of
datapoints

ARB DATABASE
# of datapoints

Tech 4

Tech 3

Tech 2

Tech 1

TOTAL

1. USEPA Emission Factors - desighed to examine the
effect of oxygenates on emissions.

860

1172

340

0

1512

2. Auto/Qil Program AMOT Study - designed to
examine the effects of aromatics, olefins, T90, and

oxygen on emissions.
Ref: Tech Bulletin #1

865 .

962

698

1660

3. Auto/Oil-Sulfur-Phase I - designed to examine the
sulfur effects for Phase 1
Ref: Tech Bulletin #2

270.

300

300

4. Auto/Qil -Sulfur-Phase II - designed to examine the
sulfur effects for Phase 2 '
Ref: Tech Bulletin #8

201

224

224

5. Auto/Oil Low Sulfur

109

109

6. Auto/Oil-RVP/Oxygenates - designed to isolate the

effects of MTBE, ETBE, and ethanol at different RVP

“~vels on emissions ’ '
f: Tech Bulletin #6

425

an

471

7. Auto/Oil-MTBE TAME - designed to investigate the
effects on emissions when using TAME as the
oxygenate.

Ref: Tech Bulletin #9

72

80

80

8. Auto/Oil-Hvy T90-Heavy Hydrocarbons - which
were designed to investigate the effects of E200 and
E300 on exhaust emissions.

556

617

617

9, GM/WSPA/CARB Driveability - examined effects of
RVP, the driveability index, and different oxygenates on
emissions.

30

60

60

60

54

234

\\

10. API RVP/Oxygenate - designed to determine the
effect of RVP, different oxygenates, and temperature
variation on emissions.

34

112

42

154

11. API/Aromatics Hydrocarbons - designed to analyze
the effects of different types of aromatics on emissions.

230

212

212

12. Chevron Distillation - examined the effects of TS0,
T50, T10, driveability index, aromatics, and RVP on
emissions.

270

306

69

54

20

449

13. Unocal-RFG - designed to study the effects of T10,
'50, T90, fuel octane, oxygen content, paraffins, olefins,

I VP and aromatics on emissions.

462

452

176 -

67

49

744
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ARB DATABASE

C-12

STUDY EPA DATA TOTAL
BASE # of datapoints
# of
datapoints.
Tech 4 Tech 3 Tech 2 Tech 1
14. NIPER-Benzene Precursor Study-investigate the 72 18 0 0 90
influence on emissions of benzene and other aromatic .
compounds in gasoline L :
i5. CARWATDOxygénatm - Desigried to investigate 139 60 39 19 257
the effects of oxygen and oxygenates at different ‘
temperatures '
16. ARCO EC-X 138 138 0 o 0 138
17. ARCO T50/T90 73 73 0 0 0 73
18. Auto/Qil Methanol - 39 10 0 0 39
19. EPA/ATL-Phase J/II 960 s fo 0 o |27
‘ (1-280 ‘
11-680)
20. ARB/GM Confirmation 24 24 18 7. 183"
| _ TOTALS | 5446 | 5840 1487 238 | 159 7724 ||
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- DEVELOPMENT OF THE CALIFORNIA PREDICTIVE MODEL

This Appendix describes in detail the California predictive model. We will discuss the
following topics: (1) the statistical approach used to develop the model, (2) how we combine
the individual equations to develop the final equations for hydrocarbons, oxides of nitrogen,
and toxic air contaminants, (3) how we use the final equations, and (4) how we evaluated the -
model. _

A. BACKGROUND

The California predictive model is based on statistical analysis of the Air Resources
Board’s (ARB) working database. A set of equations was developed using standard statistical
techniques to relate specific properties of the gasoline used in vehicle tests to exhaust

_emissions. Each equation represents a "best-fit" line or curve explaining the relationship -

between the fuel properties and exhaust emissions.

We developed equations for six different pollutants for each of two different classes of

vehicles. The first class of vehicles represents the 1981 through 1985 model years. The

second class of vehicles represents 1986 through 1995 model years. Of the four technology
classes, the data that makes up these two technology classes were the most extensive and best

~ represent the effects alternative gasoline formulations will have on the emissions from future

gasoline-powered low-emission vehicles. Table D-1 identifies the individual equations that
were developed.

Individual equations were combined to yield three final equations. The first equation
will determine the change in éxhaust emissions of hydrocarbons, the second will determine the
change in exhaust emissions of oxides of nitrogen, and the third will determine the change in

- the combined exhaust emissions of four toxic air contaminants. Collectively, we refer to these

three equations as the California predictive model. The method used to combine the
individual equations into the final equations is discussed in Section C of this Appendix.



Table D-1.

Summary of Individual Equations Developed

Pollutant - Individual
Equations Developed

Tech Class 3 Tech Class 4

Hydrocarbons X 1 x
Oxides of Nitrogen X | X I
Benzene X X I

" 1,3-Butadiene X X

_ Formaldehyde X X
| ~Acetaldehyde X X |

B.  STATISTICAL APPROACH

The statistical approach involves defining the mathematical form of the. equatlons
estimating the regression coefficients, and sm:lphfymg the equations.

1. Wha; is the. mathqnatica_l form of each equati'q)n?

The Califorriiia' predictive model is a set of lineai' e,qﬁatiéﬁé[ A hnearregressmn

equation approximates the unknown underlying process represented by the data. The linear =

regression equation is the most common type of statistical approximation used to estimate

emissions based on fuel properties. Each linear regression equation is used to estimate the
emissions from an average motor vehicle given specified fuel properties. In mathematical
notation, a linear regression equation may be written as:

E = AQ + A1*P1 + A2*P2 + ... + Am*Pm

In this equation, "E" represents the vehicle emissions and is the "dependent” variable. The
dependent variable is estimated from the values of one or more "independent" variables. In
this case, the independent variable is the fuel property (P1, P2...Pm). The regression
coefficients (Al, A2, ... Am) are estimated from a maximum likelihood-best fit to the data
and best explains the relationship between the emissions and the fuel properties.
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Linear regressions and other types of statistical relationships are often referred to as "models.”
In our statistical approach, we considered a model that includes both "fixed" effects and
"random" effects. The following discussion explains what these terms mean and why we
believe it is important to consider both effects.

We know that the emissions from a motor vehicle will change if you change the value
of an individual fuel property. If there were no other variability except that associated with
the change in the fuel property, we would be able to accurately determine what that effect
was if we tested the entire population of vehicles. This response would be the average
response of the population. The average response is called a "fixed" effect. The regression -
coefficients in the linear regression equation are our best estimates of the fixed effects. In
other words, these regression coefficients are our best estimates of the average responses of a
class of vehicles to a unit change in a fuel property.

We also know that the emissions from individual vehicles have relationships with fuel -
properties that may differ substantially from the average relationship. For example, we know

- that the ger.zral levels of emissions vary from vehicle to vehicle and are not necessarily

representative of the population average response. In addition, we know that the effect on
emissions of changing a fuel property may differ from vehicle to vehicle. We refer to these
effects as "random" effects because the results are dependent upon the selection of vehicles
used to test. Selection of a different set of vehicles may result in different responses. Since

it is impractical to test all vehicles, it is important to account for "random" effects.

We selected a statistical approach that considers both fixed-effects and random effects.
This model is called a "mixed-effects" model. There are several advantages to the use of the
mixed-effects model. First, the mixed-effects model contains both fixed terms which
represent the population average response and random terms which represent the variability
between individual vehicle’s average levels of emissions. Including random terms improves
the ability of the model to explain the data.

Second, using a mixed-effects model instead of a fixed-effects model yields more
accurate estimates of the standard deviations of the fixed effects’ regression coefficients. The
increased accuracy improves the ability to estimate the statistical significance of the
regressions coefficients and properly include terms that are significant. In addition, tests for
the overall significance of the regression are made more accurate by using estimates from the
mixed-effects model.

2. ‘What fuel property terms did we consider including in each equation?
The starting point for the analysis is the identification of the possible independent
variables in the model. In our analysis, we used linear terms and second-order terms. Linear

terms represent a linear relationship between the emissions and the change in fuel properties.
As shown in Table D-2, there are seven possible linear terms. .
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There are two types of second-order terms. Squéred terms consider the effects that the square
of a fuel property value may have on emissions Inter'actir)n terms consider the effects that

pos31b1e squared terms and 21 poss1b1e interaction terms. These p0351b1e terms are also

shown in Table D-2.

Table D-2

Iﬁdependent ?a'ﬁables Evalﬁeted for..Si"gnii;iean'ce .

in the Linéar Regression Equations

Linear Terms Squared | lInt.eraction Termsf
Terms

Reid Vapor Pressure (RVP) 'RVP*RVP RVP*SUL® | SUL*OLE a ARO*TQQ_; o
Sulfur (Sul) ‘| suLssuL’ -~ | RvP*aRO - ‘| sUL*OXY | oLEroxy '
Aromatic Hydrogarbons (Alib) “ARO*ARO RVP*QLE .. SUL*T50 OLE*TSO | "
Olefins (Ole) OLE*OLE RVP*OXY | suL*too oLE*_T_sb'__. |
Oxygen (Oxy) " OXY*OXY RVP*T50 | ARO*OLE OXY*T50

TS0 T50*T50 RVP*T90 - | ARO*OXY. - | OXY*T90

I o0 - [moorme0 - | suiraro 7| Arovmso | serron ﬂ

3. What is the form of each linear regressmn equatlon" R

Expressed as an equatxon mcludmg all the candldate varlables potenhaily conmdered
for inclusion, the most general form of the linear regression equation is:

Natural lOgarithm (emissiOIjs) =

AQ + AT*RVP + A2*SUL + A3*ARO +... + A7T*T9 [Lmear Terms]

+ AS¥RVP*RVP + A9*SUL*SUL + ... +A14*T90%T90 - [Squared Terms]

<o

+ A21*SUL*ARO + ..."+ A35¥T50+T90.



The linear terms in the above equation are actually "standardized" values of the fuel .
properties, and the second-order terms are squares and products of these standardized values.
These standardized values have statistical and computational advantages over non-standardized
values. For example, using standardized values simplifies the calculations by accounting for
the fact that different fuel properties have different units of measurement. Standardized
values are dimensionless. To standardize the fuel properties, we calculated the average value

. and the standard deviation of that value for all of the available data points. All standardized

fuel properties have a mean of zero and a standard deviation of one. The formula for the
standardized value is: :

Standardized Value = (actual value of a fuel property - average fuel property Qalue)
- (standard deviation of the fuel property value)

" Note that the dependent variable of each linear regression is expressed as the natural
logarithm of emissions. Inspection of the data showed that the variability of emissions from

" approximately identical fuels increased with increasing average level of emissions. This

violates the equal-variability assumption of regression models. The variability of natural
logarithms of emissions are more nearly constant and better satisfy this assumption, thereby
improving the explanatory power of the model.

4.  How did we develop the equatlons for hydrocarbons and oxides of
nitrogen?

We used the SAS Institute’s Mixed Model Procedure to perform the analysis. The
SAS Mixed Model Procedure uses a maximum likelihood-based estimate for the regression
coefficients for each of the independent variables included in the equation as well as the -».
standard error for each regression coefficient. :

All linear terms and second-order terms are entered as candidate terms into the SAS
Mixed Model Procedure’s model statements. A vehicle by study classification term is - -
included as a "class" variable. This term uniquely identifies each vehicle in each study. The
analysis treats the same vehicle used in two different studies as different vehicles. The class
variable is identified as the data set "subject." In this analysis, the subject is specified to nest
all effects in the random statement within the subject effect.

Once the SAS statements are written, the analysis to determine which terms to include
in each of the linear regression equations can begin. All first-order terms are included as part
of the model because these fuel properties are controlled by the Phase 2 RFG regulations.

The first step in the analysis is to run the SAS Mixed Model Procedure 28 times. In

" each run, a different second order term is added to the seven linear terms. After completing

the analysis of all 28 runs, the most significant term is selected for inclusion in the equation if
the term is significant at least at the five percent level.



The second step of the analysis is to run the SAS Mixed Model Procedure 27 times.
In each run, a different second order term is added to the seven linear terms plus the one
significant term from the first step. Again, the second order term that is the most significant: -
is selected for inclusion in the equation if the term is significant at least at the five percent .
- level. Note that if the second order term found to be significant at the five percent level - .~ -
during an earlier run is found to no longer be significant at the five percent level, then. the
term is removed from the equatlon and reentered into the list of candidate terms for mcluswn -
in the equation r : : it

Stepwise analysis is repeated until there are no candidate second order terms found to
meet the five percent significance level criteria for inclusion in the equation and all second
order terms already in the model remain significant at the five percent level. The second
order terms included in the models computed by this procedure are tabulated in Table D-3.

The regression coefﬁments for the mtercept and each ‘term currently part of the
equat1on are then used in the equation with the standardized Value of the fuel property to
estimate emissions. : Y

There is a variety of possible and feasible statistical procedures for computing
regression relationships between emissions and fuel parameters. No procedure can guarantee
that it will yield the "best" choice of variables to include, and there is no "best" model. .
However, we believe that the above procedure for computing regression relationships is likely
to yield relationships that are very close to the most satisfactory relationships that can be
fitted. The procedure explores a very wide range of possibilities does not- arbitrarily exclude
variables that may contribute 51gmﬁcantly to: estlmatmg ennssmns, and: generally lets the data '
spezk for themselves. .



Summary of Second-Order Terms in the Equations

Table D-3

For Hydrocarbons and Oxides of Nitrogen by Technology Class

T50*T90

* Second-Order Hydrocarbons Oxides of Nitrogen |
Interaction Term
Tech Class 3 | Tech Class 4 Tech Class 3 | Tech Class 4
RVP*RVP | X X
SUL*SUL - X
ARO*ARO | X
OXY*OXY X
TS0*T50 X
TQO*TQO X
| RVP*OXY X
| RvpeTso X
SUL*ARO X
SUL*T90 X X
ARO*OLE X
| ARO*OXY | X
ARO*T90 X X X
OLE*T90 X
OXY*T90 X
X




5. How did we develop the'equations for toxic air contaminants?

The equations for the toxic air' contaminants do not contain any second-order terms.
We did not include second-order terms because of the limited data available to estimate
emissions of toxic air contaminants. Therefore, we did not have to do a stepwise procedure.

To determine the regression coefficients, we used the SAS Mixed Model Procedure.
We also added benzene as an additional linear term to each model, However, we eliminated
benzene from any equatlon where the results indicated it was not statlstlcally significant.
Thus, a benzene term is only included in the benzene equation for Tech class 3 and Tech ..
class 4 and the acetaldehyde equation for the Tech class 4..

6. How did we simplify the equations?

The linear regression equations used for predicting the hydrocarbon and oxides of
nitrogen appear to be very complex because they contain many terms. The equatlons are used
for predicting the emissions from the combined effect of seven different fuel properties, '
Therefore, one would expect that the models would not necessarily be simple.

The ARB working database has fuels from many studies that were conducted for many
different reasons. As a result; the data used to develop the equations are usually outside the
range of specifications for Phase 2 RFG. We are interested in the results of the equatlons
within the Phase 2 RFG region. Therefore; the objective is to &valuate whether we can
accurately approximate the results of the original equatlons in the Phase 2 RFG region with
simpler equations.

As discussed in Section B, we chose to retain all of the linear terms in the equatlons
whether or not they were statistically significant because these fuel properties are controlled.
by the Phase 2 RFG regulations, There is still a possibility of simplifying the equatlons by
removing some squared terms and interaction terms-that have satisfied the'statistical -
significance criterion for inclusion in the equatlons yet have limited influence on the . .
equanons predictions within the Phase 2 RFG region. Snnpllfymg the equations makes them .
easier to interpret and use, -

The presence of squared and interaction terms in the regression equations.causeés the *
regression equations to have local maximums or minimums. Some of these extreme values. .
may appear to be implausible because: studies of gasolme combustion may. suggest-that the-
true emissions would not have a maximum or minimum at these values. However, the .
quadratic regression-function approx1mat1ng the frue emissions as a function of the fuel
properties does have a maximum or minimum. Simplifying equations by removing squared
and interaction terms may have an added benefit of eliminating some implausible maximums
and minimums from the fitted regressions.
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To simplify the equations, we used the random balance developed by
Dr. H. T. McAdams of the Advanced Computing Center of Argenta. Again, snnpler is
defined as havmg fewer second-order terms.

The random balance is used to approximate the original regression equations. This is
accomplished by randomly generating a large set of fictitious fuels inside a defined region of

* fuel properties and calculatmg the resultant emissions using the regression equations. The

random fuels are generated so the individual fuel property terms are nearly orthogonal. .
Orthogonality allows the sum of the squares to be additive for each term in the model. The
resulting set of random fuels and estimated emissions then can be assembled so that a
standard statistical procedure can be used to estimate the contribution of each term to the
overall fit of the equations within the defined region of fuel properties. Once it is determined
which terms contribute minimally to the overall explanatory ability of the model, they can be
removed from the equations without losmg srgmﬁcant explanatory power

The random balance program was written using the SAS computer language. The sum
of squares for all first order terms and each second order terms are sorted by magnitude. A
cumulative sum is calculated starting with the term with the largest sum of the squares. Once

- the cumulative sum of the squares exceeds 99 percent, all remaining second order terms that

did not contribute to the 99 percent are considered insignificant can be removed from the final -
equation. The final coefficients are generated as part of the random balance procedure

~ As previously mentioned, the random balance requires a defined set of fuels. The goal
is to define the boundaries by the levels at which gasoline properties will likely be when the
Phase 2 RFG regulations take effect. The region bounded by the boundaries is called the
"box" and is presented in Table D-4.

The random balance was applied to the hydrocarbons and oxides of nitrogen models
for both Tech class 3 and Tech class 4. Table D-5 lists the terms of the final model after the
random balance was applied. The random balance was not applied to the models for the toxic
air contaminants because there were no second-order terms included in these models.



Table D-4

Range of Values ("Box") Used for Simplifying the
California Predictive Model Using the Random Balance

Lower Limit Upper Limit I

Reid Vapor Pressure " psi | . 6.5 : 7.5
Sulfur | ppmw o 0 80
Aromatic Hydrocarbons | % vol. [ 10 30
Olefins o % vol. | - 0 0
Oﬁygen : % wt. o 0 2.7

' 50% Distillation Temperature | deg. F | 160 20
90% Distillation Temperature deg. F 260 330
Benzene | | %wt 0 1.2
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For Hydrocarbons and Oxides of Nitrogen by Technology Class
After Application of the Random Balance

Table D-5

Summary of Second-Order Terms in the FE.quations

I!

Second-Order Hydrocarbons. Oxides of Nitrogen
Interaction
Term Tech Class 3 Tech Class 4 Tech Class 3 Tech Class 4
 Before After' Before After _ | Before After Before After
Random | Random | Random | Random | Random | Random | Random | Random
Balance | Balance | Balance | Balance | Balance | Balance | Balance | Balance
RVP*RVP X X
SUL*SUL X
ARO*ARO X X
OXY*OXY X X
T50*T50 X X
T90*T90 X X
RVP*OXY X X
| RVP*T350 X
SUL*ARO | X X
SUL*T90 X X
ARO*OLE X
I} ARO*OXY X X
ARO*T90 X X X X X X
OLE*T90 X
i OXY*T90 X X
@*TQO ) X X
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C. METHOD FOR COMBINING THE INDIVIDUAL EQUATIONS AND USING
- THE FINAL EQUATIONS

As mentioned earlier, a separate equation is developed for Tech class 3 and Tech
class 4 and for each emissions criterion. To develop a single equation for each of the three
. emissions criteria, the Tech class 3 and Tech class 4 results must be combined. The method
used to combine the results is called the technology class weighting.

As discussed in Section A of this Appendix, the California predictive model is based
on an analysis of vehicle emission tests for two-different classes of vehicles. Tech class 3
represents model years 1981 through 1985 motor vehicles and Tech class 4 represents model
. years 1986 through 1995 motor vehicles. Each class con51sts of vehicles with similar
exhaust emission control technologies.

1. How did we combine the mdmdual equations for hydrocarbons and
oxides of nitrogen?

To calculate the composite of the emissions within the California predictive model,
the individual equations for each Tech class must be combined using weighting factors. For
oxides of nitrogen and hydrocarbons emissions, we selected weighting factors based on
emissions because we are comparing fuels based on the percent change in emissions.
Therefore, the Tech classes should be weighted by their contribution to the total emissions.
The following procedure was used to combine the individual equations for hydrocarbons and
oxides of nitrogen. '

1. The vehicle fleet is divided into two technology classes. Each Tech class is
comprised of vehicles with similar exhaust emission control technologies and
identified by vehicle model year. The two technology classes are defined as
Tech class 3 - 1981 through 1985 model year vehlcles and Tech class 4 --1986
through 1995 model year vehicles. .

2. The EMFAC7F/BURDENTF statewide ozone planning emissions inventory
reports were run for the years 1996, 2000, and 2005 assuming Phase 2 RFG is
used in 1996 (See Attachment 1 for copies of these reports). The on-road motor
vehicle emissions for 1996, 2000, and 2005 were grouped by Tech class. For
example, the emissions inventory report for 1996 - Tech class 3, listed the
exhaust and evaporative emissions for hydrocarbons and oxides of nitrogen due -
to 1981 through 1985 model yeat vehicles. For determining the emissions
weighting-factor for the California predictive model, we were only.interested in
the exhaust ermissions.

3. For 1996, 2000, and 2005, the total exhaust emissions for each Tech class were
calculated by adding the "total exhaust" values from the emission inventory
reports for "light-duty passengers-cat" and "light duty trucks-cat." Values were
calculated for hydrocarbons and oxides of nitrogen.
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4. Emission weighting factors were calculated by taking the exhaust emissions for
the pollutant and Tech class of interest and dividing this value by the total
exhaust emissions from both Tech class 3 and 4. Values were calculated for
hydrocarbons and oxides of nitrogen, for both Tech classes and for the years
1996, 2000, and 2005. The average emission weighting factor for each Tech
class was calculated by summing the 1996, 2000, and 2005 emission weighting
factors for each Tech class and pollutant and dividing by three. Table D-6 shows

. the emission weighting factors for Tech class 3 and 4 for 1996, 2000, and 2005
and the average for the three years combined. The average values were selected
for use in the California predictive model. '

Table D-G '

~ Technology Class Weightings for Hydrocarbons and
o - Oxides of Nitrogen Based on Emissions

L o Percent Weighting by
Pollutant and Tech Class [ Inventory Year & 7_
' 1996 2000 - 2005 | Average
Hydrocarbons a/
Tech Class 3
Tech Class.4 75.5 83.8 81.4 80.2 “

Oxides of Nitrogen a/

" Tech Class 3 | 223 144 | 156 17.4 “

Tech Class 4 777 85.6 84.4 82.6

a/ Weightings based on emissions inventory.
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2. How did we combine the individaal equatlons for the toxic air
contammants"

‘For the toxic air contaminants, we used the vehicle-miles-traveled (VMT) as the
weighting factors because we are comparing fuels based on the percent change in potential
cancers. For a toxic air ¢ontaminant, the absolute magnitude of emissions needs to be
considered and not just the percent change in emissions. For example, the change in
potential cancers is quite different for a change in emissions from four milligrams per mile
(mg/mile) to two mg/mile as compared to a change in emissions from 0.5 mg/mile to
0.25 mg/mile. However, both represent a 50 percent change in emissions. - '

The followiﬁg procedure was used to combine the individual equations for
hydrocarbons and oxides of nitrogen.

1. The same EMFAC/BURDEN 7F Statewide Ozone Planning emissions inventory
reports described above were used to calculate the VMT weighting factor.

2. For 1996, 2000, and 2005 the daily VMT for each Tech class was calculated by
adding the "daily VMT" values from the emission inventory report for "light- duty
passengers-cat” and "light duty trucks-cat."

3. VMT weighting factors were calculated by taking the daily VMT for each Tech
class, and dividing this value by the total daily VMT from both Tech class 3 and
Tech class 4. Values were calculated for both Tech classes and for the years
1996, 2000, and 2005. Average VMT weighting factors were calculated by
summing the 1996, 2000, and 2005 daily VMT for the Tech class and. dividing

~ by three. Table D-7 shows the VMT weighting factors for Tech class 3 and 4
for 1996, 2000, and 2005 and the average for the three years combined, The
average values were selected for use in the California predictive model. o

We are also proposing to welght the mass of toxic air contaminants by the potential to
cause cancer. The proposed California predictive model evaluates the percent difference
between the potency-weighted emissions of the alternative gasoline formulation and the
Phase 2 RFG reference fuel. In developing regulations to control emissions of toxic air
contaminants, the ARB’s policy is to consider thé potency-weighted emissions of the
particular toxic aif contaminant. The ARB has idéntified benzene, 1,3- butadlene
formaldehyde and acetaldehyde as toxic air contammants
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Table D-7

" Techmology Class Weightings for the Toxic Air Contaminants
Based on the Fraction of Vehicle-Miles Travelled

Percent Weighting by
Tech Class Inventorleear
1996 2000 2005 Average
Tech Class 3 109 8.3 74 | 89
Tech Class 4 89.1 91.7 92.6 91.1

a/ - Weightings based on vehicle-miles travelled.

Table D-8 lists the relative potencies of 1,3-butadiene, benzene, formaldehyde, and
acetaldehyde. The relative potencies of these toxic compounds are based on cancer potency
values provided by the Office of Environmental Health Hazard Assessment (OEHHA). The
cancer potency value for each pollutant has been divided by the cancer potency value for
1,3-butadiene. If the model evaluated toxics on a mass basis, the relative impact of a
milligram/mile reduction of formaldehyde would be equal to a milligram/mile reduction of
1,3-butadiene. This approach does not consider the potential cancer risk associated with
each pollutant. As shown in Table D-8, the potential cancer risk associated with
1,3-butadiene is 62.5 times that of acetaldehyde. We believe the model should take this into
account when evaluating the equivalency of two fuels.

Table D-8

Potency Weighting Factors
(relative to 1,3-Butadiene)

Toxic Air Unit Risk (pg/m*)’ Relative Potency
Contaminant

1,3-Butadiene 1.7E-4 1.0
Benzene 2.9E-5 0.17
Formaldehyde 6.0E-6 0.035
Acetaldehyde 2.7E-6 0.016

" Reference: California Air Pollution Control Officers Association, Air Toxics Hot Spots Program, Revised 1992
Risk Assessment Guidelines, October 1993
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3. How do'we use the combined equations?

For an alternativé gasoline formulation to be acc‘epi:able the peréent 1difference in
ermssmns of hydrocarbons 0x1des of mtrogen and potency-welghted tox1c air contammants

specifications must be less than or equal to 0.04 percent for all pollutants,

The method used for ydrocarbons and oxides of fitrogen is straightforward. The
percent difference between the predicted values for the alternative gasoline specifications
and the Phase 2 RFG reference specifications is calculated. If the percent difference in :
emissions of hydrocarbons or oxides of nitrogen for the alternative gasoline specification = .
compared to the Phase 2 RFG reference. specifications is greater than 0.04 percent then the
alternative gasoline formulation is not-acceptable as an alternative Phase 2 RFG.

For the potency-weighted toxic air contaminants, there are eight different equations -
that must be combined (four toxic air contaminants and two. Tech classes). There is also not
an emissions inventory for the toxic air contammants from mobile sources. Therefore, the
comparison between two fuels is based on assurmg that there is no increase in the relatlve
potential number of cancer cases, This comparison is accomplished usmg the followmg
procedure. | .

Step 1. Begln with the Phase 2 RFG reference spec1ﬁcat10ns For each Tech class J
by toxic air contaminant, multlply the fractional VMT (See Table D-7)
. times the predlcted ennssmns (mg/mﬂe) times the relatlve potency (See :
Table D-8). g
Step 2. Sum all values to yield the total relative potential cancers for the Phase 2
RFG reference fuel. -

Step 3. Repeat steps 1 - 2 fér_ the proposedalternatlve gasoline specifications.

Step 4. Calculate the percent difference between the alternative gasoline - .-
spemﬁcatlons and the Phase 2 RFG reference speclﬁcatlons If the
difference is greater than 0. 04 percent the ﬁJel is not acceptable as an
alternatlve to Phase 2 RFG.- -

D. EVALUATION OF THE CALIFORNIA PREDICTIVE MODEL

We used two different approaches to détermine if the Califorhia Predictive Model
yields reasonable results. The first approach is to compare the results of the individual
equations with selected observations from. individual studies. The second approach is to
. produce and review linear plots of the results.
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1. = How well do the California predictive model predictions compare with
observation?

The best approach for determining how well the California predictive model
performs is to compare the model’s predictions to the results of a study that is not part of
the database. Unfortunately, there is no such study available at this time, As an alternative,
we have selected certain studies that are part of the ARB working database to compare - -
predictions versus observations. Two groups of studies were selected. The first group
represented well-designed studies that tested fuels that were outside the Phase 2 region
{most fuel property values are well above Phase 2 limits). For this group, the Auto/Oil
AMOT (study 2 in Appendix C) and the Auto/Oil T90 (study 8 in Appendix C) studies
were selected. The second group represented well-designed studies that tested fuels that
were within the Phase 2 region (most fuel property values meet the Phase 2 limits). For
this group, we selected the ARCO-EC-X (study 16 in Appendix C), ARB/GM-Confirmation
{study 20 in Appendix C) and the GM/WSPA/CARB (study 9 in Appendix C) studies.

For each fuel in each study, we determined the average percent change in the
observed emissions between the studies’ reference fuel and each fuel tested. The reference
~ fuel for the Auto/Qil studies was a gasoline meeting the nationwide average specifications..
- The reference fuel for the second group of studies approximated California Phase 1 gasoline
for most properties. We then used the California predictive model to predict the percent
-change between the reference fuel and each fuel tested. Finally, we compared the observed
percent change to the predicted percent change for each set of fuels.

Figure D-1 shows that for the two Auto/Oil studies (fuels outside the Phase 2
region), the number of times that the predicted percent change in emissions was within zero
and five percent, five to 10 percent, and greater than 10 percent of the observed percent
change. For example, if the observed percent change was five percent, predicted values of
between plus 15 percent and minus five percent would be considered within 10 percent of
the observed value. Figure D-2 shows similar predictions for the three studies with fuels in
the Phase 2 region. These two graphs show that the California predictive model predictions
are generally within 10% of the observed values. The model appears to predict better for
fuels in the Phase 2 region and does better in predicting the percent change in hydrocarbons
than oxides of nitrogen. These two points support the use of the California predictive
model. Alternative gasoline specifications should be close to Phase 2 values where the
model predicts better. Variability in emissions measurements are greater with hydrocarbons
as compared to oxides of nitrogen. This favors the selection of a model that predicts better
for hydrocarbons than for the oxides of nitrogen.

2. What do the linear plots show?
We deireloped 22 linear plots of the data to provide a visual indication of the
performance of the model. The plots were useful in identifying unexpected behavior and as

a quality control check on the coefficients in the model. For example, the linear plots were
useful in identifying an unexpected response to olefins in the Tech class 3. Because the
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plots generally do not recognize the interaction terms, they cannot be used to reach any
conclusions on which model provides the best estimate.

The following graphed results of the California predictive model are available from
the Air Resources Board upon request. They may be obtained by containing the Public
Information Office at (916) 322-2990.

California predictive model: Tech 3, Tech 4. and. composite

Effect on hydrocarbons, oxides of nitrogen, and potency weighted toxics by {raryi'ng
fuel properties of Phase 2 "Flat Limit" gasoline [22 graphs].
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Figure D-1

Model Predictions Versus Observed Results
of Fuels Outside the Phase 2 Region
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Model Predictions Versus Observed Results
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ATTACHMENT 1

EMISSIONS INVENTORY PRINTOUTS
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ALTER_NATIVES TO THE CALIFORNIA PREDICTIVE MODEL

This Appendix discusses the alternatives that we evaluated prior to selecting the

* California predictive model. These alternatives are the United States Environmental

Protection Agency (USEPA) complex model, a modified USEPA approach that we refer to as
a "Hybrid" model, and the California predictive model without random balance. -

The USEPA used a different statistical approach to develop its complex model. The
approach does not consider the interactions that result from the random errors occurring due
to the individual effects of the vehicles used in the study. The USEPA complex model also
excluded certain terms prior to conducting the statistical analysis (pre-exclusion of terms),
included several techniques designed to eliminate outlier data, and used a mathematical
technique designed to simplify the model. This later technique is referred to as random
_balance. In addition, the USEPA complex model was developed for the emission control .
: technologies used for the 1990 mode! year vehicles. Finally, it included separate models for

exhaust emissions from normal -emitting and high-emitting vehlcles and for- evaporatlve "
‘emissions. :

The Hybrid model differs from the USEPA complex model in several areas. It usesa
different statistical approach than we used to develop the proposed California predictive
model. It also uses the California working database (which is somewhat larger than the
USEPA database), applies to the same vehicle technology classes as the California predictive
model, and uses slightly different initial assumptions relative to pre-excluding various
statistical terms from the statistical analysis.

We also evaluated a version of the California predictive model that did not incorporate
random balance. After evaluating random balance, we found that this was an appropriate and
" beneficial technique to simplify the model without sacrificing the explanatory power of the
model. Therefore, our final proposed California predictive model incorporates random -
balance.

We found that all of the models fit the data reasonably well. No procedure can
guarantee that it will include the "best" choice of variables; thus, there is no "best" model.
However, we believe that the California predictive model is likely to yield relationships that
are very close to the most satisfactory relationships that can be achieved. '

_ The following sections describe each alternative, identify how we evaluated the
models, and provides the reasons why each alternative was not selected.



A.  DESCRIPTION OF THE ALTERNATIVE MODELS
1. What is the USEPA complex model?

Shortly after the passage 1990 Amendments to the Federal Clean Air Act (FCAA), the .
USEPA entered into regulatory negotiation with interested parties to develop specific
proposals for implementing the RFG program. From the regulatory negotiation, the USEPA
agreed to utilize a complex model for certifying compliance with federal RFG standards. The
USEPA complex model was first proposed in February 1993 in the Notice of Proposed
Rulemaking for the Regulation of Fuels and Fuel Additives: Standards for Reformulated and
Coriventional Gasoline and has undergone a number of changes since first proposed. The ,
USEPA complex model provides a method of certification based on fuel characteristics such . .
as oxygen, benzene, aromatics, RVP, sulfur, olefins and the percent of fuel evaporated at 200
and 300 degrees Fahrenheit (E200 and E300). The USEPA. utilized statistical analysis
techniques to isolate the effects of fuel modifications on exhaust emissions of hydrocarbons, .
oxides of nitrogen, and toxic air contaminants from other factors affecting exhaust emissions.
The USEPA complex model was adopted in December 1993 and is required to be used
beginning January 1, 2000.

The USEPA'’s complex model considers both motor vehicle exhaust and evaporative
emissions. The USEPA used only data from vehicles equipped with 1990 model year
emission control systems. The USEPA further segregated the data into nine subgroups. Elght-.....
of the subgroups were based on differences in emissions control technologies. The ninth ~
subgroup was based on the level of hydrocarbon emissions. This subgroup is made up of
high emission vehicles (high emitters). Separate models were developed for each of the nine
groups. The eight raw models for non-high emitters vehicles (normal emitters) were
consolidated into one composite model. The high emitter model was not consolidated into the
normal emitter model because doing so would introduce significant and unacceptable bias into
the model’s predictions. Therefore, the final model consists of a normal emitter model and a
high emitter model. - The results of these two models are consolidated into a single value ..
using normal emitters and high emitters weighting factors.

‘The USEPA complex model utilized a database which excluded a number of studies.
Studies were excluded if the emissions measurements were not based on the appropriate
Federal Test Procedure. Studies without at least one 1990 class vehicle were excluded.
Studies which did not include vehicles from more than one manufacturer were excluded and
studies that did not have sufficient quality control to separate fuel effects from vehicle effects
were also excluded. Some of the studies which were rejected include the NIPER study,
Toyota’s RFG study, and Auto/Oil’s high emitter study. The USEPA complex model. .
database included about 5000 data points.

A number of tests were also excluded from the database used to model hydrocarbon

emissions. USEPA’s revision of its definition of hydrocarbons to exclude methane, ethane,
and various other substances resulted in an exclusion of tests which did not measure methane.

E-2 .



The USEPA concluded that a model based on total hydrocarbons cannot be used to estimate
hydrocarbons and that a mode] based on non-methane hydrocarbons (NMHC) can be used to
estimate hydrocarbons. Approximately 20 percent of the data available was excluded from
the model because it was based on total hydrocarbons. Data from higher emitting vehicles
were also excluded from the database because of variations in equivalent ratios. Finally, all

- data from tests on Fuel W in the USEPA’s ATL-II program were excluded because its

emissions effects and composition differed dramatically from the emission effects and
composition of the other gasoline used in the study.

The database excluded vehicles which were not 1990 technology type vehicles, The
FCAA requires that the effectiveness of the Federal RFGs be determined in reference to
representative model year 1990 vehicles. The 1990 model year technology type vehicles were
considered because these vehicles have similar engine designs, fuel distribution systems, and
emission control and would be expected to respond similarly to fuel changes. Also, much
more data is available on emission effects of fuel changes from this set of vehicles.

The USEPA used the natural logarithm (In) of gross emissions as the dependent
variable for all poIlutants This was done because it increased the explanatory power of the
model by increasing the correlation coefficient between emissions and fuel parameters.

The independent fuel variables for exhaust hydrocarbons, oxides of nitrogen, and
1,3-butadiene emissions were oxygen, sulfur, aromatics, olefins, E200, E300, and RVP.  The
fuel components of exhaust emissions were separated into two categories. The first category
consisted of effects of individual fuel parameters on emissions.. The second category
consisted of interactive effects between two different fuel parameters. Fuel variables were:
then modeled in centered form in the complex model. ¥

The overall process used by the USEPA to arrive at the final Complex Models for
hydrocarbons, oxides of nitrogen, and toxic air contaminants is summarized below.

A raw model was developed which contained all the regression terms found to be
significant in a forward stepwise fit. Another re-regression was performed after deleting
terms based on Mallows” Cp criterion to balance overfitting and underfitting. A re-regression
was run on surviving terms after data outliers and influential points were excluded. A
backwards fit to eliminate insignificant terms is then performed.

The raw model was refined by deleting terms whose contribution to the explanatory
power was small. Terms which contributed less than one percent of the model’s explanatory
power were deleted to produce a refined model which was simpler in form without sacrificing
its ability to predict the emissions impact of fuel modifications. This refined model was then
simplified by consolidating the technology group specific models for normal emitters into a
single model. Finally, the fuel variables were uncentered.



o 2. What is the Hybrnd model?

We developed the Hybrid model using an approach snmlar to the approach the USEPA
used to develop its complex model. In November 1993, WSPA requested that we develop a ..
model using the USEPA methodology. This methodology included pre-exclusmn of terms, .
removal of statistical outliers and. influential points, and model: simplification using the -~ = .+ -
random balance. In December and January, we worked with the USEPA and WSPA to.. - ..
understand the USEPA approach and to agree upon the methodology. The main difference
between the Hybrid model and the USEPA complex model is that the Hybrid appreach uses
the ARB working database and the SAS Mixed Model Procedure. '

The Hybrid approach is essentially a fixed effect model. The statistical analysis for
the Hybrid model was done under the assumption that all effects are fixed. The parameter
estimation step prior to the random balance was the only part of the Hybrid model . .
development process where the information regarding the "true" random effects for the
vehicles and vehicle by fuel term interactions was considered. All assessment of the .
significance of the individual second order terms was done under the assumption'of a -
fixed-only effects model. This may lead to an inappropriate choice of second order terms to
be included as part of the final Hybrid model.

The following steps were taken to develop the Hybrid .ino'del

1. Each vehicle’s data in the ARB’s working database was placed in one.of the four
vehicle technology groups. : : X e

2. The fuel parameters in the database were etandaidiied to a mean of zero and standard
deviation of one. The natural logarithm of emissions are-calculated, Ermssmns are
averaged by study, vehicle, .and fuel. . - | Ce R R

3. Dummy indicator variables were included to represent each study: by .vehicle -
combmatmn : 3
4. The following terms were excluded as candldates for inclusion as part of the final .
model. , _ _ T,
Olefins*Sulfur - ~ Olefins*RVP
Aromatics*T50 ‘ Olefins*T50
Aromatics*RVP - - T50*RVP
T50*Sulfur .~ . T50*T90
- RVP*T90 ‘ RVP*Sulfur -
T50*Oxygen -

E-4
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1.

A forward stepwise regression procedure was used to determine a preliminary list of
candidate second order terms for inclusion as part of the final model. A significance
criteria of ten percent was used both to enter terms and to remove terms from the
model. All first order terms were forced into the model.

Once the stepwise procedure identified a preliminary list of candidate second order

" term to be included in the model, Mallow’s C(p) criteria for inciusion was used to

balance bias with overfit. The number of parameters (p) used in stepwise model
construction process are plotted versus the corresponding C(p) statistic. The term
where (p) first exceeds C(p) is used as the cut off point. None of the remaining
second order terms were candidates for inclusion in the final model,

All first order terms and second order terms not removed to this point were then used
to determine a candidate model. This candidate model was then used to determine
outlier and influential points. Outliers are defined as any point with R Student greater
than four in absolute magnitude. R Student is defined as the studentized residual with
the current observation excluded from the calculations. Influential points are defined
by a DFFITS statistic greater than 1.2 in absolute magnitude. DFFITS is defined as
the standard influence of the observation on it’s predicted value. The original data
was used in the outlier analysis. Study by vehicle indicator variables were included.

All points where the absolute value of the R Student statistic was greater than four or
where the absolute value of the DFFITS statistic was greater then 1.2, were removed
from the dataset.

The candidate model was then subjected to a backwards stepwise regression
procedure. The data set was the original data with all data identified is Step 8
removed. This step identifies any second order term that was included as a candidate
for inclusion in the final model because of outliers or overly influential points. Any
term removed by the backwards stepwise regression procedure was removed from the
candidate final model. '

The SAS Mixed Model Procedure was then used to estimate-coefficients for all first
order terms and any second order terms remaining at this point. The USEPA in their
complex mode! construction used a standard regression procedure that estimated
coefficients with no constant mtercept term. The mixed model procedure was used at
this point to facilitate comparison of the Hybrid model with the California predictive
model. The dataset used is the original dataset with the outliers and influential points
removed.

The random balance was then used to see if there is any simplification possible in the

model. Any terms that contributed less than one percent to the explanatory power of
the model were excluded.
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3. What is the California predictive model without random balance? .

In Chapter Il and Appendix D, we discussed the development of the proposed
California predictive model. The last step in the development is to use random balance to
simplify the model by excluding interaction terms that do not contribute significantly to the
explanatory power of the model. The California predictive model without random balance is.
the version of the model prior to using the random balance approach.

B. EVALUATION OF THE DIFFERENT MODELS

We used three different approaches to compare the different models. The first
approach is to compare the results of the individual equations with selected observations from
individual studies. The second approach is to produce and review linear plots of the results
and evaluate the residual varlance Finally, we developed lmear plots to graphlcally evaluate
the responses. : .

1. I-Iow well do the results of the models compare with actual observations?

The performance evaluation procedure was similar to that discussed in Appendix D,
section D. The data from five studies were used to define candidate fuel parameter values for
each of the three alternatives and the California predictive model. Two of the studies: :
represented fuels outside the Phase 2 region (Auto/01l AMOT and Auto/Oil T90) and three of
the studies represented fuels within the Phase 2 region (ARCO-EC-X, ARB/GM-Confirmation,
and GM/WSPA/CARB). The predicted results from each model were compared to the
observed results from each study. The results are shown. in Figures E-1: through E-4. Each
Figure shows the number of times:the predicted value from each model falls under or over
10% of the observed percent change.” As shown in Figures E-2, E-3 and E-4, all four models
" appear to predict equally well. However, Figure E-1 shows the California predictive model
without and the USEPA complex model performing better at predicting hydrocarbon .
emissions for fuels outside the Phase 2 region. We believe that most candidate fuel . .
formulations should be close to the Phase 2 region. Keeping that in mind and that the
analysis illustrated in Figures E-1 through E-4 is based on a very limited number of
observations, we believe the graphs show that no one model has a clear advantage -over
another : v
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Figure E-1

Model Predictions Vers_us.Observcd Results from Fuels
Outside the Phase 2 RFG Region* (THC)
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Figure E-2

Model Predictions Versus Observed Results from Fuels
Qutside the Phase 2 RFG Region* (NOx)
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Figure E-3

Mode! Predictions Versus Observed Results from Fuels -

In the Phase 2 RFG Region* (THC)
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Figure E-4

Model Predictions Versus Observed ‘Results from: Fuels
- ‘In the Phase 2 RFG Region* (NOx)
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2. How do the different models compare using the standard deviations?

The preceding discussion of the California predictive model has discussed that there
are several plausible models for predicting the same emissions from the same data. How well
the different models fit the data is one way to assess which model to use. The difference
between the observed emissions and the emissions estimated usmg the equations represents the
unexplained variation in the observed emissions.-

One of the simiplest measures of goodness of fit is the estimated standard deviation of
the variation in the data that the equations fail to explain. Equations with smaller standard -
deviations of unexplained variation estimate the observed emissions better on the average.

As discussed previously, the California predictive model is a mixed effects model that
fits both fixed effects (population average regression coefficients) and random effects _
(modeling the variability of regression coefficients between cars). The California predictive
model] also fits an additional random effect, which is the variance of the remaining variation
not explained by the effects in the model. To assess different models, we can compare the
square roots of these error variances. Note that we can only make this comparison on the
California predictive model and the Hybrid model. Residual standard deviations o
fixed-effect models like the USEPA complex model cannot be compared to the remdual
standard deviations of mixed effects models, because fixed effect models apportion all the
unexplained variation to a single random effect. .

When comparing the California predictive model and the Hybrid model, we must keep
in mind that the two models differ both in their modeling approaches and in the data sets to
which the models were fitted. Outliers and high-leverage points in the California predictive
model were removed from the data set for the Hybrid model, as noted in the description of
the hybrid fitting method. Also, the hybrid data set contains data for high-RVP fuels which
were excluded from the California predictive model.

The residual standard deviations of the California predictive model and the Hybrid
model are tabulated in Table E-1. Judging by the residual standard deviations, the residual
standard deviations of hydrocarbon predictions by the California predictive model are
somewhat higher than those of the Hybrid model. However, they are not sufficiently higher
to justify concluding that the Hybrid model is superior. The two modeling approaches predict
oxides of nitrogen emissions equally well. :



Table E-1

Comparison of the California Predictive Model and the
ARB Hybrid Models using the Residual Standards Deviations

. ' Standard Deviations ||
Emissions o Model Tech Class 3 Tech Class 4 l
* Hydrocarbons California Predictive Model ‘ 160 _ |

__ Hybrid Model - o145 134
Oxides of Nitrogén ~ California Predictive Model |~ .093 1 112
Hybrid Model 092 l
3. How do the models compare based on the linear plots?

We developed a number of linear plots of the data to provide a visual indication of the
performance of the models. These plots were useful in identifying unexpected behavior and
as a quality control check on the c_:oefﬁc1ents in the model. These plots indicate that for the
most part the results are very consistent. However, some of the model results do differ -
somewhat. Because these plots generally do not recognize the interaction terms, they’ cannot
be used to reach any conclusmns on Wh.ICh model prowdes the best estimate.

The followmg graphed results of the Callforma predlctlve model, EPA complex model,

and the Hybrid model are available from the Air Resources Board upon request. They may
be obtained by contacting the Public Information Office at (916) 322-2990. ‘

1)  California predictive mode! without random balance: Tech 3, Tech 4. and comp_osn

Effect on hydrocarbons, oxides of nitrogen, and potency weighted toxics by varying
fuel properties of Phase 2 "Flat Limit" gasolme [22 graphs].

2) California predictive model vs California predictive model without random balance vs.
Hybrid model vs. EPA complex model for exhaust emissions: composite

Effect on hydrocarbons, oxides of mtrogen, and potency weighted toxics by varylng
fuel properties of Phase 2 "Flat Limit" gasoline [22 graphs].
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C. BASIS FOR REJECTING THE ALTERNATIVE MODELS
1. Why did we reject the USEPA Complex Model?

The USEPA complex model was rejected as an alternative to the California predictive
‘model for several technical, statistical and practical reasons.

The technical basis for rejecting the USEPA complex model includes:

o the data set contains 25 percent fewer observations than the proposed
model; '

0 interaction terms were pre-excluded from the model;

0 the model is based on only 1990-technology vehicles; and

0 high emitting vehicles are represented by a separate model.

The data set used to develop the USEPA complex model contains fewer observations

. than the data set used to generate the California predictive model. Generally, the more

observations (data) used to develop a model, the more accurate the model’s predictions are
likely to be. The USEPA model includes about 5400 observations. The final California
predictive model includes about 7300 observations. This difference is in large measure due to
the USEPA’s exclusion of studies in which total hydrocarbons were reported without a
separate analysis of the contribution of methane. The USEPA excluded these studies because
it considers methane to be non-reactive. Excluding these studies results in a loss of
approximately 20 percent of the available data. We believe that the data provided in many of
these studies is very important in predicting how vehicular emissions will change with
changes in fuel properties.

Before any statistical analysis was done on the USEPA complex model database, 11
interaction terms were eliminated from consideration. Thus, these terms could not be
included in the final model even if statistical analysis found the interactions to be significant.
The reason given for pre-excluding these terms was that there was insufficient information
and studies on the particular interaction. We believe this approach fails to take advantage of
the fact that the pooling of data from many studies provides information on interactions that
the individual studies were not specifically designed to examine.

The USEPA complex model is based on only 1990 technology vehicles. This decision
eliminates from consideration the effects of fuel property change on a significant portion of
the fleet. As discussed in Section III, even in 2005, about 20 percent of the vehicle fleet
emissions will be from 1981-1985 model year vehicles. Since the California predictive model
will need to accurately predict emissions from these vehicles, we favor a modeling approach
which includes pre-1990 technologies where sufficient data is available. The California
predictive model uses such an approach.
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The USEPA complex model has separate sub-models for normal and high emitting
vehicles. The resuits from these two sub-models are combined using weighting factors.
Because of difficulties in predicting the contribution of high-emitting vehicles, we favor the
approach used in the California predictive model which does not separate out high emlttmg
vehicles from the normal emitting vehicles. - . - :

The statistical ba515 for rejectmg the USEPA complex rnodel mcludes

0 - 1t does not take into con51deratron random vehlcle effects and
0 it excludes outliers for statistical rather than technical reasons.

The USEPA complex model take into consideration only "fixed" effects and not
“random" effects.” The USEPA complex model attributes changes in predicted emissions
entirely to the changes in specifications for the fuel properties (fixed effect). The California
predictive model attributes changes in predictive emissions to the changes in specifications for
the fuel properties (fixed effect) and to random vehicle-to-vehicle variations (random effects).
We believe that a model which considers both fixed and random effects will result in a more
defensible predlctlons of the effects of changes in fuel property specifications.

In developing the USEPA complex model, the USEPA excluded data they found to be
an outlier or an overly influential data using statistical tests. We believe that outlier and ‘"
influential data should not be eliminated based on statistical reasons. All the data should be
considered unless there was, a technical problem with the test from which they were generated ;

The practical- basrs for rejectmg the: USEPA complex. model mcludes
o both exhaust and evaporatlve emlssmns are mcluded

The USEPA complex model mcludes both exhaust and evaporatlve enlissions. ThlS
results in a much more complex model than t.he Cahforma predictive model wh1ch address -
evaporatlve effect by fixmg RVP. v : : Lt

2. Why drd we reject the Hybrid model?

The reasons for rejecting the Hybrid model are similar to those for rejecting the
USEPA complex model. - The Hybrid approach included the pre-exclusion of terms, and
removal of statistical -outliers:.and influential points. Further, the approach used to generative:
the Hybrid model is more complex than the’ approach used to. generate the California ...
predictive model o BT o A S

As discussed prewously, the Hybnd model is essentlally a, ﬁxed effects model As
such, it does not appropriately consider the random effects. This may-lead to. an mappropnate :
choice of second order terms to be included in the model. The Hybrid model approaches pre-
exclusion of certain second order terms. We believe none of the interaction terms should be
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pre-excluded. Under the Hybrid approach, a term would be pre-excluded from the model
equations if there was not sufficient information justifying that the interaction is real. In most
cases, sufficient information means the existence of a study. specifically designed to evaluate
the pamcular interaction. We believe that a lack of information to verify the existence of an
interaction is not reason enough to eliminate it from being considered in model development.
This does not mean that we believe all interaction terms should be forced into the model. If
the mode] shows that a term does not contribute significantly, then it can be excluded from
the model. ‘

The Hybrid model approach also includes a statistical outlier and influential point
‘analysis, We believe removing data based on statistical tests is not appropriate. We believe
all data generated from vehicles or tests that were not shown to be outliers due to technical *
problems should be included in model development.

The approach used to generate the Hybrid model is also much more complex than the
approach used to generate the California predictive model even though the Hybrid model has
- about the same number of interaction terms as the California predlctlve model: ThlS
comparison is shown in Table E- 2 and Table E-3.

Table E—2

_ Co'mparison of Interaction Terms :
California Predictive Model vs Hybrid Model

- E-13

Term ~ Hydrocarbons
Tech 3 ~ Tech 4
Hybrid California Hybrid California
Model Predictive Model Predictive
. Model Model

ARO*ARO X X
ARO*OXY
ARO*SUL X
ARO*T90 X X X X
T50*T50 X X
T50*RVP X 7
T90*T90 X X X
T90*OXY ) ) X X




Table E-3

Comparison of Interaction Terms
California Predictive Model vs Hybrid Model

) Oxides Men -
o Tech 3 _ | o 'Te'c__:h 4
Hybrid California Hybrid California
Predictive Predictive
Model | Model
| ARO*oxY X
OXY*OXY X X
RVP*OXY X
SUL*SUL |
T50%T90 X
T90*ARO X X

random balance"

3. Why did we re]ect the version ‘of the California predlctlve model w1thout

© Our decision not to recommend the version of the California predictive model without

random balance is based on practical rather than statistical or technical considerations. Using

random balance results in fewer interaction tetms in the model. Removing interaction terms,

particularly squared terms, tends to-result in linear-relationships between fuel property changes
and changes in emissions. Refiners see this simplification as desirable. They bélieve that the
more non-linear the relationships in the model the more problem they will have in blénding to

specifications. To the extent that the random balance approach does not significantly effect
the predictive power of the model, we are not opposed to using the approach.

To evaluate any loss in the predlctwe power of the model as a result of using random

balance, we looked at 68 data points that were in Phasé 2 region. For each data point, we
identified the observed gram per mile (g/mi) emissions reported in the particular study. Next
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we determined the predicted g/mi emissions using the California predictive model with and
without random balance. The numerical value of these predictions were extremely close. For
all 68 data points, the predicted values for the random balanced version of the model differed .
. from the predicted values for the version of the model without random balance by 0.001 g/mi
or less for both hydrocarbons and oxides of nitrogen. This supports the conclusion that the
use of random balance does not adversely effect the predictive power of the POWET, :

| Anéther way to compare the predictive power of the two models, is to look at the
relative percent difference in the magnitude of error in the model’s predictions. Error (also
called residual) is measured as the difference between the observed and the predicted, squared.

" These values are summed and divided by the number of observations less two to determine

the mean (average) square error (also called the residual mean square). Using 68 data points
in the Phase 2 region, the mean square error for the Tech class 4 hydrocarbon equations
without random balance is 0.0068109," The mean square error for the version of the model
with random balance is 0.0067947. For the Tech class 4 oxides of nitrogen equations, the
corresponding values are 0.0639975 (without random balance ) and 0.0639731(with random
‘balance), for a difference of -.04 percent. The relative percent difference between these two
* values is 0:24 percent. This result further supports the conclusion that there is little loss in
the predictive power of the model using random balance. . '
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