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PROPOSED MODIFICATIONS TO THE CERTIFICATION REQUIREMENTS -
AND TEST PROCEDURES OF THE LOW-EMISSION VEHICLE REGULATIONS

L - INTRODUCTION

When the original Low-Emission Vehicle (LEV) regulations were approved in 1990,
the Air Resources Board (ARB or Board) instructed staff to periodically review the status of
implementation of the regulations. During these reviews any new information which
suggested that the program could be improved would be considered for incorporation into the
- regulations. Pursuant to the Board’s direction, there have been several reviews of the L
program. In 1991, the Board approved the first reactivity adjustment factors (RAFS). In
- 1992, staff provided an update to the Board on the technological progress of low-emission -
vehicles. At that time the Board determined that the LEV program continued to be techno-
logically feasible within the program timeframe. In 1993, the Board adopted additional
RAFs and numerous amendments which further clarified existing provisions and added new
requirements to facilitate implementation of the program. In 1994, the Board conducted a .
public meeting to discuss the status of technological development of low-emission and ZETO~
emission vehicles. = Again the Board concluded that no major changes to the program were
necessary at that time and that the program requirements continued to be technologically
feasible and cost-effective, - : -

In this rulemaking, staff will be proposing the first regulatory action relating to the

- mobile source element of the State Implementation Plan (SIP). The proposed amendments
pertain to increasing the requirements for low-emission medium-duty vehicles. Staff has
worked extensively with members of industry to develop a plan that essentially achieves the

_ emission reduction goals of the SIP while also providing suitable flexibility for industry in
meeting these goals. Staff is also proposing a variety of modifications and new requirements
including the adoption of new RAFs, amendments to the light-duty vehicle regulations, _
elimination of the M100 methanol fuel luminosity requirement, and clarifications of existing
requirements. It should be noted that this hearing will not address electric or hybrid electric
vehicles since a series of workshops is underway to further address these issues, and the staff
plans to present its findings relative tg these vehicles in a Board hearing in 1996.

The proposed amendments in this hearing would affect Title 13,. California Code of
Regulations (CCR), sections 1956.8, 1960.1, 1965, 2062, 2101, and 2292.1, In addition,
the following test procedures are being modified: "California Exhaust Emission Standards
and Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks and
Medium-Duty Vehicles," the "California Exhaust Emission Standards and Test Procedures
- for 1987 and Subsequént Model Heavy-Duty Otto-Cycle Engines and Vehicles,” the "Califor-
nia Non-Methane Organic Gas (NMOG) Test Procedures," the "California Assembly-Line
Test Procedures for 1998 and Subsequent Model-Year Passenger Cars, Light-Duty Trucks
and Medium-Duty Vehicles," the "California New Vehicle Compliance Test Procedure,” and
the "California Motor Vehicle Emission Control and Smog Index Label Specifications.”
Many of the regulatory amendments being proposed in this rulemaking are very detailed and
technical in nature. For-this reason, this staff report will only briefly summarize the nature
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of the proposed modifications. Sections I, IV, V and VI of the Staff Report are intended to
be a non-controlling Plain English summary of the proposed amendments, as required by
Government Code Section 11346.2(a). A complete description of the modifications is con-
tained in Appendix A.

I. - DESCRIPTION OF LOW-EMISSION VEHICLE PROGRAM

-The LEV Program represents a primary element of California’s long-term plan for
reducing air pollution from future light- and medium-~duty mobile sources. The program.
- Iequires implementation of advanced mobile source control strategies to substantially improve
California’s air quality. The following is a summary of the LEV Program.

A. LEV Emission Standards

si+ The LEV ‘program contains four categories of increasingly stringent vehicle emission
requirements: - transitional low-emission vehicles (TLEV), low-emission vehicles (LEV),
ultra-low emission vehicles (ULEV), and zero-emission vehicles (ZEV). These new catego-
ries apply to three classes of vehicles: passenger cars and light-duty trucks weighing less
than 3751 pounds, light-duty trucks weighing between 3751 and 5750 pounds, and medium-

" duty vehicles 0-14,000 pounds. The largest class of vehicles is comprised of passenger cars

and light-duty trucks (0-3750 Ibs.) The 50,000 mile emission standards applicable to this
class are shown in Table II-1. The emission standards applicable to other categories of
vehicles will be discussed later in this report. - ' '

Table II-1

Light-Duty Low-Emission Vehicle Exhaust Emission Standards
Vehfcle Class NMOG! Co NOx
Tier 12 0.25 3.4 0.4
TLEV 0.125 3.4 0.4
LEV 0.075 3.4 0.2
ULEV 0.040 1.7 0.2
. ZEV 0 0 0

"NMOG" is non-methane organic gas and is comprised of npn-metha‘ne'hydrocérbons
and all oxygenated hydrocarbons. '

"Tier 1" refers to the non-methane hydrocarbon (NMHC) standard which applies to
- conventional gasoline vehicles. .



B.  Phasing-In LEVs |

A unique feature of the LEV program is its market-based approach to 1mp1ementat10n
which affords considerable compliance flexibility to manufacturers. For light-duty vehicles,
- manuficturers are not required to phase-in specific percentages of vehicles certified to each
of the low-emission vehicle categories. Instead, a fleet average requirement enables -
manufacturers to certify to any combination of low-emission vehicle categories as long as the
overall fleet average is met. Comphance with the fleef average requirements is determined
by calculating the sales weighted emission average of a manufacturer’s vehicle fleet.
Additional flexibility is provided through the use of a marketable credit trading system.
Manufacturers that produce more Jow-emission vehicles than needed to meet the fleet average
requirement will accumulate credits which can be banked, traded or sold to other manufactur-
ers. The fleet average requirement for passenger cars and. hght—duty trucks (0-3750 Ibs.) is
as follows:

Table TI-2 - Fleet Avérage Req‘uirements
Passenger Cars and Light-Duty Trucks (0-3750 1bs.)

Model | 1994 | 1995 | 1996 -| 1097 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
Year - - : ' . - , _ :
Fleet 0.250 | 0.231 | 0.225 | 0.202 | 0.157 }'0.1137 0.073" 0.070 | 0.068 0.062
Average . .
NMOG -

The requirements for medium-duty vehicles are approached. differently. . Because of
the lower production volumes and limited model availability of these vehicles, it was not
practical to create a fleet average requirement. Instead, manufacturers of medium-duty
vehicles are required to meet certain percentage phase-in requirements, but they can accumu-
late marketable emission credits for exceeding these phase-in percentages. This credit sysiem
also affords medium-duty vehicle manufacturers consuierable compha.nce ﬂex1b111ty

The-only instance where certification of light-duty vehicles to a specific category is
required is the introduction of ZEVs. Beginning in 1998 all large volume manufacturers
with 'sales in California exceeding 35,000 vehicles per year (General Motors, Ford, Chrysler,
Toyota, Nissan, Mazda and Honda), are required to introduce the following percentages of
their passenger cars and very light-duty trucks as ZEVs:

Table II-3

ZEV Requirement
‘Model Year 1998 | 1999 | 2000 | 2001 | 2002 | 2003+
% Regmt. 2 2 | 2 | s 5 10




Intermediate volume manufacturers will have to meet the ZEV requirements starting with the
2003 model year. : '

Flexibility also exists for the introduction of ZEVs since manufacturers may forego
producing the specified percentages of ZEVs in a ‘given year by banking or acquiring credits
generated from eatly production of ZEVs or from exceeding the production requirements, or
by making up any deficits incurred in a given year by the end of the following year without
penalty. A manufacturer that fails to make up the deficit within that time would pay a
penalty that would not exceed $5,000 per ZEV., '

C.  Accounting for Exhaust Reactivity

One of the primary objectives. of California’s motor vehicle pollution control program
has been to reduce ozone in the lower atmosphere, where it is the primary ingredienit of
urban smog. Ozone is formed in the atmosphere as a result of complex photochemical
reactions of hydrocarbons with oxides of nitrogén- ("NOx"). There are many different
species of hydrocarbons emitted from mobile sourées, each with a specific ability to react
with NOx in the atmosphere to form ozone. The relative reactivity of the hydrocarbon
species in the exhaust of vehicles powered by different kinds of fuels-can also vary signifi-

cantly.

To account for the varying reactivity of vehicle exhaust, the LEV program contains
two new elements not previously used in mobile source emission control programs. The first
is to identify all of the organic gases (hydrocarbons) ‘measured in the exhaust. This was
accomplished by establishing a non-methane organic gases (NMOG) standard which for the
first time counted the full mass of all measurable non-oxygenated hydrocarbons containing
twelve or fewer carbon atoms (excluding methane), and all oxygenated hydrocarbons -
(ketones, aldehydes, alcohols, and ethers). The second element is a mechanism under which
the full mass of the NMOG emissions from vehicles operated .on alternative or reformulated-
gasoline fuels will be adjusted by the applicable reactivity adjustment factor; or "RAF"
according to the ozone reactivity of their exhaust.

The LEV regulations set forth procedures for establishing RAFs for different vehi-
cle/fuel combinations. Although the regulations authorize the Executive Officer to establish
RAFs under the procedures without a rulemaking, it is anticipated that all RAFs will be
established by the Board in regular rulemakings. As discussed in the next section of this
report, RAFs are based on a comparison of the ozone reactivity of an alternative fuel or
- reformulated gasoline low-emission vehicle to the ozone reactivity of a comparable conven- .
- tional gasoline low-emission vehicle. The comparison of the reactivities of the two classes of

- - vehicles is accomplished’through the application of a "maximum incremental reactivity"

(MIR) scale which identifies MIR values for the over 140 individual hydrocarbon species that
can be found in vehicle exhaust. The MIR scale is designed to reflect the relative reactivities
of the various species under one particular set of atmospheric conditions -- the conditions in
which the maximum change in ozone results from any additional hydrocarbon. 1t is under
these conditions that hydrocarbons (and consequently hydrocarbon controls) have the most
impact on ozone formation. Lower values on the MIR scale represent a lower reactivity

6



under these atmospheric. conditions, and higher values represent higher reactivities. The
scale was developed by Dr. W. Pi Carter at the Statewide Air Pollution Research Center at -
the University of California, Riverside. ' ' '

Once the RAF for a vehicle/fuel class is established, the exhaust emissions of vehiclas
in that class are multiplied by the RAF to determine compliance with the NMOG exhaust
-emission standard. For instance, if the NMOG emissions from a class of alternative fuel
vehicles are one-half as reactive as the NMOG-emissions from an equivalent conventional
gasoline vehicle, the RAF would be 0.5. The vehicle would be allowed to emit twice the
mass of NMOG as a conventional gasoline vehicle, because with the adjustment the NMOG
emissions from the two vehicles would léad to the same amount of ozone formation,

. PROPOSED AMENDMENTS TO REACTIVITY ADJUSTMENT FACTORS
A. Procedure for Calculating RAFs

In order to establish the reactivity adjustment needed for a low-emission vehicle -

- operating On a clean fuel, the ozone reactivity of emissions from a conventional gasoline low-
emission vehicle must be compared to the ozone reactivity of a comparable vehicle operating

on a clean alternative or reformulated gasoline fuel. ‘The RAF is calculated as shown below:

7 ozone/gram of clean fuel low-enission vehicle NMOG emissions
ozone/gram of conventional gasoline low-emission vehicle NMOG emissions

The terms in the numerator and denominator of the RAF equation are referred to as
the "specific reactivity,”" or grams of ozone produced for each gram-of NMOG emitted by a
vehicle. In order to measure the specific reactivity of a vehicle operating-on either conven-
tional gasoline or a clean fuel, the NMOG exhaust of that vehicle is speciated (or separated)’
into its individual components. The mass emissions per mile (mg/mi) of each separate
organic gas component is then multiplied by its associated maximum incremental reactivity
value to determine the amount of ozone formed by that compound. Each of these-individual
values is added together and the resulting value is divided by the total exhaust NMOG mass
to determine the specific reactivity of the exhaust of that vehicle. This process is used to
determine the specific reactivity for both the numerator and denominator of the RAF
- equation. In order for a vehicle to demonstrate compliance with the NMOG emission
standard, the NMOG mass emission level of a vehicle is multiplied by the RAF and the .
resulting value must be less than or equal to the applicable NMOG emission standard.

. Manufacturers'have two options when utilizing a RAF for a given fuel. They can
establish their own specific reactivity for a particular engine family (to be used in the
numerator of the RAF equation) or they can use the generic RAF developed by the ARB
which applies to all vehicles and fuels in a given emission category (TLEV, LEV or ULEV).
Both options utilize the same baseline specific reactivity (the denominator of the RAF
equation) determined by the ARB. ‘ '



B. Vehicle Selection Criteria

In the past, ‘the ARB has selected vehicles for establishing generic RAFs which met
the applicable emission standards for NMOG, CO and NOX in each emission category. To
the extent possible, vehicles that utilized technologies expected to represent future production

low-emission vehicles were selected for determining the specific reactivity values of the
numerator of the RAF equation. - This is important because the reactivity of NMOG
emissions can also vary. with vehicle technology as well as with the fuel used. ‘When no

- actual pre-production or production vehicles existed, however, engineering judgment was
used to select representative technology that could be installed on prototype test vehicles
developed by ARB engineers. While the vehicles used to develop the generic' RAFs are
believed to be representative of future production designs, data will continue to be generated
from actual production vehicles as they become available and updates or corrections to the
database will be made as needed. Appendix C contains a description of the emission control
" equipment utilized by each of the clean fuel low-emission véhicles used if developing the
ARB’s database. It should be noted that vehicles utilized for establishing the baseline
specific reactivity (denominator of the RAF equation) were assembled by ARB staff using
prototype emission control technology available in the 1990 timeframe which would enable
attainment of the low-emission vehicle standards using conventional gasoline. Unlike the .
numerator of the RAF equation, then, the baseline specific reactivity remains a fixed |
benchmark by which all future clean fuels and technologies are compared. Technologies
applied to future low-emission vehicles which reduce ozoné formation more than the
technologies used on the baseline conventional gasoline vehicles would then be credited by
yielding a lower RAF value. h

C. Airshed Modeling

. Professor Armistead-Russell of Carnegie Mellon University has been retained to
validate the RAFs through airshed modeling. The purpose of airshed modeling is to deter-
mine whether use of proposed reactivity-adjusted emissions would exacerbate ozone forma-
tion under certain atmospheric conditions. In the airshed modeling, the air quality impact
from the reactivity-adjusted NMOG emissions of a clean fuel vehicle fleet are compared to
the NMOG. emissions of a conventional gasoline low-emission vehicle fleet. If.the ratio of
the ozone formed from each scenario is close to one, the reactivity-adjustment factor would
be judged as reliable. This procedure has been employed by the ARB in the past for
previously adopted RAFs. A complete description of the results of Dr. Russell’s airshed
modeling are attached in Appendix D. . The results of Dr. Russell’s modeling for each fuel
are discussed in-more detail later. ' S

D. Status of the RAF Test Program ~

Since 1990, the ARB has been conducting-testing to establish the specific reactivities
for each emission and clean fuel category in order to determine the applicable generic RAFs.
Table III-1 identifies the baseline specific reactivities and RAFs that have been adopted thus
far (in bold). : '



‘ Table II-1 = .
- ‘Reactivity Adjustment-Factors _

Light-Duty | _ ‘Medium-Duty
Vehicles ' . Vehicles
TLEV 1EV ULEV i LEV ULEV
Fuel - ~ Baseline Specific Reactivity -
(g O, / g NMOG) -
Conventional Gasoline 3.42 | "3.13 3.13 , 3.13 3.13
RAFs
Phase 2 RFG | 098 | 094 | 094 | 09s | 094
M85 | o4t | 041 | o4 || o041 | 041
Natural Gas | 1.0 | 043 | 043 | o043 | 043
LPG | .0 | 050 | 050 || 050 | 050
ES5 | N |

Since the last biennial review in January, 1993, staff has conducted additional testing
to establish the remaining RAFs for light-duty natural gas and liquefied petroleum gas
vehicles and to establish a baseline specific reactivity for medium-duty vehicles. The test
results from these programs are listed in the above table in iralics and are summarized )
below. (The numbers that have been underlined will be discussed in Section F. below.)

1. Light-Duty Natural Gas RAF

Seven vehicles were provided to the ARB by the California Natural Gas Vehicle . ‘
Coalition to be used in deveioping RAFs. All but one (a 1992 Crown Victoria) were capable
of operating on both gasoline and natural gas. The 1992 Crown Victoria is a dedicated |
natural gas vehicle which employs a prototype system developed by Ford. - Of the other
seven vehicles, one used an ANGI fuel conversion retrofit kit and the remainder were
retrofitted with IMPCO conversion systems.

Table [II-2 contains a summary of the test results of the natural gas vehicles. A
summary of-the vehicle data and test results is contained in Appendix C-1 of this report.
Based on the results-of the seven ARB test vehicles, the staff is proposing an LEV/ULEV
natural gas generic RAF of 0.43 (1.339/3.13). The airshed modeling conducted by Dr.
Russell indicates there is no need for a correction to the RAF for LEVs and ULEVs
‘operating on natural gas. : :



Table III-2

Vehicle NMOG | CO -NOx | Ozome '
T /gram

NMOG
1992 Sierra Truck 0.067 1.433 0.243 1.124
1992 Corsica . 0.022  [o03s0 |oos0 | 1.423
1992 Ranger 0.027 | 0.537 0.174- 1.249
1992 CrownVie 0.017 1.942 0.101 1.274
1991 Acclaim 0.033 | 1.762 | 0.149 1.143
1990 Caravan 0018 | 0860 |02z - | 1441
1990 LeSabre 0.032 0.623  [o0243 | 1722
Average o 0.031 © | L072 | 0.175 -1.339

With the exception of the 1992 Sierra pick-up truck, all of the vehicles met the ULEV
NMOG levels, even without application of the proposed RAF. A combined LEV/ULEV
RAF is being proposed because there does not appear to be any appreciable difference in the
specific reactivities of natural gas vehicles with NMOG levels below 0.075 g/mi. 1t also
appears that developing a generic TLEV RAF will not be necessary because it is expected |
that the emission control technologies ‘utilized by natural gas vehicles to achieve the 0.4 or
0.2 NOx standard will also keep NMOG emissions below LEV levels. For this reason, staff -
is proposmg a default TLEV RAF of 1.0 for vehicles operating on natural gas

Statlstlcal Conﬁrmatxon of RAF. The regulanons provide that manufacturers which
choose to develop engine family specific RAFs must meet a certain statistical criterion.
Specifically, the 95% confidence level for the test data must be less than or equal to 115% of
the RAF. This criterion is applied to the variety of tests conducted for a particular engine
family during the certification process'to assure uniform performance of the vehicles. The
ARB is not required, however, to meet this criterion in developing generic RAFs because
different éngine families/vehicles are used which diminish the confidence level of the _
statistical analysis. Nevertheless, the ARB subjects the test results for individual vehicles to
this criterion in order to quantify the uniformity of the results. Appendix C-1 presents the '
results of application of the 95% upper confidence bound statistical criterion to the natural
gas.RAF data. While a few of the vehicles slightly exceed the 115% criterion as’ specified in
the test procedures for engine-family specific RAFs, staff is still proposing that the data from
these vehicles be used to establish an interim generic RAF. The variability was observed on
* vehicles that had been retrofitted to operate on both gasoline and natural gas, representing a
less advanced technology than that expected to be utilized by fully. optimized production
natural gas vehicles. , (Note that the Ford Crown Victoria, a fully optimized prototype
vehicle, meets the 115% criterion.) Nonetheless, the specific reactivity: was consistent across
the test fleet. Further, these vehicles constitute the best-available prototype vehicles for
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generating an interim generic RAF for natural gas. As inore optimized vehicles become
available, they will be added to th& database and any needed revisions would be proposed.

2. Light-Duty Liquified Petroleum Gas RAF

The ARB tested seven liquefied petroleum gas (LPG) vehicles which were capable of
operating on both gasoline and LPG. All of the vehicles were equipped with IMPCO
conversion systems and were provided to the ARB by the Western Propane Gas Association
(WPGA). A complete list of the equipment contained on the vehicles is contained in
Appendix C-2. , ' - . S

The vehicles were tested using certification fuel which meets the specifications
adopted by the Board in 1992. One specification of the fuel requires a 5% cap on the
propene (propylene) content. The LPG industry has recently expressed concern about this
limit because approxinmately one-half of the propane supply in California comes directly
from refineries where the propene content is typically over 10%, especially in parts of
northern California. The propane-industry claims to have no control over the amount of -
propene contained in these refinery streams and has requested that the limit be increased to
reflect typical refinery output. Staff is currently in the process of reviewing this issue but at
the current time the 5% limit is being maintained in large part because of the high reactivity
of propene and because production of Phase 2 gasoline in California refineries is likely to

result in lower propene content in future refinery streams of LPG.

Table ITI-3 summarizes the test results of these vehicles. .Appendix C-2 contains the
summary ‘of the speciated results and vehicle data for the LPG vehicles. c

Table III-3
Vehicle NMOG [ CO | NOx Ozone /
‘ : 1 gram
NMOG
1991 Lumina 0.096 1.147 - | 0207 1.653
1992 Taurus 0.088 2373 - | 0.100 1.479
1992 Century 0.099 | 1.103 0.199 1.336
1993 EurolLumina 0.098 1.779 0.178 . .1.475
1992 Century | -e.102 2.560 0.117 1.356
1993 Taurus 0.078 0.524 0.096 1.323
1993 Regal, - 1 0.076 1.284 0.031 1.488
AVERAGE | 008 1.200 0.096 1.424

The airshed modeling performed for the vehicles meeting the LEV standards indicates
that an upward adjustment of ten percent is necessary for LPG vehicles. Therefore, a LEV
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RAF of 0.50 (1.424/3.13 + 10%) is being proposed for vehicles operating on LPG. It also -
appears that the specific reactivities of the ULEVs are essentially the same as the LEVs. For
this reason staff is proposing the ULEV RAF be the same as the LEV LPG RAF. While the
ULEVs were not subjected to airshed modeling, previous airshed modeling performed by
Carnegie Melion University researchers and others show that ozone formation is linear over
small changes in emissions. Thus, the 10% RAF adjustment derived from emission data of
LEVs operated on LPG would also apply to the combined ULEV/LEV results.

It also appears that developing a generic TLEV RAF will not be necessary again
because it is expected that the emission control technologies utilized by LPG vehicles to
achieve the 0.4 or 0.2 NOx standard will also keep NMOG emissions below LEV levels.
For this reason, staff is propesing a default TLEV RAF of 1.0 for vehicies operating on
LPG. : : S - |

Statistical Confirmation of Dita. Appendix C-2 ¢oritains the tesults of application "
of the 95% confidence level statistical éritérion t6 the individual LPG data. "All of the -~
vehicles tested for the generic LPG' RAF meet the statistical criterion applied to engine-
family specific RAFs. =~ | : o ~

3.  LEV M85 RAF

Only preliminary testing has taken place for establishing the M85 LEV RAF., To
date, only one official vehicle has been tested, a Lumina. This vehicle is equipped with a
close coupled catalyst in addition to the main underfloor catalyst that staff estimates is
representative of the technology expected for meeting the LEV standards with M85. Table
ITII-5 summarizes the results of the Lumina; Appendix C-3 contains a summary of the
speciated results and vehicle data for the other M85 vehicles.

Table ITI-5
Vehicle NMOG co NOx™ Ozone/g
: : _ NMOG
1992 Lumina | 0.095 1.159 0.157 1.646

E. Medium-Duty Baseline Specific Reactivity .

- To date, six vehicles have been tested on conventional gasoline to develop the
. baseline specific reactivity for medium-duty vehicles. Appendix C-4 contains a summary of-
the speciated results and vehicle emission control equipment. Table IIT-6 summarizes the
emission.results obtained to date by the ARB. '
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~ Table II-6

Vehicle . Fuel NMOG CO NOx © | Ozonelg
: . | NMOG -
1993 F150 Truck | RF-A~ 0.119 L 0.840 | 0.663 2.472
1993 F150 Truck | RE-A 0172 {3142 |oss2 | 298
1994 F150 Truck RF-A 0059 . |ome |o313 3.257
1994 F150 Track | RE-A | 0.061 - 0.543 0.323 3.137
1994 F150 Truck - RE-A 0.063 0.765 | 0.346 3.102
AVERAGE \ © o jooss | 1206 0459 | 298

AAMA has also submitted data for development of the medium-duty vehicle baseline
.specific reactivity as well as for a Phase 2 RAF. Table ITI-7 lists the results obtained on
conventional gasolme : :

Table II-7 .

Conventional RF-A Gasoline
AAMA Data A
Vemicle . | NMOG | GO NOx | Ozonelg -
: NMOG
Chrysler 5.2L 0.202 257 |02 |a3se2
GM43L 0.123 | 2.42 0.35 3.57
GM 5.7L - {055 1.73. 0.57 | 4.07
GMS5.7L 0.173 {212 0.64 3.91
Ford 5.8L 0.098 2.56 0.36 . 3.53
Ford 5.8L 0.186 1.53 1 036 3.40

A review of these results indicates a large disparity in the spec1ﬁc reactivities of the |
vehicles provided by AAMA compared to the Ford trucks tested at the ARB. While the
reason for this disparity is not readlly apparent, as in past determinations; staff has elected to
_ use only vehicles meeting the emission requirements of the category which also represent the
capability of currently available emission control hardware in providing low specific
reactivity values. The Ford trucks fit this-criterion and exhibit a low average specific
reactivity - 2.98 g ozone per g NMOG.? Fér the reasons discussed below, staff is proposing

* It is noteworthy that neither the 1993 Ford truck, which meets the medium-duty LEV
standards (0.160 g/mi), nor the 1994 Ford trucks, which meet the ULEV standards
(0.100 g/mi), uses an electrically-heated catalyst.
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a baseline spéciﬁc reactivity of 3.13. Staff believes this is a reasonable determination since
the 1994 Ford truck data lie in the range of data used previously for determining the baseline
specific reactivity of light-duty vehicles.

F. Proposal for Interim RAFs

Sinee establishment of the RAF process, ARB staff, vehicle manufacturers and others
have been testing a wide variety of vehicles or a variety of clean fuels in an attempt to
establish generic RAFs. One impediment to this process is that while the clean fuels are
readily available, vehicles with technologies representative of future production LEVs and
ULEVs are few in number. This has hindered development of generic RAFs for a number
of emission categories, Lack of generic RAFs, in tum, could hinder development of some
low-emission vehicles since the emission level which a clean fuel vehicle must meet could be
uncertain. Manufacturers have therefore requested that interim values be established for
these remaining categories to allow sufficient lead time to incorporate low specific reactivity
strategies into their future production vehicles. Staff is. therefore proposing interim RAFs for
these Temainiing categories that would be effective through the 2000 model year (shown in the
Table III-1 in underline). S _

While a generous amount of information has been gathered to isolate the effects of a
variety of fuels on exhaust reactivity, comparatively less test data currently exist to isolate
the effects of engine technology and calibration choices. Since the reactivity of exhaust from
motor vehicles depends both on the properties of the fuel used in the vehicle and the
technologies and calibration techniques utilized in developing the emission control system, an
interim RAF value will provide manufacturers with sufficient lead time to develop low '
specific reactivity emission control technology. |

In previous staff reports for the LEV program, test data were presented for vehicles
operating on conventional gasoline which demonstrated that specific exhaust reactivity of
3.13 grams ozone per gram of NMOG emissions was attainablé using available production
circa-1990 vehicles equipped with prototype electrically-heated catalyst systems, This
capability determined the benchmark which future LEV and ULEV category vehicles would
need to at least meet. For those fuels and technologies which could yield even lower specific
reactivities, engine-family specific RAFs could be developed. The staff cautioned manufac-
turers, however, that if their calibration and technology choices for future low-emission
production vehicles operating on Phase 2 gasoline in particular (since its generic RAF .alone
is close to 1.0) did not achieve a specific reactivity of the exhaust less than the baseline
specific reactivity of 3.13 gramis ozone per gram NMOG, the post-2000 generic RAF would
be adjusted to a value greater than 1.0, (which would mean Phase 2 gasoline vehicle NMOG
emissions would have to be less than the current NMOG standards in order to comply. with
-the emission requirements for the LEV and ULEV categories). This should provide the -
needed incentive for manufacturers to investigate and implement primarily those technologies
and calibration technologies which achieve both low NMOG emissions and low exhaust
specific reactivity. This ensures that the ozone per mile of a clean fuel low-emission vehicle
does not exceed that of the baseline prototype low-emission vehicles operating on -convention-
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al gasoline used i)reviously to establish the technological feasibility of the low-emission
standards. . : - -

Some preliminary work in evaluating technologies and calibration methods which can
lower specific reactivity of exhaust has been done by Nissan as reported in the Society of
. Automotive Engineers paper 950807. These findings seem to indicate that for warm engine
operation, those strategies which tend to reduce NMOG also tend to increase specific
reactivity. These include low surface to volume (compact) combustion chamber designs, .
increased swirl characteristics, reduced exhaust gas recirculation, increased coolant tempera-
ture, and others. Areas where specific reactivity and NMOG were both reduced included use
of palladium containing catalysts and close-coupling of these catalysts relative to the engine.
Other results also suggest that increasing overall catalyst volume can reduce both NMOG and
specific reactivity. Since production low-emission vehicles will utilize these catalyst features,
. the potential for achieving low specific reactivity seems favorable. Yet to be evaluated, at
least based on the reported findings available to date, are evaluation of various cold start
strategies for reducing both NMOG and specific reactivity. There is some indication, for
example, that calibrating the eold start mixture ratios slightly rich of stoichiometric and using
supplemental air injection to reduce NMOG results in lower exhaust specific reactivity than
utilizing a warm-up strategy which operates slightly lean of stoichiometric coupled with high
turbulence in the combustion chamber to promote complete combustion (without air injec-
- tion). These effécts warrant further investigation since the majority of exhaust reactivity is
determined during cold engine starting and warm-up.

For the Phase 2 gasoline and methanol light-duty RAFs which-are underlined in Table
II-1, staff is proposing to carry over previously determined RAFs (i.e., the LEV RAF
would be applied to ULEVs for Phase 2 gasoline and the TLEV RAF would be applied to
LEVs and ULEVs for methanol) since the specific reactivity of vehicles is expected to
decline as emissions decrease due to implementation of more advanced catalysts which light-
off more quickly and/or are placed closer to the engine (which should yield lower specific
reactivity of the exhaust). Carrying over a RAF from-a-higher emission category would then
_provide a conservative estimate of a RAF for the lower emission categories. This should
protect against providing undeserved NMOG emission latitude by setting a RAF that is too .
low (thereby hurting air quality) while setting a reasonable RAF value upon which to target
future low-emission ‘vehicle designs. ‘ ‘

For medium-duty trucks, the similarity in baseline specific reactivity with the light-
duty vehicles coupled with the assessment that medium-duty trucks will likely utilize
generally the same emission hardware and calibration approaches as light-duty vehicles, led
staff to propose identical interim RAFs. . ‘

As production low-emission vehicles become available, ARB staff will evaluate the -
success of this approach and make adjustnents to the generic RAFs as necessary. The ARB
staff will also consider adjustments to the post-2000 generic RAFs if, after every reasonable
effort, some engine effects yielding high specific teactivity remain which can not be
explained and which do not enable some specific engines to achieve at least the baseline
specific reactivity after applying all known reactivity reducing technologies and calibration
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strategies. This approach should achieve the proper balance ‘in motivating vehicle manufac-
turers to thoroughly investigate and implement reactivity reducing approaches while provid-
ing some safety net should every reasonable effort to achieve at least the baseline specific

- reactivity fail. Manufacturers would need to document emission test results from ‘their
technology and calibration efforts in order to demonstrate an adequate good faith effort.to
rediice specific reactivity should they fail to meet the applicable baseline specific reactivity.

G.  Effect of Change in NMOG Test Methods

In 1993, the ARB adopted mgmﬁcant changes to the laboratory methods used in the
calculation and determination of the specific reactivity of vehicle exhaust emissions. All of -
the currently adopted light-duty baseline specific reactivity values (3.42 for TLEVs and 3.13
- for LEVs and ULEVs) and RAFs (0.41 for M85 TLEVs, 0.98 for Phase 2 TLEVs and 0.94

for Phase 2 LEVs) were established using the prior methods. In order to determine whether
the RAF values being proposed in the ipcoming rulemakmg would be different usmg the
rev1sed methods, staff conducted a study to deterrnme equwaience of the. methods

To do th1s staff selected fou‘r vehicles which had been tested using the old method
and then re-tested these vehicles using the methods as revised in 1993, Table III-9 contains
the results of the testing.

Table IIT-9
Comparison of NMOG Methods
Vehicie. . Method | NMOG co ANOx Ozone/
: gram. -
1952 Crown Vie- | 1990 0.098 1.645 0.313 3.484
toria : . )
3 1993 Joms 213 | o6 3.338
1992 T-Bird(l) 4 1990 . | 0.079 0.705 0.248 3.745°
1993 0.116 0.739 0.233 4.420
1992 Tempo 1990° 0.065 1.02 0.151 3.151 |
1993 0.069 1.29 '} 0.130 ° 3.249
1992 T-Bird(2) | 1990 0.046 0;812_ o170 2,886
| 1993 0.048 | 095 0.148 2.837

In three of the vehrcles there appears to be no significant d1fference in the specific
reactivity of the exhaust. Fer the Ford Thunderbird (1), however, the emission levels shifted
significantly between tests, which may have contributed to the drfference in specific reactivi-
ties. In general however, the data indicate that the two methods produce equivalent results.
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H. Environmental Impact of Reactivity Adj"ustment Facfors

The Low-Emission Vehicle (LEV) regulations were designed to be "fuel neutral,” S0
that all alternative fuel vehicles could compete in the marketplace so long as they meet.
NMOG exhaust emission standards equivalent or lower in ozone forming potential as the
NMOG standards set for vehicles fueled with conventional gasoline.. The exhaust composi-
tions of most alternative fuel vehicles are too different from conventional gasoline vehicles to
assume that they have the same ozone-forming potential per unit of mass emissions. As '
discussed earlier, a RAF could allow a vehicle operating on an alternative fuel to emit a
greater mass of NMOG; however, the net effect on ambient ozone should be no different for

“such a vehicle than for a conventional gasoline vehicles certified to the same low-emission
vehicle standard. '

_ Further, RAFs are calculated using the MIR scale, developed by Dr. William Carter.

The principal advantage of this scale is that it defines reactivity in areas where NMOG
control has its greatest benefits, the upwind areas where the highest emission densities are
found. - NMOG control is complementary to California’s NOx control program, which has its .
greatest benefits in the downwind, peak ozone areas. There is little to be gained in designing
a reactivity scale that is applicable only to areas where NMOG control has little or no benefit
in reducing ambient ozone levels. More advantages of the MIR scale over other approaches
include the ease of RAF calculations and existence of a framework that can easily incorporate -
chemical mechanism updates, While it is not possible to derive a single RAF that yields - .
precisely equal air quality benefits in all places at all times, the RAF has proven to be-a
stable quantity for places where NMOG control is important, i.e., MIR conditions. This
statement is supported by the consistency in the RAFs among all thirty-nine cities used in the
derivation of the MIR scale, and the agreement between the MIR scale and the airshed
modeling results, both for individual organic gases and the RAFs. This rulemaking does not
involve the adoption or refinement of the MIR scale. The RAF mechanism.and the initial
MIR scale were established in the original Low-Emission Vehicle rulemaking.

Thus, it is.not expected that the RAFs being proposed in this rulemaking will
contribute to greater ozone formation than comparable conventional gasoline vehicles. This
-rulemaking proposal is designed to build upon and refine the regulatory structure established
in the low-emission regulations. The proposed amendments are appropriately viewed as an
integral part of the larger low-emission vehicle regulatory program, and are not expected to
change the emission reductions that were originally projected to result from this program. *

* For a complete discussion of the RAF rulemaking process and the environmental

impacts of RAFs, please refer to the bibliography at this end of this staff: report,
which is incorporated by reference herein. . ‘
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IV. . MEDIUM-DUTY VEHICLE REVISED SIP PROPOSAL

When the U.S. Environmental Protection Agency (U.S. EPA) released its draft
Federal Implementation Plan (FIP) in February, 1994, it was concluded that a more cost-
effective plan was needed and an alternate, less costly State Implementation Plan (SIP) was
prepared that would meet the federal air quality standards by 2010.

A vital part of the SIP strategy is the control of mobile sources. This is because on-
road and off-road miobile sources together account for more than 70 percent of ozone
precursor emissions in the state. The ARB’s strategy for attainment of federal air quality .
standards is to implement a combination of improved control technology programs and
market-based control measures. There are sixteen improved control technology measures set
forth in the SIP aimed at reducing emissions from mobile sources. - One of these measures
.concemns the medium-duty vehicle category. This category includes large pick-up trucks,
vans, and delivery vehicles-having gross vehicle weight ratings of bétween 6,001 to 14,000
pounds. While significant emission reductions from this catsgory were required by the LEV
regulations adopted in 1990, eVen further reductions are called for in the SIP. The goal of
the SIP proposal was to achieve additional emission reductions of 4 tons per day (tpd) ;
Reactive Organic Gases (ROG) and 32 tpd Oxides of Nitrogen (NOx) from vehicles in this.
category. ‘The following proposal is designed to essentially achieve these goals.

A.  Description of Medium-Duty Vehicle Category

A medium-duty vehicle (MDV) is defined as having a manufacturer’s gross vehicle
-weight rating (GVWR) greater than 6,000 pounds and less than 14,000 pounds. Typically
the medium-duty category consists of light and medium-size utility vans, pick-up trucks,
small school buses and motor homes. MDVs account for an appreciable share of the motor
vehicle emission inventory even though they comprise less than six percent of the vehicle -
population. MDVs are responsible for approximately nine percent of on-road hydrocarbon,
thirteen percent of carbon monoxidé and eleven percent of NOx emissions. :

The medium-duty category is divided into two classes -.chassis-certified vehicles and
vehicles certified using the engine-dynamometer test procedure. Vehicles that are engine-
dynamometer certified include incomplete gasoline vehicles® and those powered with diesel
engines. Chassis-certified, or complete, vehicles are further divided into five weight
categories (see Table IV-3). According to manufacturer’s projections, approximately 70
percent of the MDYV population fall into the chassis-certified category and weigh less than
8,500 GVW. These MDVs are mostly gasoline pick-up trucks and sport utility vehicles..
The remaining 30 percent are engine-dynamonmieter certified vehicles and weigh between

* An incomplete vehicle usually consists of a chassis (and in some instances a cab)

minusg the cargo container. This allows a chassis/engine combination to be used in a
variety of applications ranging from delivery vars, small school buses and motor
homes. . ‘ |
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8501 - 14,000 Ibs. - This category consists of large pick-up trucks, delivery vans, motor
homes and small urban buses. : | - |

B.  Description of Revised SIP Proposal

In the SIP, staff proposed an accelerated phase-in of the cleanest vehicles in this
category, ultra-low-emission vehicles (ULEVS). This proposal was based on an updated
analysis of the feasibility of ULEVs. Based on consultations with the U.S. EPA, staff
* determined: that by applying some of the expected advancements developed for light-duty
vehicles, coupled with recent advances in diesel engine technology, cost-effective control
technology would be available for MDVs to meet the ULEV requirements- earlier than called .
for by the current requirements. Table IV-1 contains the SIP phase-in requirements.

Table IV-1

SIP Proposal

Model Yeé: Emission Category
(% Phase-In)

Tier 1 LEV ULEV
1998 80 10 10
1999 50 25 25
2000 0 50 50
2001 0 25 75
2002+ ' 0 0 100

Due to significant manufacturing alterations that would be required in the earlier years
of the implementation in the SIP, however, the automobile manufacturers asked staff to
consider proposing an alternative phase-in for medium-duty vehicles that is designed to
achieve equivalent emission reductions while minimizing the disruption to manufacturers’
already established designs. Table IV-2 contains the revised SIP phase-in being proposed in
this rulemaking. While the original SIP proposal calls for 100 % ULEVs in 2002, staff has
estimated that the revised proposal would meet the NOx reductions and come close to
meeting the ROG goal originally expected from this category. A complete analysis of the
effect of this proposal on the expected emission reductions is set forth below in Section IV-
D. - :
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“Table IV-2 :
Alternative SIP Proposal

Model Chassis-Certified Phase-In .| Engine-Cettified Phé.se-in
Year (%) )

Tier1 | LEV | ULEV | Tierl | LEV | ULEV
1998 73 25 | 2 100 0
1999 | 48 50 2 | 100 0 0
2000 23 75 2 100 0 0
2001 0 80 | 20 100 0 0
2002 0 0 |30 | o 100 0
2003 0 60 | 40 0o | w00 | o
2004 + | 0 60 | 40 0 0 | 100

C. Emission Standards

In addition to the proposed modification to the phase-in requirements, staff is
proposing changes to the actual emission standards. The following two tables (IV-3 and IV-
4) contain the proposed emission standards (underlined) for chassis-certified vehicles and
engine-dynamometer certified vehicles. o :

Chassis-certified Vehicles. For chassis-certified vehicles, staff is proposing to reduce
both the 50,000 mile and 120,000 mile LEV NOx standard to ULEV levels beginning in
1998. This will help achieve the NOx emission reductiens targeted in the SIP without.
requiring 100% ULEVs in 2002. In addition, staff is proposing a slight increase in the
120,000 mile ULEV NOx standard as requested by manufacturers because medium-duty -
vehicles experience more rigorous operating conditions (e.g., operating with a heavy cargo
load) and therefore could experience greater emission deterioration than light-duty vehicles
upon which the original values were derived. Staff is also proposing an increase in the .
ULEV CO and PM,, standards to LEV levels in order to allow manufacturers more flexibili-
ty in developing NOx emission control strategies. ‘This increase is not expected to affect CO-
- or PM,, attainment (see section IV-G for a discussion of the environmental impact of this
proposal). '

Pursuant to a request from the automobile manufacturers, staff is proposing an
extension of the intermediate in-use standards which would give the manufacturers an extra -
margin for. in-use compliance during the initial introductory period for LEVs and ULEVs that
would ensure durable LEV and ULEV designs. While manufacturers will still need to
demonstrate compliance with the actual emission standard at the time of certification, the
. slightly more lenient intermediate in-use standards will provide them with an extra cushion
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should they exceed the actual standards in-use by a small margin during the first few years of
production. The current intermediate in-use LEV arid ULEV standards sunset in 1999 and
only include in-use liability to 50,000 miles. However, because the LEV NOx standard has -
been lowered to the ULEV level beginning in 1998, and because manufacturers will not be
producing significant numbers of ULEVs until the 2001 model. year, staff is proposing an
extension of the intermediate in-use NMOG and NOx standards. Staff is also proposing the
incorporation of 120,000 mile intermediate in-use standards because of the extended time
with which manufacturers now have to comply. The numbers in parentheses for NMOG
standards would apply to LEVs through the 1999 model year antd to ULEVs through the
2002 model year. The intermediate in-use NOx standards would apply to LEVs and ULEVs
through the 2000 modeI year, -
TABLE IV-3 _
PROPOSED EXHAUST EMISSION STANDARDS FOR
MEDIUM-DUTY CHASSIS-CERTIFIED VEHICLES

- B ("g/mi")
- . Durability . =~ Vehicle
Test " Vehicle Emission
Weight (Ibs) Basis (mi) Categorv  NMOG Cco NOx PM
3751-5750 50,000 . LEV 0.160 (.238) 4.4 0.4 (0.6) n/a
s -+ ULEV 0.100 (.128) 4.4 0.4 (0.6) nfa’
o SLEV 0.050 2.2 0.2 - n/a’
120,000 LEV . 0.230 . . 6.4 0.6 (0.8)  0.10
ULEV 0.143 (.160) 6.4 0.6 (0.8) 0.05
SLEV 0.072 3.2 0.3 0.05
5751-8500 50,000 LEV 0.195 (.293) 5.0 0.60.9) ° n/a
ULEV 0.117 (.156) 3.0 0.6 (0.9 n/a
SLEV 0.059 2.5 0.3 n/a
120,000 LEV 0.280 7.3 0.9 1.2y 0.12
ULEV 0.167 (.195) 7.3 0.9 (1.2) 0.06
- : SLEV 0.084 3.7 0.45 0.06
8501- 50,000 LEV 0.230 (.345) 5.5 0.7 (1.0 n/a
- 10000 ] ULEV 0.138 (.184) 5.5 0.7 (1.0 n/a
- SLEV 0.069 2.8 0.35 . n/a -
‘120,000 LEV - 0.330 3.1 1.00.3 0.12 .
ULEV 0.197 (.230) 8.1 1.0 (1.3) 0.06
' SLEV - 0.100 4.1 0.5 - 0.06
10,001- 50,000 LEV . 0.300 (.450) 7.0 1.0 (1.5 n/a
14000 ‘ ULEV 0.180 (.240) 7.0 1.04.5 n/a
- - SLEV 0.09 3.5 0.5 n/2
120,000 _ LEV - 0.430 . 10.3 1.5 2.0 0.12
. ULEV 0.257 (.300) 10.3 15 2.0) 0.06
SLEV 0.130 - 5.2 0.7 0.06

¥
|

In response to a request from the natural gas industry, a new category is being estab-
lished, "Super Low Emission Vehicle" or "SLEV." This category is not required, but can be
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used to offset deficits created by the harder to control engine families because it receives
extra NMOG credit equal to 1.7 times a LEV. This multiplier is based on the percent
reduction from the LEV NMOG standard (e.g., a SLEV is 70% lower than a LEV; therefore
the multiplier is 1.7)." It is anticipated that primarily alternative fuel vehicles will be able to -
actiieve these levels, which are 50% below the ULEV standards.

- Engine-Dynamometer-Certified Vehicles. For engine-dynamometer certified
vehicles, staff is proposing that the LEV ROG + NOx standard be decreased to 3.0 g/bhp-hr
beginning in 2002 and that the ULEV CO, formaldehyde and particulate standards be '
increased to LEV levels. When the ULEV standards were originally proposed, the consen-
sus was that only alternative fuel vehicles would be capable of certifying as a ULEV. While
the latest technology analysis indicates that diesel vehicles will be capable of meeting this
level, this assessment relies on the need to amend the particulate standard in order to provide
manufacturers more surety in meeting the NOx standards. +Finally, medium-duty vehicles
certified to the engine-dynamometer standards ‘will be allowed to certify to the Tier 1
standards through 2001 (one model year later than is allowed for the chassis-certified
vehicles) to avoid emission requirements that are applicable for only one year, ~

Staff is also proposing new NOx standards for engine-dynamometer certified vehicles
beginning in 2004 that would align with regulations that are currently being considered at the -
federal level. In July, 1995, the U.S. EPA, along with engine manufacturers and the ARB,
issued a Statement of Principles outlining the proposed NOx standards. Specifically, the
U.S. EPA is proposing both a combined NMHC + NOx standard of 2.4 g/bhp-hr and a
combined NMHC + NOx standard of 2.5 g/bhp-hr with a NMHC cap of 0.5 g/bhp-hr.
These standards are expected to result in emissions comparable to a 2.0 g/bhp-hr NOx _’
standard. Because the final federal rule will not be available until next year, however, staff .
is proposing a 0.5 g/bhp-hr NMHC standard ‘and a 2.0 g/bhp-hr NOx standard at this time.
The ARB will consider adoption of the anticipated federal requirements for medium-duty
vehicles within one year after adoption by the U.S. EPA. Table IV-4 sets forth the proposed
- standards. e R
TABLE IV4

Medium-Duty Engine-Certified Emission Standards
(g/bhp-hr)

Model Year Vehicle Carbon Non-Methane Formaldehyde Particulates

' - Emissions - Monoxide Hydrocarbons and .

Category Oxides of Nitrogen
1992 emd-gub- | LEV - 14.4 3.5 - 0050 . |010
sequent - 2001 : s _
2002-2003 LEV 14.4 3.0 0.050 0.10
1992-2003 | ULEV F214.4 2.5 0.025 8-85 0.10
1996 and sub- SLEV 7.2 2.0 0.025 0.05
sequent ’
2004 and sub- ULEV 14.4 NMHC | NOx | 0.050 0.10
sequent
’ ' 0.5 2.0
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D. - Inventory Analysis of Enhanced MDV Proposal

In order to determine the estimated emission reductions attributable to staff's
proposal, it was necessary to analyze its effect on the emission inventory. However, the -
ARB’s emission inventory is currently in the process of being revised with respect to the
contribution of medium-duty vehiclds. In order to develop the current proposal, staff needed
to make several changes to the assumptions used in the emission inventory so that it would
more accurately reflect the MDV fleet. To do this, staff prepared its own inventory model.
This model, along with the corresponding assumptions, was developed in cooperation with
experts representing industry in order to achieve consensus in the methodology. The _
following describes staff’s inventory model, the corresponding assumptions made concerning
the medium-duty vehicle fleet, and the estimated emission reductions attributable to staff’s
revised strategy for achieving the medium-duty vehicle (MDV) emission reductions required
by the SIP in 2010. :

1. ©  SIP Proposal

The SIP proposal, adopted by the Board in November, 1994, called for the accelerat-
ed introduction of medium-duty ULEVs (100% in 2002) compared to the original LEV'
program requirements. Based on the inventory model available during the development of -
the SIP proposal ("SIP inventory model”), the goal of the SIP was to reduce the medium-
duty vehicle emission inventory by 4 tons per day (tpd) for reactive organic gases (ROG) and
32 tpd for NOx in the South Coast Air Basin.® As mentioned above, these estimates were
based on an inventory which characterizes the medium-duty fleet in very general terms. The
emission inventory considered parameters such as number of registered vehicles on the road,
number of vehicle miles traveled per day, and emission rates of the vehicles to estimate the
emissions for a given area. Staff’s more current inventory model ("revised SIP inventory
model") includes several adjustments to the assumptions concerning the emission rates of
medium-duty vehicles. The result is that the NOx reductions achieved from implementing
the original SIP proposal are overestimated. Based on staff’s more recent analysis, the actual

-NOx emission reductions achieved by the adopted SIP proposal are actually 23.5 tons per
day. The adjustments are discussed below. -

Reduction from Tier 1 Standards. The SIP inventory model assumed that the actual
emission tonnage reductions are proportional to the percent reduction of the more stringent
‘emission standard compared to" 1995 (Tier 1) standards. For example, if the percent
reduction of an emission standard is 50% (e.g., from Tier 1 to ULEV levels), the same
percent emission tonnage reductions would be expected in the emission inventory:

The SIP ihven_iorj model assumed that the NOx reduction from Tier l.to ULEV "
would be 50% for chassis-certified vehicles-and also for engines certified to the engine-

S The SIP is designed to obtain benefits statewide, but the targeted final level of control
is based primarily on the emission reductions needed for the South Coast Air Basin
. because of the severity of the problem in that air basin.
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dynamometer standards. For chassis-certified vehicles, however, the more accurate percent

NOx reduction from Tier 1 to ULEV is 45%. For diesel engines, the more accurate percent

reduction is 36% for NOx and 40% for ROG and for incomplete gasoline vehicles, it is 36%

for NOx and 34% for ROG. The result is that the SIP inventory model overestlmated the

amount of ROG and N Ox ermsszon reductions. :
. - Characterization of Engme—Dynamometer Certified Category. The SIP inventory
model dssumed that engine-dynamometer certified vehicles are certified to separate ROG and
NOx standards and therefore assumed that if the chassis-certified NMOG standard ‘were

- reduced by 50%, this same percentage would be applied to engine-dynamometer certified .
vehicles. However, engine-dynamometer certified vehicles must certify to a combined ROG
+ NOx standard. Based on 1995 certification data, staff has determined that the more .
accurate relative percent contribution to ROG + NOx for diesel engines is 5% ROG/ 95%
NOx and for incomplete gasoline engines it is 15% ROG/ 85% NOx.

This adJustment reduces the NOx emission beneﬁt in the rev1sed SIP 1nventory model
because the emission standards for ULEV engine-certified diesels and incomplete gasoline
vehicles (8,500-14,000 lbs.) are not proportionally as stringent as those for chassis-certified
vehicles when compared to 1995 (Tier 1) standards. For example, the NOx percent
reduction for chassis-certified vehicles is 45%, while the NOx reduction for diesel vehicles is
actually 36%. In addition, this benefit is further lessened because emissions from engine- ..
certified vehicles comprise approximately 53% of the total NOx emissions from the medium-
duty vehicle fleet. Hence, changing the inventory to reflect that vehicles certifying to the
engine standards will not-be-required to reduce emissions to the same extent as vehicles
certifying to chassis standards reduces the originally assumed benefits of the SIP proposal.

Incomplete Gasoline Vehicles. Incomplete gasoline vehicles in the 8,500-14,000
GVW category make up only a small portion of the fleet (5%), however, the SIP inventory
model assumed that all incomplete gasoline vehicles would certify to the engine-dynamometer
standards. According to a combination of certification data and manufacturer’s projected -
sales estimates of the engine and chassis categories, staff has estimated that approximately -
72% of gasoline vehicles in this weight class will continue to be certified to the optional
engine standards and the remaining 28 % will be chassis-certified.

Based on these three adjustments, the 2010 emission reductions attributable to the
original SIP proposal are 3.8 tpd ROG and 23.5 tpd NOx. Table IV-5 contains the orjginal
and revised emission reduction estimates. The complete revised SIP scenario with the ‘
segregated tonnage reductions is attached as Scenario 1 at the end of this staff report. (More -
detailed information concerning the assumpﬂons used in these calculations is contained in
Appendlx E.} : .

-
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 TableIV-5s .
2010 Original and Revised SIP Proposal
Estimated Emission Reductions

ROG . - NOx
3.8 - 235

'2. . Staff’s Proposal -

~ In addition to the adjustments made to the original SIP inventory model, staff has also
made the following adjustments to the inventory to reflect the proposed revisions to the
‘medium-duty low-emission. vehicle phase-in requirements and emission standards.

‘Engine-Certified Phase-In. The SIP proposal assumed that both chassis-certified
vehicles and engine-dynamometer vehicles would meet the same phase-in requirements;
however, staff now believes that it is not possible for engine manufacturers to meet the
increasing phase-in requirements set forth in that proposal. The contribution of engine-
dynamometer certified vehicles to the total medium-duty truck inventory, however, is signifi-
cant (approximately 53% of the total NOx emissions) and needs to be accurately character-
ized. In most cases vehicle manufacturers have only one engine family in the engine
category. This precludes them from producing increasing percentages of LEVs or ULEVs
because, with only one engine family, a manufacturer will most likely produce 100% or 0%
of a given category in a model year. In order to more accurately account for the contribu-
tion of engine-dynamometer vehicles to the inventory, staff has made the following calcula-
tion adjustments to the phase-in percentages:
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Model Chassis-Certified Phase-In Engine-Certified Phase-in
Year (%) (%)
| Tier] | LEV | ULEV | Tier1 | LEV’ | ULEV
1998 | 73 | 25 2 100 0 0
Tl 1999 48 | .50 2 100 | 0 0
2000 23 75 2 | “100 0 0
2001 0 80 20 100 0 0 .
2002 o | 70 30 0 100 | 0
200 | o | e | 4 | o | w0 | o |.
2004 + 0 60 0 b oo 0 100~

It is important to noté that while this table shows separate phaseé-in percentages for’
chassis-certified vehicles and envme-dynamometer certified vehicles, the ex1st1ng regulation
does not segregate these categones

Federal NOx Standard. The current medium-duty ULEV standard is 2.5 g/bhp hI
ROG + NOx for engine-dynamometer certified vehicles. Since the federal NOx standard
being considered will apply to all engine-dynamometer certified categories, staff is proposing
that the medium-duty ROG+NOx standard be aligned with the federal standards-in 2004.
Staff’s current proposal includes a proposed separate 2.0 g/bhp-hr NOx standard and 0.5
g/bhp-hr NMHC standard (the heavy-duty standard is in terms of hydrocarbons instead of the
more inclusive ROG) beginning in 2004 (signified as 100% ULEVs for the engine-dynamom-
eter certified category), since federally-certified engines in this category are expected to meet
these standards. While neither EMA nor the American Automobile Manufacturer’s Associa-
tion (AAMA) included this federal standard in their proposals because it has not yet been
adopted by the U.S. EPA,® it would not be possible to achieve the emission reduction goals

7 Beginrﬁng in 2002, the LEV standard will be reduced to 3.0 grams per brake horse-
power-hour from 3.5 grams per brake horsepower-hour.

Under the current regulation (for example in 1998) a -manufacturer need enly produce
LEVs equal to 25% of its entire fleet rather than 25% chass1s-cert1ﬁed LEVs and
25% engine LEVs. : .

® While EMA believes that the federal standard will probably be 2.0 grams per brake
horsepower-hour in 2004, they oppose ARB adoption of this standard at this time.
They prefer language that the ARB intends to adopt that standard concurrent with the
federal government. They do not object to that number being used in the inventory
for modehng PUIpOSEs.

-2 6-



of the SIP without making this a speaﬁc requirement.'® Therefore, staff’s proposal mcludes
a 2.0 g/bhp -hr NOx standard and a 0.5 g/bhp- hr NMHC standard in 2004,

Contrlbutmn of ROG to ROG+NOx Standard. Finally, staff has reanalyzed the -
contribution of ROG emissions expected from a combined 2.5 g/bhp-hr ROG + NOx
-standard where 2.0"g/bhp-hr'is the NOx standard. Current certification data indicate that
diesels which meet a 2.0.g/bhp-hr NOx standard will have estimated ROG emissions of 0.11
g/bhp-hr while gasohne engines which meet a 2.0 g/bhp-hr NOx standard will have estimated
ROG emissions of 0.35 g/bhp-hr. The effect of this adjustment is reflected in the revised
ermssmn reduction estimate,

' The emission reductions attributable t6 the staff’s current proposal are set forth in
Table IV-6. The complete scenario is attached as Scenario 2 at the end of this staff report.
This proposal, then, exceeds the revised NOx emission reductions calculated from the SIP,
However, it also falls short of the estimated 32 tpd NOx reduction goal. (More detailed
mformatlon concerning the assumptions used in these calculations is contained in Appenduc
E) S o o

Table IV-6
_ARB_/AAMA/EMA’. Pro_po_sal
ROG . NOx
SIP 38 | 235
Staff Proposal - 2.0 23.9

While the staff proposal achieves much of the expected ROG emission inventory
reduction, technological uncertainty precluded the staff from proposing a more aggressive
phase-in of advanced ROG specific technology at this time. The staff needs additional time
to assess emerging technologies such as gas burner catalyst systems and hydrocarbon traps in
terms of cost-effectiveness and reliability in achieving additional ROG reductions for the
chassis-certified vehicles. Accordingly, staff plans to revisit this proposal in 1998 when
additional development and evaluation of new ROG control technologies will be available and
to propose any appropriate revisions.

E. Technologiéal Feasibility
Although most of the engines in medium-duty vehicles are derived frém gasoline

pasisenger car.applications, the increased weight and load capacity of these vehicles requires
some alteration of the engine and emission control system design. These are > necessary even

'® The counterproposal submitted by EMA (3.0 g/bhp-hr NOx in 2002 and 2.0 g/bhp-hr -
NOx in 2006) falls short of the SIP goal by approximately 2 tpd.
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though the emission requirements for medium-duty vehicles have been adjusted upward
relative to light-duty vehicles, largely because these vehicles can experience more severe
operating conditions than passenger cars. Unlike light-duty vehicles, the medium-duty
category also includes a significant number of diesel engines. Further, this category will
likely include a higher proportion of alternative fuel vehicles since these vehicles more easily °
accommodate heavy, bulky fuel storage sy’stems. and are more likely to be used in flest
service. :

Further complicating an analysis of the technological feasibility of emission require- -
ments for medium-duty vehicles is the availability of an engine dynamometer certification
process as an optior to the chassis dynamometer certification process. The engine dynamom-
eter option is limited, however, to incomplete gasoline vehicles (i.e., vehicles sold unfinished
by the original manufacturer in order to allow for special applications such as motor home
installations, large cargo boxes, etc., by secondary manufacturers.) and diesel éngines,

~ " The ARB staff has recently performed emission testing of some medium-diity véhicles
in order to assess the capability of current technology. The following summary provides a
discussion of numerous options to improve current emission performance, with special
emphasis on the need for these control systems to remain durable throughout the vehicle life
since these vehicles may operate on a more severe duty cycle than light-duty vehicles.

1. - Chassis Certified - Gasoline Vehicle Technolbgy

The ARB staff has been conducting a test program to assess the exhaust reactivity of .

“current medium-duty vehicles for the purpose of determining RAFs. (See Part III of this
staff report for a discussion of RAFs). Emission results from two 1994 Ford F150 trucks
‘equipped with the 5.0 liter engine indicate capability of achieving ULEV emission levels at
low to moderate mileage. The emission results of this vehicle model actually are well below
the ULEV emission standards, especially for NMOG and CO. Emission results of similar
1993 Ford F150 models did not attain ULEV levels, but they did meet LEV levels. The -
probable reason for the better performance of the 1994 F150 compared to the 1993 version is
incorporation of sequential multi-port fuel injection on the 1994 trucks since these trucks are
otherwise apparently identical. The emission values of the Ford F150 trucks are shown
below along with the applicable emission standards.
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Table IV-7 - Emission Test Results of Ford 150 Trucks

Vehicle .| Emission Controls NMOG CcO NOx

T : . (g/mi) (g/mi) | (g/mi)
1993 Ford F150 - 5.0L TWC, ox. eat., secondary air inj.,- 0.088 0.798 . 0.630
23,000 miles . heated O2 sensor, EGR, multiport uE :

fue! inj. P
1993 Ford F150 - 5.0L ‘same as above | 0.148 3.594 0.673
27,400 miles
1994 Ford F150 - 5.0L TWC, ox. cat., secondary a.1r inj., | 0.041 0.630 | 0.362
5,500 miles beated O2 sensor, EGR, sequen-
: tial multiport fuel inj.

1994 Ford F150 -5.0L . same as above ‘ ‘ 0.046 0.501 0.321
10,500 miles - ’ :
1994 Ford F150 - 5.0L same ds above 0.055 | 0.591 = | 0.366
21,000 miles ' -
LEV standard* : o 0.160 4.4 0.7

ULEV standard* -l ' - {010 |22 - |04

* Emission standards for medium4duty vehicles with test weight between 3751 and 5750 Ibs.

Since all of the test vehicles had accumulated fairly low mileage in our initial tests,
the staff recognizes the deteriorated emission levels will likely be higher than these results.
Ford presented emission data from high mileage delivery vehicles equipped with an engine
similar to the Ford F150’s. Their data indicate that at higher mileages, deterioration can
‘cause emissions to substantially exceed the ULEV standards before the applicable mileage
requirements (i.e., 50,000 miies and 120,000 miles). While it is acknowledged that further
development work.could be needed on the Ford F150 to ensure low in-use emissions, staff
estimates that the level of technology on this vehicle approximates the type of emission
_controls needed to achieve low-emission levels for the lighter vehicles of the medium-vehicle
category, i.e., less than 8,500 pounds gross vehicle weight rating (GVW). By incorporating
even further improved fuel controls such as those already used on several light-duty vehiclés,
e.g., dual oxygen sensor compensation systems, adaptive transient fuel control, air-assisted
fuel injectors, and improving the durability and light-off characteristics of the catalyst
system, in-use emission performance at high mileage should be enhanced.

For one of the ARB’s 1994 F150 trucks, thermocouples were added to the catalyst to
monitor peak catalyst temperatures during extreme driving conditiods. In perhaps the most
severe test, the truck was driven over the "grapevine" pass in Southern California with the
truck pulling a 2000 1b. trailer and the truck bed filled with 1200 pounds of ballast (this is a
6 percent, 3 mile long grade). Despite the extreme conditions, catalyst temperatures
remained below 800°C (with brief excursions to-900°C), which suggests that newer palladium
catalysts should easily withstand the most severe conditions without significant deterioration.

29-



In order to further evaluate the émissions durability of this vehicle, ARB staff also drove this
truck over 2000 miles while loaded with 1400 pounds of payload in the bed and pulling a
3450 pound trailer. The truck was driven through various dnvmg conditions and FTP tests
were conducted as the miles accurnulated to evaluate any emissions degradation which may
‘occur.  Although emission levels initially increased as the mileage accumulated, they
eventually leveled off and have been decreasing to levels equivalent to those at the begmnmg
of testing. . The results of these tests seem to indicate that emission deterioration on this later
model truck may not be as substantIal as earlier prOJected The resuits of the tests are shown
in the Table below: S

* Emission Tests of 1994 Ford F150 XLT Pick-Up
(1400 1b. of payload and pulling a 3450 1b. trailer)

Date Test =~ Mileage NMEC | co NOx
. 1 - | -@miy- - (ghmi) (g/mi) -
S/18/95 | 10030 | 26,884 009 | osm | v4a N
{l 5119195 10C31 26,907 0.108 0.916 0.400
5/23/95 1032 26,927 0.090 1.135 | 0.404
5/24/95 10C33 26,962 0.098 |  0.980 0.406
6/23/95 10C34 28,982 . 0079 1.098 0.4380
6/28/95 10c35 | 29,090 0.069 ~ 0.638 0.466
629195 10C36 29,102 0.081 0.742 0:403
6/30/95 10C37 29,113 0.085 [ 0.700 0.382
w5 10c38 29.160 | 0.068 | 1.006 0.369
a. Strategies to Reduce Emission Levels and Deterioration *

Engine Improvements. One method manufacturers may use to improve emission
performance is to reduce engine-out emission levels (i.e., prior to aftertreatment by the
catalytic converter system), Engine-out emissions can be reduced through several techniques
such as reducing crevice volumes .'around the pistons and improving fuel control and delivery.

Reduced Crev1ce Volumes. By reducing crevice volumes unburned fuel
trapped inside the area surrounding the piston above the top ring would be dimin-
ished, thereby decreasing hydrocarbon (HC) emissions. To reduce crevice volumes,
vehicle manufacturers are redesigning engines to include pistons with reduced top
"land” heights (the distance between the top of the piston and the first ring). Al

. though reducing the top land height could reduce durability of the piston, especially
for medium-duty-vehicles with demanding duty cycles, it is projected that improved
design and materials will allow moving the ring higher on the piston.
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Improved Fuel Control. Improved fuel control can be achieved by incorpo- -
rating some of the advanced technologies which are already being introduced on
passenger cars such as dual oxygen sensor compensation systems, adaptive transient °
fuel controls, and air-assisted fuel injectors (1, 2). Since three-way catalytic convert-
ers operate most effectively at converting hydrocarbons, carbon monoxide, and oxides
of nitrogen at a stoichiometric air/fuel ratio (where the amount of air is just sufficient
to completely burn all of the. fuel), precise fuel control is important in achiéving
maximum pollutant convers1on efficiency (Flgure 1). .
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Figurre 1

a. Dual Oxygen Sensor Compensation Systems. Although the conven-
tional (single oxygen sensor) fuel control systems which are installed on the majority
of medium-duty gasoline vehicles (including the F150 trucks discussed previously)
are capable of maintaining precme fuel control when new, they tend to deteriorate as
they age. To maintain precise fuel controi as a vehicle ages, dual OXYgen Sensor
compensation systems can be used. These systems utilize the signal from a second
oxygen sensor to compare with the primary oxygen sensor. The second oxygen
sensor operates in a lower temperature environment-and is less subject to poisons, so
that it should operate reliably throughout the life of the vehicle. Should the primary -
oxygen sensor begin to exhibit slow response or drift in its calibration, the second
oXxygen sensor can be used to modify fuel control to correct for these effects. In this
way, dual oxygen sensor cornpensaﬁon systems would allow rnedlum -duty vehicles to

. maintain more accurate, precise fuel control as they age.
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b. . Adaptive Fuel Controls. Current vehicles incorporate an adaptive fuel
control system which automatically adjusts for component wear, changing environ-
mental conditions, varying fuel composition, etc. to more closely maintain a proper
.air-fuel ratio under some driving conditions. For most fuel control systems today,
this adaptation process affects only steady-state operating conditions (i.e., constant or
slowly changing throttle conditions). In the future, -these systems -are expected to be
further improved to include adaptation during transient driving conditions (i.e., more
rapid throttle changes). Medium-duty véhicles are projected to utilize this advanced
fuel control in order to maintain low-emissions for more driving conditions.

c. Air-assisted Fuel Injectors. In order to encourage more complete
‘burning and the attendant emission reductions of an improved air-fuel mixture,

- medium-duty vehicles can utilize air-assisted fuel injectors (1). By mixing air with
the fuel as it is being injected into the combustion chamber, better fuel atomization,
more efficient combustion.and reduced emissions can be achieved. Because of its
benefits, air-assisted injectors are increasingly being introduced on more passenger
vehicle applications each year. F -'

Improved Catalyst Systems. Another very important method vehicle manufacturers
may utilize to help achieve and maintain low emissioris is improving the catalyst system. The
catalytic converter is the primary emission control component on vehicles today. It has the
capability to convert more than 90% of the exhaust pollutants to harmless substances.
However, the converter has little pollutant conversion capability until it reaches operating
temperature. By locating a catalyst closer to the engine, the heat lost before the catalyst can
be minimized, thereby allowing the catalyst to reach operating temperature more quickly.
There are, however, concerns about the deterioration effects of higher catalyst temperatures
which can result from moving the catalytic converter closer to the engine, -

_ Although higher catalyst temperatures during vehicle warm-up are beneficial to
pollutant conversion efficiency, catalyst temperatures that are otherwise too high can quickly
degrade a catalyst. Catalysts are most susceptible to thermal degradation during sustained
high speed or high load driving when exhaust temperatures are at their highest. Therefore,
moving the catalytic converter closer to the engine, while reducing light-off times (i.e., the
time it takes the catalyst to reach operating temperature) could also prematurely degrade the
catalyst if exhaust temperatures are not controlled. However, due to several recent develop-
ments in catalytic converter design, manufacturers now have several options to prevent.
thermal deterioration while improving catalyst light-off. '

Palladium high temperature catalysts. Three-way catalytic converters
traditionally utilize primarily rhodium and platinum to control the emissions of all
three major pollutants (HC, CO and NOx). Although this type of catalyst is very
effective at coriverting exhaust pollutants, rhodium, which-is primarily used to convert
NOx, tends to thermally deteriorate at temperaturés significantly lower than platinum.
Recent advances in palladium-only and tri-metal (i.e., Pd-Pt-Rh) three-way catalyst
technology, however, have improved both the light-off performance and high temper-
ature durability of previous catalysts (4, 5, 6, 7).
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Palladium-only and tri-metal catalysts have several advantages over platmumv

~ thodium three-way catalysts. First, palladium-only and" tri-metal catalysts operate
effectively at lower terhperatures than rhodium catalysts (they have a conversion
efficiency of 90% at temperatures 70°F lower than conventional catalysts according to
one manufacturer). Second, palladium-only and tri-metal catalysts can tolerate
temperatures up to 100°F h1gher than conventional three-way catalysts before thermal
degradation would occur. Also, palladium is significantly less expensive than either
rthodium or platinum, although specification of advanced high technology washcoats
which 1mprove catalyst performance and durability tend to restore overall catalyst
costs to previous levels. -

With the improvements in light-off capability, catalysts may not need to be
placed as close to the engine as previously thought. However, if placement closer to
the engire is still required for better emission performance, these improved catalysts
would be more capable of surviving the higher temperature environment without
deteriorating. : :

Electrically-heated Catalysts (EHCs). Instead of placing catalysts closer to
the engine for improved pollutant conversion performance, manufacturers could utilize
electrically-heated catalysts to provide the heat energy necessary to attain catalyst
hght—off Using electrical energy to heat a metallic catalyst substrate has been proven
in many studies to be an effective method to achieve lower emissions (8, 9). At this
time, electrically-heated'catalysts are considered to be a key technology which will
allow the larger gasoline passenger cars to meet the ULEV requirements. Since the
ULEV emission control technology required for the lighter medium- -duty vehicles is
projected to be similar to the larger passenger cars, EHCs may also be used on these
- vehicles. Use of EHCs on the larger medium-duty vehicles, however, may not be as
effective since energy requirements to heat larger catalyst volumes may not be
practical with available on- board electrical energy.

In the early years of EHC development, there was concern that the electrical
energy and power requirements needed to provide the heat energy necessary to
achieve ULEV emissions would require major upgrades to a vehicle’s electrical
system, including alternator upgrades, a separate dedicated battery to power the EHC
and other electrical improvements, Recent advancements in EHC designs, however,
have substantially reduced this concern. Largely by reducing the mass of the EHC,
energy and power requirements have been reduced to levels low enough so that fewer
electrical improvements would be needed on most passenger car applications while
still achieving low-emission levels (8, 10). More recently, substantial upgrades have
been made to the electrical connectors of the EHC itself (see Figure 2). The ARB
has received indication from one vehicle manufacturer that for a potential light-duty
truck application, EHCs are meeting their durablhty goals for the substrate structure,
although further electrical connector evaluation i ongoing. While these systems
could also be used in the lighter medium-duty vehicle classes, the larger vehicles may -
require additional electrical energy capacity and power (whlch may exceed a vehicle’s
conventional electrical system) to achieve low-emission levels. This additional
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electrical power and energy might be provided with some of the electrical upgrades
described previously or possibly through the use of ultracapacitors (11).

Figure 2: EHC with Upgraded Electrical Connectors

With these improvements and continued development, EHCs are projected to
be a viable technology at least for the lighter gasdline vehicles in the medium-duty
vehicle class (less than 8,500 lbs.) within the timeframe of the proposed standards.

By-pass Catalysts. Some vehicle manufacturers are investigating the use of
by-pass catalyst systems to reduce exposure to high exhaust temperatures. A bypass’
catalyst consists of a relatively small catalytic converter located close to the engine
which operates only during cold-start conditions, and is bypassed at all other times.
Because of its relatively small size and location, the bypass catalyst reaches operating
temperature rapidly. Since it is bypassed during normal operating conditions, it would
avoid the high temperature environment which can deteriorate the catalyst. Utilizing a
bypass catalyst to avoid high exhaust temperatures is not a new concept. General
Motors developed a bypass catalyst system during the early 1970s. GM’s bypass
system was intended to be used to meet the emission standards of that period, howev-
er, the standards eventually could be met without the system. Thus, it was never
used ii production, '

The main technical concern with the bypass catalyst system is the reliability of
the bypass valve. If the valve fails in the open position or if there is leakage past the
valve, the bypass catalyst would be subjected to high temperatures which can decrease
its life. In contrast, if the valve does not open properly, thé quick light-off capability
of the bypass catalyst would not be realized causing emissions to increase. Although
monitoring the valve with an on-board diagnostic system would detect malfunctions,
manufacturers are hesitant to use bypass systems unless reliability is proven.
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Other concerns with the bypass system include the large amount of space
required and the cost of the system. Since the bypass system requires an additional
catalyst and associated piping be combined into a conventional catalyst system,
adequate space under the vehicle or within the engine bay may be difficult to find.
Also, some manufacturers have expressed concern regarding the complexity and cost

- of a durable by-pass valve. However, even with these concerns, at least one vehicle
manufacturer continues to consider the bypass system a viable technology for their
vehicle applications. - ‘ |

Fuel Burner or Exhaust Gas Ignition Systems. Instead of utilizing exhaust
heat orelectrical energy to warm the catalyst system, some manufacturers are '
developing systems which utilize the heat energy from fue} burning. Depending on
the method of fuel delivery to the fuel burning device, these systems are called either
fuel burner or exhaust gas igrition systems (12).

Fuel bumers heat the catalyst using fuel delivered from the vehicle’s fuel
system. During cold-start situations, fuel and air are delivered directly to a burner
- which is located just before the light-off catalyst. An ignition device is then used to
burn the fuel mixture to provide the heat energy needed to light-off the adjacent
catalyst. Because fuel burners are capable of providing a large amount of heat energy
quickly, the catalyst reaches operating temperature very quickly, thereby reducing
cold-start emissions. Although the heat required for achieving ULEV emission
- performance can be attained by fuel burners, manufacturers have expressed concern
regarding-the complexity, durability, and cost of this system. With continuing
development of the fuel burner system, the strengths of the system may outweigh the
negatives. ‘ ' I
| As an alternative to the fuel burner system, manufacturers could instead
incorporate exhaust gas ignition systems.. Similar to the fuel burner, this system
provides heat to light-off the catalyst quickly by burning fuel upstream of the catalyst.
Unlike the fuel burner, however, the fuel is provided through a rich exhaust gas
mixture from the engine. A rich air-fuel mixture is needed in the engine to provide
sufficiently high concentrations of CO and hydrogen in the vicinity of the spark plug
for igniting the mixture upstream of the catalyst to be heated. Since this method
eliminates the need for a fuel injection system -and burner assembly, complexity is
reduced. However, like the fuel burner, a malfunction in the system could cause
emissions to increase substantially. Also, there are concerns regarding the adverse
effects of providing a very rich-combustion mixture to the engine, e.g.,. dilution of the
lubrication oil with unbumed fuel.

Long-term Strategies. While the aftertreatment strategies discussed in the previous
section have been under development for automotive use for several years, the following
technologies are either fairly new or are considered to be longer-term solutions for reducing
exhaust emissions on'medium-duty vehicles (but still potentially applicable in the required
timeframe for production). These strategies include the metal hydride cold start heater system
- and the lean NOx catalyst. ' ' o '
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Metal Hydride Cold Start Heater Systems. Currently under development is
a new technology which could provide enough -engine starting heat energy to allow
catalysts to reach operating temperatures within about 5 seconds without electrical
power or the exothermic heat generated from burning fuel. Instead, heat would be
generated through the exothermic reaction that occurs when hydrogen gas comes in
contact with a metal alloy to form a metal hydride contained in a "heater" apparatus
situated in front of the catalyst. This promising technology,which is being developed
by Ergenics Inc., is called a metal hydride cold start heater. With the metal hydride
heater system, Ergenics claims that temperatures of over 600°C in several seconds can
be achieved (36). While the amount of heat generated by this system is impressive,
the heat generation process is also reversible. By applying heat to the "heater” metal
* hydride, e.g., from the engine exhaust, the hydrogen gas can be released through a
one-way valve and returned to a "storage" apparatus (also a metal hydride). Once the
hydrogen is placed back into the storage apparatus, it is then available for the next
cold-start cycle (Figure 3). R ‘ .

Figure 3: Ergenics Metal Hydﬁde ColdStart '.Heatér.

. Lean NOx Catalysts. For several years, vehicle manufacturers and their =
suppliers have been developing a catalytic converter which would be capable of reduc-
ing NOx ‘emission under lean air-fuel ratio conditions. To achieve both low '
engine-out emissions and the highest possible fuel economy, engines would operate at
the leanest practical air-fuel ratio. While both HC and CO conversion efficiencies at
the three-way catalytic converter are high at lean air-fuel ratios, NOx conversion '
tends to be very poor due to the excess oxygen in the exhaust. Recent developments -
by Mazda and Toyota, however, seem to signal progress in this technology (13, 14).

According to an automotive industry paper from Mazda, a catalyst has been
developed whieh is capable of achieving and maintaining high NOx conversion
efficiency while under lean operating conditions. Their "lean NOx catalyst" system
has been mass produced and-is available in Japan on the Mazda 323 lean burn
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vehicle. Test results of this catalyst indicate NOx conversion of about 50% are

- achievable (on Japanese 10-15 mode emission tests) (13). Toyota has also. developed
a lean-NOx catalyst. Their catalyst oxidizes NOx under predominantly lean operating
conditions and stores the resulting nitrate, which is later reduced by HC and CO
during periods of stoichiometric air/fuel ratios. Test results of their catalyst indicated
NOx conversion of over 80% NOx on a-fresh catalyst with 60% conversion on a
100,000 km-equivalent catalyst (14).

Although lean burn gasoline engines are unlikely to be produced for
medium-duty vehicle applications in the near future due to reductions in power and
other concerns, the development of lean NOx catalyst technology would provide large
benefits to diesel vehicles and alternative fueled-vehicles which are calibrated to = -
operate lean. Lean NOx catalysts will be discussed further when diesel vehicle
technology is presented. ‘ '

2. Engine Dynamometer Certified - Gasoline Engines.

‘Weighting of Cold-Start Emissions. Unlike chassis dynamometer certified gasoline
engines covered in the previous section, engines certified to the engine dynamometer test -
procedures do not have to achieve exceptionally low cold-start emissions. This is because the
cold-start portion of the engine test procedure comprises only one-seventh of the total
weighting in the overall emission calculation for the test. In contrast, the chassis test proce-
dure weights the cold-start portion about one-quarter of the total emission weighting.
Decreased emphasis is placed on ¢old-start emissions for vehicles certified to the engine test
procedures because they are mainly used in commercial or more continuous applications
“which tend to have a lower ratio of cold-start driving. Since only incomplete and diesel
- vehicles are permitted the option of certifying according to engine test procedures, this
assumption is reasonable. Due to the reduced emphasis on cold-start emissions with the
engine test procedures, gasoline engines certified to this procedure will normally utilize some
different emission control technologies to reduce emissions than those discussed in the -
previous section. Instead of focusing intently on cold-start technologies, these engines are-
projected to rely more on improved catalysts which have high conversion efficiencies when
fully warmed-up and good resistance to thermal deterioration. Also, since controlling NOx
emissions is especially difficult for heavier vehicles, these engines are likely to employ
electronically-actuated exhaust gas recirculation (EGR) systems for attaining higher exhaust
gas flow rates, particularly under high load operating conditions.

Improved Catalysts. Because incomplete vehicles tend to occupy the heavier. weight
classes of the medium-duty vehicle category (usually incomplete vehicles greater than 8,500
pounds) and are usually operated under a high load, these vehicles need catalytic converter
systems which can handle high exhaust flow rates and temperatures for extended periods of
time. Therefore, these vehicles will probably require increased precious metal loading and
latger catalyst volumes to achieve greater emission reductions. As for the lighter weight
classes of the medium-duty vehicle category (e.g. less than 8,500 pounds GVWR),
palladium-only and tri-metal catalysts are projected for use in incomplete gasoline vehicles
due to their resistance to high exhaust temperatures. Since cold-start emissions are less of an
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issue with these vehicles, the catalysts can be located further away from the engine to
achleve improved protectlon from high temperatures. .

Electronic Exhaust Gas Recirculation (EGR). One of the most effective emission
ccontrols for reducing NOx emissions is exhaust gas recirculation. Exhaust gas recirculation
controls NOx emissions by reducing peak combustion temperatures in the engine. By
recirculating spent exhaust gases into the intake manifold to reenter the engine, the dilution
effect reduces peak combustion temperatures, and therefore, NOx emissions. :

Most EGR systems in today’s vehicles utilize a cortrol valve which requires vacuum -
from the intake manifold to regulate the EGR flow rate. Under part-throttle situations where
EGR is needed, engine vacuum is sufficient to open the valve. However, during throttle
applications near or at full-throttle, engine vacuum is too low to. operate the EGR valve. .
While EGR operation only under part-throttle driving conditions is often-sufficiént to control
NOx for most vehicles, the heavier incomplete vehicles may require additional EGR during
more frequent heavy throttle operation to reduce NOx emissions. Therefore, some vehicle
manufacturers are projecting the need for electromcally-actuated EGR systems on incomplete
vehicles to provide sufficient EGR for NOx control under high load conditions.

3. Engine Dynamometer Certified - Diesel Engines

- For diesel engines there is less concern about controlling HC and CO emissions since
they are inherently well-controlled with regard to these emissions. Instead, achieving lower’
emissions for both NOx and particulate matter (PM) simultaneously presents the greatest
challenge for diesels. This is because some of the more effective control strategles for
reducmg NOx emissions from the engine tend to increase PM emissions and vice-versa.
Because of this NOx/PM "emission tradeoff", combinations of control technologies and
strategies are often utilized to reduce both NOx and PM simultaneously. In order to achieve
further reductions of these pollutants, combining of control strategies will continue to be
necessary. Forecasting the combinations of technologies which will be used, however, is
more difficult. This is because there is a wide variety of technologles available for reducing
NOx and PM. Also, many of these technologies are still in the development stages or are
evolving since engine manufacturers, independent laboratories, universities, and government
laboratories continue to conduct research on a variety of engine-based and aftertreatment
emission control technologies to achieve lower emission levels. Some of the technologies -
which have been identified by these studies for controlling NOx and PM will be presented in
the following sections. In addition, some technology combinations will be dlscussed

‘Strategies for Reducing NOx ‘Emissions: Diesel engines operate by compression
ignition which causes the air/fuel mixture to self-ignite under high temperature and pressure
without the need for a spark plug or other ignition device. This combustion cycle also _

* results in high flame temperatures. Since NOx formation is directly dependent on the flame
temperature, NOx emissions increase as combustion.temperatures increase. Therefore, NOx
control technologies generally focus on reducing the combustion temperatures and the amount
of time at which these high temperatures exist in the combustion chamber.
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Turbochargers with Charge Air Cooling. On modern diesel engines,
turbochargers are often added in order to increase the combustion efficiency of these
engines. Turbochargers improve combustion efficiency by forcing more air into the
cylinders than is possible with a naturally aspirated engine. The increased air in the
cylinders allows additional fuel to be injected for improved power and efficiency. In
addition to increasing power, turbocharging reduces fuel consumption and emissions
of smoke and soot due to the increased pressure and excess air in the cylinder.

- While the use of turbochargers can result in additional power and fuel econo-
my, increased NOx emissions can also result. This is because turbochargers work by
compressing the intake air; resulting in higher temperatures and NOx emissions. To -
solve this problem, charge air cooling is often used. By reducing the temperature of -
the intake charge, charge air cooling reduces NOx emissions and increases fuel
economy (15, 16). '

Charge air cooling can be accomplished with. air-to-liquid or air-to-air heat
exchangers. Traditionally, manufacturers used air-to-liquid heat exchangers, howev-
er, because of its more effective cooling, more manufacturers are increasingly
utilizing air-to-air exchangers. Through incorporation of these more efficient heat
exchangers to cool the intake charge, NOx emissions can be reduced.

Retarding Ignition. Similar to spark-ignition engines, retarding the time of -
ignition has a pronounced effect on reducing NOx emissions from diesel engines (15,
17, 18, 19). Because of its effect on NOx emissions and its low cost, ignition retard
is one of the more common methods used for controlling NOx. On diesel engines,
ignition is retarded by delaying fuel injection into the cylinder. Through this delay, -
flame temperatures in the combustion chamber are decreased resulting in reduced
NOx formation. Unfortunately, retarding injection timing to reduce NOx emissions
also tends to increase PM emissions and fuel consumption. o

Fuel Injection Rate Shaping. In order to control.PM emissions, engine
builders have been increasing the fuel injection pressure of their engines. Although
this technique can be effective at controlling PM, NOx emissions generally tend to
increase with higher injection pressures (20). To offset the increase of NOx emis-
sions with higher pressures, manufacturers can vary the fuel injection rate during
injection. This technique is often called "rate shaping". In rate shaping, improve-
ments in both NOx and particulate emissions are achieved by injecting only a small
amount of fuel during the first phase of injection followed by an-increased raté of
injection during the later phases of injection. Varying the rate of fuel injection in this
- manner provides for smoother combustion, lower combustion temperature and
reduced soot and NOx formation (16): ‘

Exhaust Gas Recirculation. EGR is one of the most effective methods for
reducing NOx emissions in diesel engines. By utilizing EGR, NOx emissions can be
reduced under all engine load conditions (20). Researchers have observed 30% to
75% reductions in NOx ermnissions by utilizing EGR (20). One research organization,
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Ricardo Consulting Engineers, has projected that using EGR will allow diesel engines
to achieve NOx emission levels of 2.0 g/bhp-hr. As explained earlier, EGR controls
NOx emissions by reducing the peak combustion temperatures in the engine,
Unfortunately, this reduction in temperature also can lead to an increase in PM
emissions (20). "Control of PM emissions attcbuted fo EGR use, however, can be
achieved through several techniques. One technique is to cool the recirculated
exhaust gas. By cooling the recirculated exhaust, a larger amount of EGR can be
used without increasing PM emissions (16, 21). Another technique which can offset
the PM increase due t0-EGR is turbocharging the intake air. By increasing the
amount of intake air into the cylinders, turbocharging allows additional EGR to be
added without affecting PM emissions (22). - ' '

~ Although the potential NOx emission reductions achievable with EGR aré
impressive, there are concerns regarding possible reduced engine life resulting from
EGR use. Since PM contained in the exhaust stream is abrasive, control strategies
- - which remove PM from exhaust may play an important role in achieving good engine
durability with EGR. One soot removal device which has been developed for use
with EGR equipped engines reduces soot in the recirculated gas up to 84% (23). |
Other strategies which can be used to control PM will be discussed in a later section.

Lean NOx Catalysts. As mentioned earlier, effective lean NOx catalysts
would be beneficial in controlling NOx for diesel vehicle applications. - Unfortunately,
development of lean NOx catalysts which can achieve high NOx conversion efficien-
cies both at high temperatures (above 400°C) and at low temperatures (below 400°C)
has been difficult. At high temperatures, recent studies (24, 25) indicate that copper-
zeolite catalysts are the most effective at achieving and maintaining high NOx conver-
sion. NOx conversion of up to 60% has been reported with these catalysts (24). :
After 500 hours of aging, this copper zeolite catalyst was still able to achieve 25 to 40
percent NOx conversion efficiency at temperatures between 425 and 550°C (24).
Although this drop in conversion efficiency is significant, it is a considerable im-
provement over zeolite catalyst.designs as recent as 1993, which deactivated after 125
hours of aging (26). This improvement indicates that significant strides are being
made by diesel catalyst manufacturers in the durability area of lean NOx catalysis.

: For low temperature conversion of NOx, platinum-based catalysts can be used.
These catalysts are quite active in the 200 to 300°C range for NOx reduction (up to
45%), and have fairly good durability (retaining 89% of its initial effectiveness after
650 hours of aging) (25). Since sulfates make up a portion of particulates, PM .
emissions can increase with these catalysts. In order to control! both NOx and PM
emissions without requiring lower sulfur diesel fuel, low temperature catalysts will
need further improvements to reduce the production of excessive sulfates. '

NOx Traps. An alternative for the reduction of NOx at low temperatures is
the NOx trap. This device would be particularly useful for the control of NOx
produced during idle or low speed/low load conditions where exhaust temperatures
below 100°C exist (25).  The NOx trap works by trapping and storing NOx at low
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' temperatures, and releasing it at higher temperatures where it can be catalytically
reduced. Since this device is still in the dcvelopment stage, dafa is not yet available
. on its performance capability.

Strategies for Reducing PM Emissions. The exhaust particulate matter composition
for a typical diesel engine consists of soot (or carbonaceous material), soluble organic _
fractions (from unburned fuel and oil), -and water bound sulfates. {Figure 4). These particu-
late matter are primarily formed through incomplete combustion of heavy hydrocarbons in
the fuel and lubrication oil. In addition, sulfur contained in the fuel can contribute to
particulate matter emissions. . To reduce particulate emissions from chesels several different
approaches can be undertaken such as improvements to fuel injection, the engine, fuel
composition, and aftertreatment.

Exhaust PM Compos;tlon for Typlcal HDDE
(low-sulfur fuel, no aftentreatment)

Carbon + other

15%

Fuel Injection Improvements. One method which has been proven (27) to
reduce particulate emissions is high fuel injection pressures (15, 17). Increased fuel
injection pressure tends to decrease fuel droplet size and increase fuel vaporization
rates, thereby mcreasmg the burning rate of the niixture and reducing PM.and smoke
emissions (16). There is, however, a limit to how much injection pressures can be
increased before NOx emissions increase. Therefore, in order to reduce PM emis-
sions yet maintain NOx levels, use of increased fuel injection pressures may need to
be combined with NOx reducing strategies such as ignition retard. In addition to
increasing injection pressure, other fuel injection improvements which have been
identified as affecting PM emissions include varying the fuel injection rate, eliminat-
ing fuel dribble at the end of injection, opt1m1z1ng mjectlon spray angle to control fuel
adhema to the cylinder walls, and others-(21).

Combustion Chamber Improvements. Since soot is the largest component of

PM emissions, reducing soot emissions by encouraging complete combustion can
significantly reduce PM emissions. Methods which can be used to control PM
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emissions include advancing ignition timing, iricreasing the compression ratio, varying
air-fuel mixing according to engine speed/load, and increasing the amount of air
inducted into the combustion chariber (e.g. turbocharging) (2, 15, 17, 28). Many of
these modifications, however, can increase NOx emissions if not carefully implement-
ed. Also, since particulate matter emissions have been shown to correlate ‘well ‘with

. lubrication oil consumption, strategies which reduce oil consumption such as im-
proved valve stem seals, turbocharger seals, piston rings, and other oil control
techniques will play an important role in reducing PM emissions.

Particulate Traps. In addition to reducing particulate émissions from the
engine, vehicle and engine manufacturers cdn also apply emission control strategies
which treat the particulates exiting the engine. These aftertreatment systéms include
particulate traps and oxidation catalysts. : .

Although particulate traps have been- demonstrated to be up to 90 percent
effective at controlling these emissions, early designs of traps have proven to be
unreliable, complex, and fairly costly, Particulate trap systems utilize a substrate -
positionéd in the engine exhaust stream to trap particulates. Once trapped, the
accumulated particulates are then removed through burning. This process, which is
often called "regeneration,” is the most challenging aspect in the development of
effective and reliable particulate trap systems. This is because the temperature at
which particulates normally ‘oxidize (400-600°C) is higher than the exhaust tempera-
tures under many operating conditions (21, 29).  Also, oxidation of the trapped
particulates can create very high temperatures which can damage the substrate.
Therefore initiating and controlling the regeneration process to ensure reliable
regeneration without damage to the trap is the central development concern of these
devices. As a result of this concern, industry and research institutions are conducting
development and research on more reliable regeneration methods. Some of the
regeneration methods being investigated include reverse pulse air; catalytic systems,
and utilizing fuel additives (29, 30, 31). If this research results in a simple, relative-
ly inexpensive, effective, and durable trap system, particulate traps may be among the
technologies used for meeting lower PM emissions. o

Oxidation Catalytic Converters. Another aftertreatment device which could
be applied to diesel vehicles to reduce particulate emissions is the oxidation catalytic
converter (or oxidation catalyst). This device utilizes a substrate similar to that of
catalysts for Otto-cycle epgines. Unlike a particulate trap; an oxidation catalyst does
not trap any of the solid particulate matter. Instead, these devices rely on catalysts
added to the substrate to reduce the temperature of oxidation or burning of the soluble -
organic fraction (SOF) portion of particulate matter. Besides reducing SOFs, the
oxidation catalyst also oxidizes gaseous HC and CO emissions. Engine tests have
shown that oxidation catalysts typically remove 50 to 80 percent of SOF emissions
(16). Unfortunately, these catalysts have little effect on reducing soot emissions.-
Furthermore depending on the exhaust temperatures, activity of the catalyst, and
sulfur content of the fuel, oxidation catalysts may also encourage formation of the
sulfate portion of particulate emissions. Because of the tendency-of these catalysts to
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-form sulfate particulates while reducing SOF particulates, the parueulate control
efficiency for oxidation catalysts tends to be lower than for particulate traps (around
However, by careful placement of the catalyst to control exhaust
temperatures and controlling catalytic activity by modxfymg catalyst formulations,
sulfate emission levels should be containable without i 1ncrea51ng the SOF ennssmn
levels. -

130 to 50%).

- NOx/PM Exmssxon Control Combmatlons As mentioned earlier, several manufac-
turers and institutions have been working on achieving further diesel emission reductions by
using combinations of the technologies described above. In these studies various technology
combinations were evaluated. The results of these studies are presented in Table IV-8. Note
that only one of the technology combinations presented includes the use of aftertreatment
devices. It is projected that inclusion of aftértreatment with any of the technology . combma—

tions in Table IV 8 would result in further emission reductions,

-

Table IV-8: FTP Emission Results of Various Emission C_ontrol Combinations

provements, particulate trap (16)

Technc:.logy Combination "NOx PM

' - g/ohp-hr . g/bhp-hr
Fuel injection impr.ovameuts )] 3.5 -_0.10.
Cooled EGR, oxidatiop catalyst (17) 2.5 : 6.10-
EGR, charge air cooliﬁg @22)* 1.8 pot available
Cooled EGR, charge air cooling (32)* - 1.9 0.22
Cooled EGR, charge air cooling (17)** 2.3 6.12
‘Cooled EGR, charge air ¢ooling, swirl (33)* . 1.9 0.13
Multiple injection, EGR, charge air cooling (20) 2.2 0.07
EGR, fuel injection and air delivery im- | 2.0 0 15
provements (16)
EGR, fuel injection and air delivery im- 2.0 0.05

* European R-49 13-mode test
** Steady-state test

4.

Since the emission characteristics of motor vehicles depends on both the vehicle
technology and the fuels used, industry has been investigating fuels other than gasoline and
Some of the cleaner-burning fuels being considered
include liquid petroleum gas, natural gas, methanol, and dimethy! ether (34). In the
medium-duty vehicle category, Chrysler is alréady producing compressed natural gas(CNG)

diesel to achieve lower emission levels.

" Alternative Fuel Technology
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vehicles. Their 5.2 liter CNG engine is certified to California’s LEV standards and is
available on several vehicle models. ' .

. In the heavy-duty weight class, several manufacturers are producing CNG and liquid |
natural gas (LNG) heavy-duty engines for applications that traditionally utilized diesel
engines. -Detroit Diesel Corporation manufacturers the DDC Series 50G heavy-duty engine.
“This engine is fueled with CNG and is currently being tested n about 200 HDV applicatians
including urban buses. Cummins and Hercules are also producing natural gas engines.
Cummins has produced CNG versions of their L-10 diesel engine for urban use and has
recently developed an L-11 engine which can run on LNG. Hercules makes two natural gas
engines, a 3.7 liter and a 5.6 liter engine. These engihes are also being utilized in urban
buses. | . | '

These gaseous. fueled enginés generally can ‘achieve (ROG+NOx) emission levels
below 3.0 g/bhp-hr and PM lévels below.0.05 g/bhp-hr with one engine attaining
(ROG+NOx) and PM levels below 2.0 g/bhp-hr and 0.05 g/bhp-hr, respectively. Further-
more, 2 7.3 liter Navistar direct injection-engine which was fueled with a dimethyl ether was
shown in one study to be capable of achieving emission levels below the ULEV standards for-
heavy-duty engines (34). The emission test results of this engine were 2.4 g/bhp-hr for
NOx+ROG, and 0.033 g/bhp-hr for PM. '

F. - Costs of Medium-Duty Véhicle Proposal

The ARB staff has performed a comprehensive cost analysis of the LEV and ULEV
requirements of the MDYV proposal. This analysis consisted of two main steps. First, a
projection of the emission control technologies required by low-emission vehicles was made.
Second, the costs associated with developing, producing, and assembling LEVs and ULEVs
with the projected technologies were evaluated. - By considering industry technical papers,
-conducting emission tests on medium-duty vehicles, evaluating the status of light-duty
vehicle technology, and consulting with manufacturers, the ARB staff was able to project the
technologies which will likely be utilized on LEVs and ULEVs. Concerning the cost
" methodology utilized to determine the various costs associated with developing, producing ,
and assembling these vehicles," staff referenced a method similar to that for light-duty low-
emission vehicles prepared in April 1994. Descriptions of the cost methodology and the
analysis are also discussed in detail in Appendix F. From the analysis, the following
conclusions were drawn: ' _ :

Gasoline Vehicles

* The incremental retail costs of gasoline low-emission MDVs would be mini- -
mal. Compared to Tier I vehicles, the additional retail cost of a LEV is o
estimated to average $169, and a ULEV $260. It should be noted that as in *
the case of light-duty low-emission vehicle cost estimates, the projected cost
for each emission category (i.e., TLEV, LEV, ULEV, etc.) is an average cost’
assuming the new vehicle fleet is entirely TLEV, LEV, or ULEV. Since only
40 percent of the medium-duty fleet' will be required to be ULEVs under the

44-



current proposal, however, manufacturers will certify the easiest to comply
engine families as ULEVs, and certify the more difficult and/or costly ones as
LEVs. Thus, the average cost of a ULEV with the current proposal would be
much less than the cost presented for this analysis (e.g., although the staff’s .
ULEV cost estimate included some EHC systems for the most difficult to
certify engine families, these would probably never be needed under the

- current proposal with only a 40% ULEV requirement so that actual ULEV"

costs will be lower than $260 in this program).

The cost-effectiveness of gasoline low-emission vehicles relative to Tier I
vehicles would be favorable, averaging less than $0.50 per pound of pollutants
reduced. This value was calculated by utilizing two different approaches.

- The first method divides the total cost of the proposal by the sum of the total

hydrocarbons, NOx, and CO (the latter discounted by a factor of seven). The
second approach applies one-half the cost to the reduction of criteria pollutants
(HC plus NOx) and the other half to reduction of toxic air contaminants.

~ Motor vehicle control measures typically range up to $5 per pound of emis-

sions reduced while stationary source controls range up to $10 per pound of
emissions reduced. As a comparison, the cost-effectiveness of light-duty low-
emission vehicles averaged less than $1 per pound of emissions reduced.

. Diesel Vehicles

%

G.

The incremental retzﬁl costs of diesel Iow-emission MDVs would be moderate.
Compared to Tier I vehicles, the additional cost of a LEV would average
about $348, and a ULEV $425. = :

The cost-effectiveness of diesel low-emission vehicles relative to Tier I vehicles
is consistent with other mobile source measures, averaging less than $1.50 per
pound of pollutants reduced. This value was found by applying the same two

- methods utilized to calculate the gasoline low-emission vehicle cost-effectiveness
“above.

Environmental Impact of Medium-Duty Vehicle Proposél _

The medium-duty vehicle requirements being proposing in this rulemaking are not
expected to have any significant adverse impacts on the-environment, with the exception of a
slight increase in CO and PM,, emissions. Staff’s proposal achieves significant emission
reductions for NMOG and NOx by increasing the number of ULEVs required from 15%

. (adopted by the Board in 1990) to 40% and by increasing the stringency of the NOx standards.
The proposal also includes, however, a slight relaxation of the ULEV CO and PM,, standards
in order to give manufacturers greater chance of success in developing low NOx strategies to
meet the stringent NOx levels being proposed in this rulemaking. NOx control is a critical
part of California’s plan to meet the federal and state ozone standards because California has
six areas of non-attainment for the federal ambient air quality standard for ozone. For this
reason, staff expects that a slight increase in the CO and PM;, standards will likely have only



a minimal impact on the environment whereas reducing NOx will provide substantially greater

. benefits. The contribution of MDVs to the total CO inventory is relatively minor. For
example, under the current proposal, the MDV CO inventory would be increased to 322 tpd
from 298 tpd for the South Coast Air Basin. Given that the total CO inventory is 6600 tpd- for
the South Coast Air Basin, it is doubtful that this slight increase would significantly affect the
CO attainment status of the basin. The South Coast Air Quality Management District will-be

. reviewing the CO attainment plan in 1996, however, and will make any adjustments to the
plan needed for CO attainment. For other areas of California outside the South Coast Air
Basin, this slight CO increase should not affect CO attainment. Thus, the greater Success in
achieving the NOx goals gained by moderating the CO standard for ULEVs more than
outweighs the slight disbenefit of increase in CO emissions.

In terms of the PM,, effects, there is no alternative to allowing the slightly higher
ULEV PM,, standard in order to ensure achieving the desired NOx lévels, based on the staff’s
.- most recent technology assessment. However, éven though the proposed regulations would

-, allow more PM, to be emitted directly from medium-duty vehicles, the low NOx emissions
- will also mitigate this increase by réducing the formation of secondary PM, in the atmo-
sphere. (One of the constituents of secondary PM,, i§ ammonium nitrate which is formed
from NOx in the atmosphere.) In addition, the ARB is currently working with the U.S. EPA
to develop nationwide standards for low-NOx diesel vehicles. Reduction of PM,, emissions
- will also be considered through this national program and the ARB has committed to consider-
ing adoption-of these standards should the national program include stricter standards.

To summarize, the proposed medium-duty vehicle amendments will result in significant
emission reductions of NMOG and NOx, and this consideration overrides any adverse
environmental impacts that may occur as a result of slight increases in CO and PM,, emis-
sions. As explained above, there are no feasible mitigation measures or alternatives that
- would reduce CO and/or PM,, emissions while at the same time providing the substantial

overall health benefits realized by the significant NMOG and NOx emission reductions.

V.  PROPOSED AMENDMENTS TO THE FUEL SPECIFICATIONS FOR M100
FUEL METHANOL -

When the fuel specifications were originally adopted for M100 fuel methanol in 1992, a
requirement was included that it produce a luminous flame throughout the entire burn
duration. The reason for this luminosity requirement was that M100 burns without a readily
visible flame under maximum daylight cenditions. The deadline for compliance with this
requirement was delayed to January 1, 1995, because an acceptable luminosity additive had
not been identified at the time of adeption of the fuel specifications. Subsequent to the initial
hearing, several research projects were conducted to investigite potential luminosity additives.
As the January, 1995, deadline approached, however, it became clear that a suitable additive
could not be identified which satisfied the criteria set by the Board; namely, a reasonable cost
additive that would enhance luminosity without increasing emissions. Because of the rapidly
- approaching January, 1995, deadline, staff approached the Board in December, 1994, with an
interim proposal to allow M100 vehicles to be equipped with a fire suppression system instead
of requiring only the addition of a luminosity enhancing agent to the fuel. This proposal

-46-



. would allow the several hundred M100 vehicles currently in operatl_on in Californiato -
continue in service until an acceptable alternative could be 1dent1fied since these vehicles were
already equipped Wlth fire suppression systems.

At the hearmg the Board heard compelling testimony on the relative safety of M100-
_'compared to gasoline and diesel. Based on this evidence, the Board instructed staff to conduct
a comparative risk assessment of M100 as a motor vemcle fuel. The Board resolved that if,
after evaluating existing risk assessments, staff concluded that the relative fire safety of M100
- as shown by the existing data justifies deletlon of the luminosity requirement, staff should
_Teturn to the Board with a regulatory proposal to repeal the requirement. Pursuant to the
Board’s directive, staff has conducted that risk assessment. The followmg 1s a summary of
staff’s investigation and recommendation.

‘Staff examined several studies related to M100 and safety. The most comprehensive
assessment of, the safety of M100 as a motor vehicle fuel was performed by the U.S. EPA in
1990. The results of their investigation were reported in a Society of Automotive Engineers
(SAE) paper entitled; "Summary of the Fire Safety Impacts of Methano! as a Transportation
Fuel." The evidence presented by the U.S. EPA demonstrates that the overall risk associated
with M100 is sigﬁiﬁcantly less than gasoline and essentially the same as with diesel fuels.

The- concluswn reached by the U.S. EPA is largely based on historical data which
strongly indicate that fuel flammability characteristics can significantly impact the rate at
- which vehicle fires occur. There are a number of fuel propertiés of methanol which cause it
to be both less likely to ignite than gasoline, as well as less likely to cause injury if it does
. 1gn1te These properties 1nclude volatility, lower flammability limit, vapor density, diffusivity
in air and heat of combustion/vaporization. A summary of U.S. EPA’s examination of these
properties is covered below.

Volatility. Fuel volatility determines the rate at which vapor is produced from
exposed fuel and strongly affects the rate at which ignition occurs. The volatility of _
M100 is 4.6 psi RVP compared to 8-16 psi for gasoline. According to the U.S. EPA’s
investigation, the difference in volauhty could result in as much as a 70% reduction in
vehicle fires.

Lower Flammability Limit (LFL). LFL is the minimum concentration of fuel
vapor in air which is required for ignition. The higher the LFL the more unlikely that
ignition will occur. The LFL for M100 is 6.0 volume percent while the LFL for
gasoline and diesel fuel is 1.4 and 0.6 volume percent, respectively. Thus, the U.S.
EPA concludes that the concentration of M100 in air would have to be approximately
four times greater than that of gasoline in order for ignition to occur.

Vapor Density. Gasoline hds a vapor densny two to five times greater than air,
while diesel fuel is five to ten times greater. In contrast M100 is 1.1 times that ‘of air.
Thus, M10Q0 has a greater tendency to disperse in air and avoid potential ignition
sources.
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Diffusivity of Fuel Vapor. Diffusivity is the rate at which a flammable
concentration of vapor will disperse to.harmless levels in the atmosphere. M100 has
approximately twice the propensity for diffusion compared to gasoline or diesel fuel,

Heat of Combustion/Vaperization.” The heat produced while M 100 is
combusted or vaporized is much lower than that of gasoline. Thus, the rate of fire
propagation and the extent of injuries should be much lower for an M100 fire com-
pared to gasoline. ' S ' "

- Based on their investigation and assessment of the comparative risk of M100, the U.S.
EPA concludes that there is an acceptable risk associated with the use of M100 as a motor
vehicle fuel. The U.S. EPA further concludes that a significant (perhaps as high as 95%)
reduction in fatalities, injuries and property damage associated with fuel-related vehicle fires is
possible with M100 relative to gasoline. . 3 : S o

« » Conclusion and Recommendation. When the luminosity requirerment was first ~
proposed, staff’s concern was that unsuspecting accident victims and firefighters would not be
able to detect the invisible flame of an M100 fire and could potentially be seriousty injured.
The ensuing negative publicity could potentially end the use of M100 fuel as a motor vehicle
fuel in California. In light of the study conducted by the U.S. EPA, however, it is apparent
that the risk for fire is low and the potential for the above-mentioned scenario very small. In
addition, there is other evidence which further mitigates the risks associated with the use of .
MI00. First, the majority of the M100 vehicles currently in operation are fransit buses and
are already equipped with fire suppression equipment. Second, staff has been informed that
there is pending legislation which will require all school buses to be equipped with fire
suppression equipment regardless of the fuel being used. Finally, the remaining M100
vehicles are medium-duty fleet vehicles which are fueled at a central location by trained
personnel. In those instances, the risk would be very low that an untrained person would
come in contact with an M100 fuel spill or fire. - - '

Therefore, based on the reasonable evidence that supports this conclusion, staff is
recommending that the Board remove the M100 luminosity requirement ,

V. SUMMARY OF PROPOSED MODIFICATIONS AND CLARIFICATIONS TO
EXISTING REQUIREMENTS :

The following section summarizes in general terms the modifications staff is proposing
in this rulemaking. Due to the detailed and technical nature of many of these modifications, a
detailed explanation is contained in Appendix A. Appendix C contains the proposed modified
regulatory text of sections affected in Title 13, California Code of Regulations.

A, Section 1960.1. Exhiust Emission Standards and Test Procedures - 1981
and Subsequent Model Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles

In addition to the proposed changes to the medium-duty vehicle requirements noted in
section IV of this staff report, staff has revised the formgt of the regulation for ease of
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reference. Staff is also 'proposipg to extend the intermediate in-use compliance standards for
light-duty LEVs and LEVs. Sirice manufacturers will probably not introduce light-duty LEVs
until 1998 and ULEVs in 2001, staff is proposing an extension through 1999 for LEVs and
through 2002 for ULEVs. This extension will provide manufacturers with additional time for
proving the technology required to meet the light-duty standards. The proposed regulatory
~text is contained in Appendix C-section 1960.1 and description of the proposal in ‘contained in
Appendix A. ' : - g

B.  Section 1956.8. Exhaust Emission Standards and Test Procedures - 1985
and Subsequent Model Heavy-Duty Engines and Vehicles. : '

Incomplete medium-duty vehicles and engines used in medium-duty vehicles have the
option of certifying to the chassis standards contained in Title 13, section 1960.1 or to the
heavy-duty standards contained in section 1956.8. Staff is proposing modifications to the
medium-duty vehicle requirements as part of the SIP strategy for ozone attainment. A
complete description of the modifications is contained in the staff report. The actual text of
the modification is contained in Appendix C-section 1956.8: '

C.  California Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles.

-Changes identical to those made in Title 13, CCR section 1960.1 have been made to.
section 3 of these test procedures, including the proposed medium-duty vehicle requirements.
Pursuant to requests from manufacturers and based on testing conducted by the ARB, staff is

- proposing that the multiplier used for ULEVs to determine compliance with the 50°F require-
ment be changed from 1.0 to 2.0. The majority of the remaining modifications are for
clarification and to conform the text of these test procedures with the text contained in other
test procedures. ‘ '

© . D. = Calif orﬁia Exhaust Emission Standards and Test Procedures for 1987 and

Subsequent Model Heavy-Duty Otto-Cycle Engines and Vehicles.

Changes identical to those made in Title 13, CCR section 1956.8 concerning the
proposed medium-duty vehicle requirements have been made to these test procedures. In ‘
addition, the test procedures have been ‘updated to reflect expected new federal regulations for

~ heavy-duty otto-cycie engines. ' '

E.  California Non-Methane Organic Gas Test Procedures '

. These test proceduresset forth the methods for the calculation and measurement of
non-methane organic gases. These methods aré dynamic because new and improved measure-
ment techniques and methdds are continually being developed. The majority, of the changes
proposed in this rulemaking result from the development of improved measurement techniques.
Some of the more important modifications provide additional flexibility for other laboratories
to account for differing techniques, determine the freguency of multipoint and limit of
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detection calculations and permit the addition of new techniques because of upgrades to
_existing equipment and methods of measurement.

F. California Assembly-Line Test Procedures for 1996 and Subséquent Model-
Year Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles.

The Assembly-Line Test Procedures have a dual purpose - 1) to ensure that the
functional portions of the emission control system are tested prior to release of the vehicle
from the assembly-line and 2) to ensure that a representative sample of the vehicles produced
is tested to assure compliance with the emission standards to which they are certified. Since
the Assembly-Line Test Procedures have not been substantially revised since 1983, staff is
proposing that a new document be created which applies to 1996 and subsequent model
passenger cars, light-duty truck and inedium-duty vehicles. The new document is not
substantially different than the previous version; however, it has been updated to reflect
current practices and new testing requirements {(such as those for on-board diagnostics). “In
addition, text has been added.to clarify existing procedures such as-the correct ‘method for -
choosing representative vehicles, adding another option. for loading the evaporative canister
and standardizing the reporting format to reduce costs for both manufacturers and the ARB.

G.  California New Vehicle Compliance Test Procedure

The New Vehicle Compliance Test Procedures allow the ARB to test vehicles before
they are delivered to the ultimate purchaser. Since this test procedure has not been updated
since May 1979, modifications are being proposed in order to bring the testing procedure
more in line with current practices (such as the new evaporative emission requiréments) and
new regulations such as second generation on-board, diagnostics.

H. California Motor ‘Veh.icle Emission Control and Smog Index Label Specifica-
" tions ' : . o

The purpose of the California Motor Vehicle Emission Control and Smog Index Label -
Specifications is to ensure that emission control equipment can be properly identified and
maintained in order for vehicles and engines to meet the applicable emission standards in-use.
This is especially important for the Smog Check process so that the technician can properly
identify the vehicle and its emission controls. The proposed revisions to these specifications
involve adding a ninth character to the bar code which identifies the emission standard to
which the vehicle was certified, replacing a previpusly existing exemption for motorcycles that
was inadvertently omitted, updating terminology and SAE practices, and adding a requirement
for a window label specifying a vehicle’s smog index number pursuant to Senate Bill 2050.

VII. ENV]RONNIENTAL AND ECONOMIC IMPACT OF RULEMAKING
Environmental Impact. Many of the proposed modiﬁéafions to these regulations are
detailed, technical ameéndments intended to clarify the certification and testing requirements for

- low-emission vehicles and to facilitate their introduction in California. The scope of these
amendments is broad - from clarification of the laboratory testing methods for exhaust -
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measurement to updatmg the assembly-line test procedures to reflect the introduction of on-
board diagnostics equipment on vehicles. These amendments are intended to provide relief to
manufacturers because they simplify many aspects of the vehicle certification process and are
not expected to have a significant negative impact on the environment as they do not affect
exhaust emissions. The effect of these regulations on small volume vehicle manufacturers is
not expected.to have a significant impact because many of the alternatives relieve their
regulatory burden as well. More significant modifications being proposed include amendments
. for reactivity adjustment factors and the requirements for medium-duty vehicles, The -

environmental impact of these proposals 1s discussed in their respective sections in the staff
report. . - :

Economic Impact. In developmv this regulatory proposal, the ARB staff evaluated
the potential economic impacts on private persons and businesses. - The proposed revisions are
intended to clarify and facilitate the implementation of the Low-Emission Vehicle/Clean Fuels
Regulations, and to accelerate the introduction of ULEVs in the medium-duty fieet by the year
2003. The modifications of the certification process are not expected to affect costs to
businesses. While a small number of California businesses may be adversely affected by the
medium-duty vehicle proposal, in general, the medium-duty vehicle proposal is not expected to
affect California businesses significantly because the expected cost increases (as detailed in .
Section IV.F of this report) would be well under one percent of the cost of the vehicle (less
than $500 for vehicles which have retail prices between $25,000 and $50,000). Consumers
- expect that new vehicle prices will routinely increase three to four percent each year, and staff
“does not expect that these proposed regulatory amendments will have a notlceable 1mpact on

California businesses which purchase these kinds of vehicles.

The increase in costs to the three auto manufacturers is estimated to be about $1.5 - |
million annually.- This cost increase would have no noticeable impact on the profitability of
U.S. auto manufacturers. In 1994, auto manufacturers collectively reported approximately
$414 billion in net profit. The cost increase associated with the proposed revisions wotuld
have reduced this profit level by.about 0.01 percent -- a minor change in the profitability of
auto manufacturers,

Since the proposed revisions impose no noticeable impact on the profitability of U.S.
vehicle manufacturers, no significant change in'consumer price, employment, business
. competitiveness, or the status of businesses in California is expected. By simplifying the
certification process, vehicle manufacturers will receive some resource reductions from the
modifications to the proposed regulations. The Executive Officer has therefore determined
that adoption of the proposed regulatory action will not have a significant adverse economic
impact on the ability of California businesses to compete with businesses in other states, ‘or on
directly affected private persons. In accordance with Government Code section 11346, 3 the
“Executive Officer has also determined that this regulatory action will not affect the creation or
" elimination of jobs within California, the creation of new businesses and the elimination of
. existing businesses within California, or the expansion of businesses currently doing business
within the State of California. It is possibie, however, that some individual businesses may be
adversely affected by this regulatory action, even though overall there should be no significant
- adverse economic impact on businesses as a whole. For example, it is possible that some
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individual business which either purchases or sells medium-duty vehicles might be adversely

impacted due to some unusual circumstances pertaining to that particular business. Therefore,
the Executive Officer finds that the adoption of this regulatory action may have a significant
adverse impact on some businesses. The Board’s Executive Officer has also determined,
pursuant to Government Code sections 11346.5(a)(3) (B), that the regulation will affect small .
business. . ' . :

The amendments being proposed in this rulemaking are the result of extensive discus-

sions and meetings with the affected parties (e.g., automobile manufacturers and oil refinefs). = -

Staff has considered all of the alternatives proposed by industry and, unless the proposed
change would lessen the effectiveness of the original requirement, was able to incorporate
industry’s proposed amendment into the regulation. Staff is satisfied that consensus has been
achieved with all of the affected parties for this rulemaking and that no othér alternatives

considered by the agency would be more effective in carrying out the: purpose for which the = -

regulation is. proposed or would be as efféctive or less burderisome to-affected private pérsons

than the proposed regulation. However, interested parties are invited to submit othér
proposals for consideration. - These submissions- may include thé following consideratioris:

(i) The establishment of differing compliance or reporting requirements or timeta-
. bles which take into'account the resources available to businesses; '
(i) - Consolidation or simplification of compliance and Teporting requirements for
' businesses; .
(ili)  The use of performance standards rather than prescriptive standards; or
(iv)  Exemption or partial exemption from the regulatory requirements for
businesses. :
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Inventory Scenarios

Scenario 1: 100% ULEV Scenario presented in the SIP ‘with Revised Baseline tpd Emissions

Model- _ Chassis-C'ertiﬁed Phase-in Diesel Engine-Certified Phase-in
“Tier 1 LEV | ULEV Tier 1 LEV ULEV
1998 80% 10% 10% | 0% 10% 10%
1999 - 50% C25% 25% 50% . 25% 25% -
2000 0 50% 50% 0 50% 50%
2001 0 25% 75% 0 25% - 5%
2002 & 0 0 - 100% 0 0 100%
Sub.
NOx Baseline ROG Baseline . TPD Reduced from
- w/ Enhanced I/'M w/ Enhanced I'M Revised Baseline
' SIP Revised - SIP Revised NOx ROG
M2/M3 | 3358tpd | same | 8.57tpd | same | 10.87tpd | 2.00 tpd
(< 8500
Ibs GVW)
Gasoline 29.09 tpd 20.10 tpd 3.55 tpd 3.56 tpd 4.45 tpd 0.70 tpd
M4/MS5 - ‘engine - engine o
(8500 to — -
14000 lbs | 8.15 tpd 0.9% tpd 2.64 tpd |- 0.23 tpd
GVW) chassis chassis ‘
Diesel 29.4tpd | 27.511pd | 2.6tpd | 4.0ltpd | 5.53tpd | 0.89 tpd
M4/MS _—
(8500 to
14000 1bs
GVW) | |
TOTAL 23.49 tpd 3.82 tpd
TPD ' . .
RED.
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Scenario 2: Current Staff Proposal

Model- ' Chassis-Certified Phase-in - _ Engine-ceftiﬁed Phase-in
- Year LEV NOx=ULEV NOx in 1998 LEV=3.0 g/bhp-hr NMHC+NOx
' in2002-3
| D -ULEV NOx=2.0, NMHC=0.11 |
o G -ULBV NOx=2.0, NMHC=0.35 ||. -
"Tierl -| LEV . ULEV Tier 1 . LEV .| ULEV
1998 . 13% 25% 2% 100% 0 0
1999 48% 50% 2% 100% 0 0
2000 23% 5% 2% 100% 0 0
2001 | o 80% | . 20% 100% 0 0
2002 0 70% 30% 0 100% 0L
2003 0 60% - 40% 0 100% 0
2004 & 0 60% 40% 0 o 100%
Sub, '
NOx Baseline - ROG Baseline TPD Reduced from
w/ Enhanced I/M w/ Enhanced I/M Revised Baseline
SIP Revised SIP Revised NOx ROG
M2/M3 33.58 tpd same 8.57 tpd -same 11.45 tpd | 0.53 tpd
(< 8500 - . |
lbs GVW) ,
Gasoline | 29.09tpd | 20.10 tpd | 3.55tpd |- 3.96tpd | 3.67tpd | 0.66 tpd
M4/M5 . engine ‘engine
(8500 to - ' - :
14000 1lbs 8.15 tpd 0.9% tpd 2.78 tpd 0.06 tpd
GVW) chassis chassis :
Diesel 29.41tpd | 27.51tpd | 2.6tpd | 4.01tpd | 6.04tpd | 0.79 tpd
M4/M5 engine engine engine engine
(8500 to ' ‘
14000 Ibs |
GVW) : |
TOTAL
TPD
RED.
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APPENDIX A

SUMMARY OF PROPOSED MODIFICATIONS
AND CLARIFICATIONS TO EXISTING REGULATORY REQUIREMENTS

In reviewing the-low-emission vehicle regulations, staff has identified several areas
‘where updates and revisions are nesded. The following summarizes the proposed regulatory
modifications. and includes the proposed regulatory text to be considered in this rulemaking.
In some instances, the modifications are editorial corrections of typographical errors or
changes which' conform the texts of various test procedures. There are also several changes
that have no regulatory effect but simply serve to streamline text to provide greater clarity.

A. Section 1960.1. Exhaust Emission Standards and Test Procedures - 1981
and Subsequent Model Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles

1. In addition to the proposed medium-duty vehicle regulatOIy modifications
described in section'IV of the staff report, staff is proposing the following substantive
modifications. L o

a. Section (e) (3): Add a new medium-duty vehicle cétegory to the formaldehyde
requirements - SLEV. The SLEV requirements are 50% lower than ULEV levels. '

b. Sections (g)(1) note (6). Staff is proposing to extend the intermediate in-use
compliance standards (which currently end in 1998} for light-duty LEVs through the 1999
model year and through the 2002 mode] year for ULEVs. Since manufacturers will likely
not be introducing LEVs until 1998 and ULEVs until 2001, this will allow them additional
flexibility is developing the necessary technology needed to meet LEV and ULEYV levels. In
addition, staff is proposing a 100;000 mile intermediate in-use standard beginning with the
1999 model year, .

"The following standards in-parentheses are intermediate in-use compliance standards

. for 50,000 miles and 100,000 miles f&or PCs and LDTs from 0-5750 1bs. LVW, -
inciuding fuel-flexible and dual-fuel vehicles when operating on an available fuel other
than gasoline, ; Iintermediate in-use compliance standards shall apply to TLEVs

' through the 1995 model year as follows: end-to-EEVs-and-ULEVsthroushthe

NMOG (g/mi
PCs-and LDTs 0-3750 lbs. LVW 0.188

LDTs 3751 - 5750 lbs. LVW 0.238

In-use compliance with standards heyond 50,000 miles shall be waived through the
1995 model year for TLEVS, and through the 1998 model year for LEVs and



ULEVs. For LEVs and ULEVs, tﬁe following intermediate in-use standards shall "

apply:
Yehicle Type Durability LEV ULEV
Vehicle i i
Basis (mi) Model NMOG NOx Model NMOG co NOx
‘ Year {g/mi) Jmj Year (g/mi) Jmi (p/mi)
PCs. 0-375016. LVW | 50.000 toigy | 0.100 0.3 throush | 0,058 2.6 03
LDTs - 1398 1998 _
50,000 1999 0.090 03 19992002 | 0.055 21 03
100,000 - 0.125 04 | 1999-2002 | 0075 | 34 04
3751-5750 Ib. LVW 50.000 throush 0.128 0.5 through 0.0735 o33 ¢ 0.5
LDTs ' | 1998 1008 =
50.000 1999 0.130 0.5 | 1999-2002 0070 | 28 . 0.5
160,000. 0.160 0.7 1999:2002 | “0.300 | 44 ez

c. Sectlon (g) (1) note (7). Revise the particulate standard for light-duty trucks
from 3751:5750 Ibs. LVW to align with the particulate standards for mediuin-duty vehicles:
‘in the same weight class (e.g., for LEVs the standard would increase from 0.08 to 0.10 and
for ULEVs from 0.04 to 0. 05) o

d. Section (g)(2) note (7)e., and (h)(2) note (12)g. Add language to require
manufacturers to submit fleet average and credit calculations by March 1.of the calendar year
following the close of the model year in order to confirm the accrual of emission credits or
debits. This requirement will ensure that the calculations made by the ARB are in agreement
with the calculations made by manufacturers in the development of NMOG, ZEV and N
- -medium-duty vehicle'equivalent credits and/or debits.

2. Staff is also proposing the foIlowmg non- substantwe modlﬁcatlons

a, Section (g)(1); (g)(2); (h)}(2). Headings and subtitles have been added for
clarification, e.g., section (g)(1) note (3) and 4):

(3) Comgliance with NMOG Standard. or
(4)  Standards for Fuel-Flexible and Dual—Fuel Vehicles.

b. Section (g)(1) note (1), (8)(2) note (1) (h)(2) note (1). The followmg
abbreviations and definitions have been combined under one footnote section in order to
av01d redefining the terms which appear later in the text.

In (g)(1) note (1):
- "LVW" means loaded vehicle weight (This language was removed from note (3)b.)




"Non-Methane Organic Gases" or "NMOG™ means the total mass of oxveenated and
non-oxygenated hydrocarbon emissions. (Note: this language was moved from footnote (3).)
In (2)(2) note (1): : ' :

- "TTEV" means transitional low-emission vehicle
"LEV" means low-emission vehicle _
"ULEV" means ultra-low-emission vehicle (The abbrevxatrons of TLEV LEV and
_ULEV were' removed from (g)(2) note (4) and piaced in this definition section. )
"LVW" means loaded vehicle weight (This language was removed from note (4). )
In (h)(2) note (1): .
"Non-Methane QOrganic Gases or "NMOG" ‘means the total mass of oxveenated and

| non-oxygenated hvdrocarbon emissions. (Note: this language was moved from note (3).) -

c.  Section {g}(1} note {3); (h)(2} note (3); (k). Replace last amended date with
new amended date,

Sectmns @ ancI (h)(2)

"... "California Non-Methane Organic Gas Test Procedures” as adopted Iuly 12
1991, and last amended Sepferﬁber—}z—w@% which is incorporated herem by
reference, o :

Sectlon (k).
: .. adopted by the state board on May 20, 1987 as last amended Sepfember—}z—
1053 both of which .

d. Secti'on (g)(l) notes (4)b and (6)b; (h){(2) notes (4)b. and 9b. The- |
requirements for fuel-flexible and dual-fuel vehicles operating on gasoline have not changed,
but the language has been placed in a table for ease of reference.

e. Section (h)(1) note (2). The reference to section 1956.8(e) Title 13, CCR, is
incorrect; it should be 1956.8(g). e

f. Section (h)(2) note (9)a. The language in this section has been modified to
‘conform with the language in the "California Exhaust Emission Standards and Test
Procedures for 1988 and Subsequent Model Passenger Cars L10ht-Duty Trucks and Medium-
Duty Vehicles."” : :

‘ . than gasolme NMOG exhaust mass emission results shall be mu1t1p11ed by the
apphcable reactivity adjustment factor to determine compliance with the intermediate in-use
compliance standards for NMOG. .. multiplying the exhaust NMOG mass ermssmn results
-tevels by the applicable reactivity .. methane mass emission results esel by the ..

g. Section (h)(2) note (10)c. The Ianguacre in this section has been added to
" conform with the language in the "California Exhaust Emission Standards and-Test
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Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks and Medium-
Duty Veh1cles "

., B. CCR, Title 13, Section 1956.8. Exhaust Emission Standards aud Test
Procedures - 1985 and Subsequent Model Heavy—Duty Enormes and Vehleles

1. A complete description. of the proposed medium- -duty vehicle regulatory
rnodlﬁcatrons affectmg sections (c) and (h) is contained in Section IV of the staff report.

2. Section (h) note B. A new emission category, "SLEV," or super low- _
eniission vehicle, is defined in note B. A complete description .of th_l_S_ new emission category
is contained section IV of the staff report

C.  California Exhaust Emission Standards and Test Procedures for- 1988 and
. Subsequent Model Passenger Cars, Light-Duty Trucks and Medlum-Duty Vehlcles

1. Headlngs and subtitles have been added in some sectlons for clanﬁcatmn and
ease of reference. In addition the use of boldface type has been used to further simplify
topical references.-

2. Table of Contents: No Change.
3. Section I, General Applicabilitp: "No Change.

4, Section 2, Definitions. The entire list of definitions has been alphabetized, In
addition the term being deﬁned 1s now in boldface type. Several new definitions have been -
added as well: -, ‘ .

"Loaded Vehlcle Weight" or "LYW" means the vehicle curb weight Dlus 300

pounds
"Super Low-Em:ssxon Vehicle" or "SLEV" means anv medium- dutv vehlcle ceruﬁed

to the super-low emission vehicle standards.

The following definitions have been amended: .

"Diesel Eugme" means any engine powered with diesel fuel "gaseous fuel, et-haﬂel—ef
methanel or alcohol fuel for which diesel engine speed/torque charactenshcs and vehicle
applications are retained. '

“Non-methane organic gas" or "NMOG" means ... and last amended Sep»‘cember—z%

5. Section 3. Changes identical to those proposed in Title 13, 1960.1 have been
made to section 3 of the test procedures! In addition, section 3.h. note (4)c has been
amended to conform to the language in section 1960.1(g}(2) note (4)c. :



. 13.  Section 11.f. Add reference to CCR, T1t1e 13, Schon 1968.1 to reﬂect the
current on-board diagnostic regulations.

. For all vehicles subJect to the provisions of Section 1968 or 1968 1, Title 13,

Gﬁfa%ma—@eée—ef—&eg—u-}aﬁeﬁs CCR, the manufacturer shall submit with its .... with the
requirements of Section 1968 or 1968.1)." . -

14. Section 11.k. Testing conducted by the ARB demonstrated that at 50°F, the
emissions of a ULEV-capable vehicle were appfoximately double the value 4t higher :
temperatures. Therefore, staff is proposing to change to the 50°F multlpher for ULEVs from
1.0 to 2 0. '

: ".... For all' ULEVs, emissions of NMOG and formaldehyde at 50°F shall not exceed_
the 50,000 mile certification standard multlphed by 2 factor of -6 2.0.

15.  Section 12. [No Change]

16.. Section 13. See descnptlon of proposed react1v1ty adjustment factors
- contained in the staff report.

17.  Section _14. [No Change]
18. | Appendices I through VII. [No Change]

19. - Appendix VIII: Staff is proposing that the list of compounds contained in
these test procedures be conformed with the list of compounds contained in Appendix I of the
California Non-Methane Orgamc Gas Test Procedures. A complete description of this
change is described in below with the California Non-Methane Orgaruc Gas Test Procedures.

D. Cahforma Exhaust Emission Standards and Test Procedures for 1987 and
Subsequent Model Heavy-Duty Otto-Cycle Engines and Vehicles

The proposed revisions to these test procedures relate to the changes being -proposed
for medium-duty vehicles. Modifications identical to those proposed in Title 13, CCR,
- section 1956.8 are being proposed in these test procedures.

E. California Non-Methane Organic Gas Test Procledures

_ 1. In reviewing these test procedures, staff 1dent1fied several areas where text was
duplicated unnecessanly For example, Attachment 1, which used to be appended to both
Method 1002 and Method 1003, contains the same hst of compounds. Rather than repeat the
list, Attachment.1 was moved to Appendix I. There were also several instances in each
method where previously defined text or acronyms were redefined. For this reason,
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c. . Beginning with the 1996 model year, manufacturers that produce and deliver
for sale in California PCs and LDTs 0-3750 Ibs. LVW..

6. Section 4.a.3.(vii): The application for cemﬁcatlon is currently reqmred to
include a description of the control system logic of the fuel fired heater. However, in order

to fully evaluate the fuel fired heater, it is also necessary to examine the exhaust emissions of,

that heater when operating at maximum heatlng capacity.” It is not expected that fuel fired
heaters will produce excessive exhaust emissions but this requirement will enable the ARB to
monitor the fuel fired heater technology. Therefore, it is being proposed that the following

- ‘paragraph be added to the requu'ements for the certification application:

"For ZEVs and HEVs which use fuel fired heaters, the manufacturer
shall provide the exhaust emissions value per mile produced by the auxﬂlarv A
fuel fired heater. This shall be accomplished by detérmining heater emissions
in grams per minute when operating at a2 maximum heating capacity, and
multiplying that number by 3.6 minutes per mile. - At the time of certification.
manufacturers shall submit their test plan which describes the procedure used
" to determine the mass emissions of the fuel fired heater."

7. Section 4.c.2., and 6.b.5. Change reference to 4.b.4. to 4.c.5. In a previous
amendment to these test procedures, subparagraph 4.b.4 became 4.c.5. However, the
references to this subparagraph in section 4.c.2 and 6.b.5 were not updatecl Thls
modification correctly identifies the appropnate subparagraph

8. Section 5.2.2())(B)(8). Add paragraph which requires manufacturers of hybrid
electric vehicles which use-diesel engines to maintain the hybrid electric vehicle battery
system in the same mannier as required of hybrid electric vehicles which use otto-cycle
engines. This requirement was inadvertently omltted in the previous rulemaking.

(8) Hybrid electric vehicle battery svstem Manufacturers shall maintain the
battery svstem according to the requirements in section J.a.(2)(G)(A)Y(10) of these test

procedures.

9. ° Section 6.b.5. See C.4 above for description of modification. |
10.  Sections 7. and 8. [No Change}.

11, Section 9.f.(2) The reference to the Urban Dynamometer Dnvmg Schedule is
incorrect. It should be Part 86 rather than Part 600.

12. Section 10. [No Change]



~ Appendix 2 contains a complete list of abbreviations and definitions. Finally, all the
references conta.med at the end of each method have been moved to Appendix 3.

2, - Editorial corrections were also made to correct typographical or grammatical
* errors. The majority of the grammatical revisions simply clarify vague or repetitive text. In
some instances, text that appeared in several of the methods was conformed where necessary
All other non- substantwe changes are hsted below

a.  Part A2 include Appendix 1,2 and 3 in the applicability of the test
~ procedures. :

b. Part B.

a. 5 2.3: Add CO, factor for Phase 2 gasoline and CNG and update
factors for LPG. The carbon to hydrogen ratio for Phase 2 gasoline is -
based on the average of the ARB’s analysis and AAMA’s analysis of
two separate batches of fuel supplied by different producers. The
carbon to hydrogen ratios for CNG and LPG are now based on the -
certification fuel specification rather than on an individual batch of fuel..
Manufacturers are not prohibited from developing ratios based on
actual batches of fuel; however, due to resource constraints, the ARB
uses an "idealized" ratio.

b. 5.2.4: Add DF for Phase 2 gasoline and CNG; update DF for LPG

- See descnptmn in4.a.

3. The following modlﬂcatzons pertam only to Parts C through F of the NMOG
Test Procedures, which set forth the laboratory methods for the measurement of alcohols, -
hydrocarbons and carbonyl compounds. Since some modifications apply to each of Part C
D, E, and F, they are described by topic below. Modifications which apply to individual -
methods w111 be discussed by method below.

a. Frequency of Multipoint Calculations. When the methods were first
developed and implemented, it was necessary to verify the linearity of the instrumentation at
regular intervals. However, subsequent testing has verified that the instrument linearity tends
to remain stable for long periods of time, unless certain types of modifications are made to
the instruments. Based on these test results, staff is proposing that multipoint calibrations be.
performed only if the following occurs: a new instrument comes online, a major
modification has been made to the instrument which has affected linearity, or at least once
every year. Manufacturers. may substitute the annual multipoint calibrations only if a daily
instrument quality control chart is maintained which reveals changes in hneanty If the
instrument response decreases to the point of being “out-of-control" and is not restored

" through repairs, however, a multipoint calibration must be performed to confirm linearity.

b, Frequency of Limit of Detection Determinatinns. When the methods were
first developed and implemented, it was necessary to verify the limit of detection (1LOD) and

AT



sensitivity of the instrumentation at regular intervals. However, subsequent testing has
verified that instrument LOD tends to remain stable for long periods of time, unless certain
types of modifications are made to the instruments. Based on these test results, staff is
proposing that LOD determinations be performed only if the following occurs: a new
instrument comes on line, a major modification has been made to the instrument which has
affected LOD or sensitivity, or at least once every year. Manufacturers may substitute the
annual LOD calibrations only if a daily instrument quality control chart is maintained which
would reveal changes in the LOD. If the instrument response decreases to the point of being
"out-of-control” and is not restored through repairs, howevet, a multipoint calibration must
be performed to confirm the LOD. ' . .

_ c. LOD Calculation. Staff is proposing a revision to the format of the LOD
equation to reflect the units of the linear regression data. The standard deviation multiplier .

has been changed from a constant to a factor which is based on the number of replicate

analyses performed. - This will yield an LOD that is more representative of the laboratory’s

low-level measuring capabilities..

d. Alternate Columns. While the methods set forth a description of the columns
used in ARB laboratories, staff is proposing that additional flexibility be given to individual -
laboratories which would allow the use of alternate columns as long as the column can be
demonstrated to be equivalent or better with respect to precision, accuracy and resolution.

e. Requirement for Compressed Air. The modification proposed in this section
adds a recommendation to use "ultra-zero air” rather than "zero air.” - Some laboratories may
~ have difficulty meeting the LOD requirements of the test procedures because of possible
hydrocarbon contamination.  Using "ultra-zero air" would improve the signal-to-noise ratio
in those instances. ' o

f. ‘Use of Internal Standard. Additional language is-being proposed which ‘-
would allow. the use of an internal standard for calibration in methods 1001 and 1004. An
internal standard is added to both the standards and samples to compensate for sample
volume variability. This option is included to give laboratories greater flexibility and the
potential to improve precision. : o : '

g List of Target Compounds. Staff is proposing that the list which contains the
compounds targeted by the NMOG methods be increased to more accurately reflect the
compounds found in vehicles tested by the ARB. In addition, each compound’s
corresponding MIR value has been included for clarity. A complete list of the target
compounds and their MIR values is contained in Appendix A.



h. Modifications to Method 1001 Determmatlon of Alcohols in Automotive
Source Samples

(1) In order to add flexibility to these methods, staff is proposnig that in addition
to allowing the use of deionized water, ASTM Type I purified water will also be allowed.
CARB has found that both types of water are sufﬁc1ent1y pure for the analysis of alcohols

(2) - Section C.5.4. The mod1ficat10ns being proposed in this section would requue
the stock solution to be prepared gravimetrically, rather than volumetricalty, This will
eensure that the concentration is determined more accurately and eliminates the need to
convert concentrations to mass units, thereby ehzmnatmg additional potenual uncertainty.

(3)  Section C.6.3. Previously, impingers were required to warm to room
temperature prior to transfer to another container. However, a modification is being
proposed that would require that the impingers be kept refrigerated to avmd sample loss due
to degradation and/or evaporation. ' : :

i Mochficatmns to Methcds 1002 and 1003, Detenmnatlon of Hydrocarbons
in Automotive Source Samples

(1) Section D.3.2. Staff is proposing that the requirement that CVS Bag No 1 be
" analyzed in four hours is unnecessarily stringent. The original purpose of this requirement
was to ensure that the compound 1,3-butadiene, which degrades very quickly, could be
measured. However, subsequent analysis by staff has demonstrated that the level of 1,3-
butadiene is very low and losses incurred between 4 and 8 hours (the new proposed analysis
time) have minimal effect on the overall reactmty of the sample. Therefore, staff believes
that extending the analysis time to eight hours is more reasonable.

(2)  Section D.4.4 New language is being proposed which recommends the use of
a wax precolumn when using the alumina PLOT column. Using a precolumn would not be
required for analytical accuracy; however, its use would protect the PLOT column from
mmsture damage which could substantially reduce the life of the column.

(3)  Section D.6.2. Language has been added which provides suggested operating
parameters for the PLOT column.

4 * Section D.6. 11; E.6.2.7. The modifications to these sections provide
instructions for the reporting of coeluting compounds. This is necessary to ensure that all
laboratones are using the same MIR values for all peaks.

(5)  Section D.8.8; E.$.8 A new requ1rement is being proposed that each
laboratory set a tolerance for CrOSSOVer cornpounds in order to ensure better overall data
quality. '



~ (6)  Section E.4.3 The reference to the PID was removed because it is not
required for this analysis. '

j- Modifications to Method 1004 - Determination of Aldehyde and Ketone
Compounds in Automotive Source Samples . - . ' '
(1) Language is being proposed in several sections that would allow the use of
either impingers or cartridges for the analysis of aldehydes and ketone compounds. )

(2)  Language is also being proposed which would allow operation of the HPLC in
either a manual or automated mode. ' .. . L S :

(3)  Section 3.3, 3.4, 6.6, 7.3, 7.4. The m-, p-'and o- isomers of tolualdehyde
coelute on, Some columns, while other types of columns are capable of separating these = -+
isomers. In order to ensure that the reported value for any-of the isomers of tolualdeliyde is
consistent among laboratories, staff is proposing that all of the tolualdehyde isomérs, whether
separated or not, be counted as the primary isomer, m-tolualdehyde.

. (4)  Section F.4.1.5; F.6.6. The current method allows the use of a primary
HPLC system to identify carbonyl compounds. Under this system, however, butyraldehyde
and methyl ethy! ketone tend to coelute. In order to separate these compounds, staff is
proposing the addition of a secondary system to ensure that all carbonyl compounds are
properly identified. A laboratory may use the secondary system as the primary system,
however, if they can demonstrate that all compounds are properly identified because
formaidehyde and a non-carbonyl compound ¢an coelute using this secondary system.

(5) Section F.5.4; F.6.3. While the ARB uses sulfuric acid in its laboratory,
there are other laboratories which utilize perchloric acid. In order to reflect this, perchloric -
acid is being added to provide more flexibility to other laboratories. '

(6)  Section F.8.5. The proposed modification in this section allows a less
stringent control range. The carbonyl analysis has an extremely low variability, making the
three standard deviations from the mean requirement too stringent in some cases. Therefore,
the requirement has been changed to be the greater of either 3 standard deviations or + 10
_ percent of the mean value. : '

a. All sections: References to sections and methods have been clarified.
b. All sections: The temperature and pressure calculation for the Tvol,

- and Ivol, equations were inadvertently transposed in the previous
version. The correct equation is: -

Ivoly, * (293.26°K / Itemp) * (P, / 760 mm Hg)
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All of the subsequent numerical changes in each section are due to thls
transposition.

C. Add CO, and DF equations for Phase 2 gasoline. Update C:H ratio
for LPG and CNG: See descnptmn in 2.b. above

5. Appendlx 1 - List of Target Compounds, The fo]lowmg is a complete list of
the target compounds with the MIR values included. :

LIST OF COMPOUNDS

A-11

"CAS # COMPOUND MIR
_ Alcohols

Q0067-56-1 methanol ' 0.56

00064-17-5 ethanol 1.34

Light End and Mid-Range Hydrocarbons
(Listed in approximate elution order)

00074-85-1 ethene 7.29
00074-86-2 ethyne . 0.50
00074-84-0 ethane 0.25
00115-07-1- propene 9.40
00074-98-6 propane 0.48
00463-49-0 1.2-propadiene 10.89
00074-99-7 1-propyne 4.10
00075-28-5 2-methylpropane 121
00115-11-7 2-methylpropene 5.31
00106-98-9 1-butene 8.91
00106-99-0 1,3-butadiene 10.89
00106-97-8 n-butane 1.02
00624-64-6 trans-2-butene 9.64
00463-82-1 2,2-dimethylpropane 0.37
- 00107-00-6 1-butyne 9.24
00590-18-1 cis-2-butene 9.94
00563-45-1 - 3-methyl-1-butene 6.22
00078-78-4 2-methylbutane 1.38
00503-17-3 2-Butyne 9.24
-00109-67-1- I-pentene 6,22
00563-46-2 ‘2-methyl-1-butene . 4.90
00109-66-0 n-pentane 1.04
00078-79-5 2-mehtyimethyl-1,3- butad1ene 9.08
00646-04-8 trans-2-pentene 3.80



CAS #

00558-37-2
00627-20-3
00689-97-4
00513-35-9
00542-92-7

" 00075-83-2

00142-29-0
00691-37-2
00760-20-3
00287-92-3
00079-29-8
01634-04-4
00691-38-3
00107-83-5
00674-76-0
00096-14-0
00763-29-1
00592-41-6
00110-54-3
13269-52-8
07642-09-3

04050-45-7 -

00616-12-6
00625-27-4
- 01120-62-3
07688-21-3
00637-92-3
009252-62-3
00590-35-2
00096-37-7
00108-08-7
00464-06-2
07385-78-6
00693-89-0
00071-43-2 -
03404-61-3
- 00562:049-2
. 00110-82-7
00591-76-4
00565-59-3

- COMPOUND

. 3,3-dimethyl-1-butene

cis-2-pentene
1-buten-3-yne
2-methyl-2-butene
1.3-cyclopentadiene
2,2-dimethylbutane
cyclopentene
4-methyl-1-pentene
3-methyl-1-pentene
cyclopentane. ]
2,3-dimethylbutane
1-methyl-tert-butyl-ether
4-methyl-cis-2-pentene
2-methylpentane
4-methyl-trans-2-pentene
3-methylpentane
2-methyl-1-pentene
1-hexene

n-hexane

trans-3-hexene
cis-3-hexene
trans-2-hexene
3-methyl-trans-2-pentene
2-methyl-2-pentene
3-methylcyclopentene .
cis-2-hexene

‘1-ethyl-tert-butyl-ether

3-methyi-cis-2-pentene
2,2-dimethylhexanepentane
methylcyclopentane
2,4-dimethylpentane
2,2,3-trimethylbutane
3,4-dimethyl-1-pentene
I-methylcyclopentene
benzene
3-methyl-1-hexene
3,3-dimethylpentane-
cyclohexane
2-methylhexane
2,3-dimethylpentane
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CAS #

00110-83-8
00589-34-4
01759-58-6

- 02532-58-3.

00617-78-7
00822-50-4
00592-76-7
00540-84-1
| 14686-14-7
00142-82-5
02738-19-4
03899-36-3
14686-13-6
~ 00816-79-5
© 00107-39-1
 10574-37-5

06443-92-1

00108-87-2

00550-73-8

00107-40-4
01640-89-7
00592-13-2
00589-43-5
02815-58-9

. 00563-16-6 .

00565-75-3
00560-21-4
© 00108-88-3
' 00584-94-1
00592-27-8
00589-53-7
00589-81-1
15890-40-1
00638-04-0
02207-04-7
03522-94-9

02613-65-2
16747-50-5

00111-66-0
14850-23-8

COMPOUND

cyclohexene

3-methylhexane
trans-1,3-dimethyicyclopentane -
cis-1,3-dimethyleyclopentane
3-ethylpentane
trans-1,2-dimethyleyclopentane
l-heptene ,

2,2,4- tnmethylpentane

trans-3-heptene

n-heptane
2-methyl-2-hexene
3-methyl-trans-3-hexene
trans-2-heptene
3-ethyl-eis-2-pentene

 2,4,4-trimethyl-1-pentene

2,3-dimethyl-2-pentene
cis-2-heptene
methylcyclohexane

- 2,2-dimethythexane

2,4,4-trimethyl- 2—pentene
thylcvclop_entan 7

- 2,5-dimethylhexane -

2,4-dimethylhexane :
1.2 4-trimethylcyclopentane
3,3-dimethylhexane
2,3,4-trimethylpentane
2,3,3-trimethylpentane

toluene

2,3-dimethylhexane
2-methylheptane
4-methylheptane
3-methylheptane
+-eis-2-trans(la.2a,3b)- 1, ,3-trimethylcyclopentan
¢is-1,3-dimethylcyclohexane -
trans-1,4-dimethylcyclohexane
2,2,5-trimethylhexane

trans-1-methyl-3-ethylevclopentane

CEs-_ i-methyl-3-ethylcvclopentane

l-octene
trans-4-octene
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.CAS #

00111-65-9
13389-42-9
02207-03-6
07642-04-8
01069-53-0
02213-23-2
02207-01-4
01072-05-5
01678-91-7
00926-82-9
00100-41-4

03074-71-32

00108-38-3,
.02216-34-4
03221-61-2
02216-33-3
00100-42-5
00095-47-6
00124-11-8
00111-84-2
00098-82-8
15869-87-1
04032-94-4
02051-30-1
00103-65-1
|00620-14-4

0062206-56-8

00108-67-8
00611-14-3
00095-63-6
00124-18-5
00538-93-2

00135-98-8

00535-77-3

005726-73-8

- 00099-87-6
00496-11-7
00527-84-4
00141-93-5
00105-05-5

~ COMPOUND

n-octane

trans-2-octene
trans-1,3-dimethylcyclohexane
cis-2-octene
2,3,5-trimethylhexane
2,4-dimethylheptane

_ cis-1,2-dimethylcyclohexane

2.6-dimethylheptane

ethylcyclohexane
3,5-dimethylheptane
ethylbenzene S
2,3-dimethylheptane -
m-&p-xylene '
4-methyloctane
2-methyloctane
3-methyloctane

styrene (ethenylbenzene)
0-xylene

I-nonene

© NI-nonane

(1-methylethyl)benzene
2,2-dimethyloctane
2,4-dimethyloctane
2.6-dimethyloctane,
n-propylbenzene .
I-methyl-3-ethylbenzene
1-methyi-4-ethylbenzene
1,3,5-trimethylbenzene
1-methyl-2-ethylbenzene
1,2,4-trimethylbenzene
n-decane
(2-methylpropyl)benzene

- (1-methylpropyl)benzene
1-methyl-3-(1-methylethyl)benzene

1,2,3-trimethylbenzene
1-methyl-4-(1-methylethyl)benzene
2,3-dihydroindene (indan)
1-methyl-2-(1-methylethyl)benzene

. 1,3-diethylbenzene

1,4-diethylbenzene
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CAS #

01074-43-7
01074-55-1
00135-01-3
01074-17-5
01758-88-9

00874-41-9

- 00934-80-5

02870-046-4

01120-21-4
00933-98-2

00095-93-2

01595-11-5 .
00527-53-7

- COMPOUND

1-methyl-3-n-propylbenzene =~
I~methyl-4-n-propylbenzene
1,2-diethylbenzene ‘
I-methyl-2-n-propylbenzene - -
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene

'1,3-dimethyl-2-ethylbenzene

n-undecane (hendecane)
1,2-dimethyl-3-ethylbenzene
1,2,4,5-tetramethylbenzene

1-methv]-2- n~bu§ylbenzen

© 1,2,3,5-tetramethyibenzene

ZA3821-201074-92-6 1 -(1,1-dimethylethyl)-2- methylbenzene

00488-23-3
00538-68-1
00098-19-1
00091-20-3
00112-40-3

00050-00-0

00075-07-0
00107-02-8
00067-64-1
00123-38-6
00123-72-8
00100-52-7
00078-93-3
00078-85-3
04170-30-3
00110-62-3

00620-23-5

1,2,3,4-tetramethylbenzene
n- pentylbenzene
1-(1,1-dimethylethyl)-3,5- DMbenzene
naphthalene

n-dodecane

Carbpnyl Compounds

formaidehvde

acetaldehyde |
acrolein

acetone .
propionaldehyde

butyraldehvde

hexanzldehvde

benzaldehvde

methyl ethv] ketone (2-butanone)
methacrolein .
crotonaldehyde

valeraldehvde

m-tolualdehyde
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List of Eig

00050-00-0
00064-17-5
00066-25-1
00067-56-1
00067-64-1
00071-43-2
00074-84-0
00074-85-1
00074-86-2
00074-98-6
00074-99-7
00075-07-0
'00075-28-5.
00075-83-2

"~ 00078-78-4

00078-79-5
00078-85-3
00078-93-3
00079-29-8
' 00091-20-3
00095-47-6
. 00095-63-6
00095-93-2
00096-14-0
00096-37-7
00098-19-1
00098-82-8
00099-87-6
00100-41-4
00100-42-5
00100-52-7 -
00103-65-1 -
00105-05-5
00106-97-8
00106-98-9
00106-99-0
00107-00-6
00107-02-8
00107-39-1
00107-40-4

i g as Compounds
(Listed by CAS number)

formaldehyde
ethanol

hexanaldehyde
methanol
acetone
benzene
ethyane gthane
ethene” -
ethyne
propane
1-propyne
acetaldehvde

: 2-m-ethylpropane‘

2,2-dimethylbutane .
2-methylbutane
2-methyl-1,3-butadiene
methacrolein '

methyl ethyl ketone (2-butanone)
2,3-dimethylbutane '
naphthalene

o-xylene

1,2,4-trimethylbenzene
1,2,4,5-tetramethylbenzene
3-methylpentane
methylcyclopentane
1-(1,1-dimethylethyl)-3,5-dimethylbenzene
(1-methylethyl)benzene '
1-methyl-4-(1-methylethyl)bénzene
ethylbenzene-

stryrene

benzaldehyde

n-propylbenzene
1,4-diethylbenzene

n-butane

1-butene

1,3-butadiene

1-butyne

acrolein :
2,4,4-trimethyl-1-pentene
2,4,4-trimethyl-2-pentene
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00107-83-5
00108-08-7
00108-38-3
00108-67-8
00108-87-2

00108-88-3

00110-62-3
00109-66-0
00109-67-1
00110-54-3
00110-82-7
. 00110-83-8
00111-65-9
00111-66-0
00111-84-2
00112-40-3
00115-07-1

00115-11-7

- 00123-38-6

00123-72-8°

00124-11-8

00124-18-5
00135-01-3-

100135-98-8
00141-93-5
00142-29-0
00142-82-5
00287-92-3
00463-49-0
00463-82-1
00464-06-2

© 00488-23-3

00496-11-7

00503-17-3 -

00513-35-9

0052%6-73-8

00527-53-7
00527-84-4

00535-77-3 .

- 00538-68-1
00538-93-2
00540-84-1
00542-92-7
00558-37-2

2-methylpentane
2,4-dimethylpentane -
mé&p-xylene _
1,3,5-trimethylbenzene
methylcyclohexane
toluene *

-~ .valeraldehyde -

n-pentane |
1-pentene
n-hexane

- cyclohexané

cyclohexene
n-octane

_ 1-octene

n‘-nona.ne
n-dodecane

_ . propene
* 2-methylpropene

propionaldehyde
butyraldehyde

1-nonene

n-decane
1,2-diethylbenzene
(1-methylpropyl)benzene
1,3-diethylbenzene
cyclopentene

_n-heptane

cyclopentane
1,2-propadiene
2,2-dimethylpropane
2,2,3-trimethylbutane
1,2,3,4-tetramethylbenzene
2,3-dihydroindene (indan)
2-butyne '
2-methyl-2-butene
1,2,3-trimethylbenzene
1,2,3,5-tetramethylbenzene
I-methyl-2-(1-methylethyl)benzene

~ l-methyl-3-(1-methylethyl)benzene

n-pentylbenzene
(2-methylpropyl)benzene
2,2,4-trimethylpentane
1.3-cyclopentadiene
3,3-dimethyl-1-butene
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00560-21-4-
00562-49-2
00563-16-6
.00563-45-1
00563-46-2
00565-59-3
00565-75-3
00584-94-1
00589-34-4
00589-43-5
00589-53-7

00589-81-1 |

00590-18-1
00590-35-2
00590-73-8
00591-76-4
00592-13-2
00592-27-8
00592-41-6
00592-76-7
00611-14-3
00616-12-6
00617-78-7
00620-14-4
00620-23-5
00622-96-8
00624-64-6
00625-27-4
00627-20-3
00637-92-3
00638-04-0
00646-04-8
00674-76-0
00689-97-4
00691-37-2
00691-38-3
00693-89-0
00760-20-3
. 00763-29-1
00816-79-5
00822-50-4
00874-41-9
009292-62-3
00926-82-9

2,3,3-trimethylpentane
3,3-dimethylpentane
3,3-dimethylhexane
3-methyl-1-butene
2-methyl-1-butene
2,3-dimethylpentane  »
2,3,4-trimethylpentane
2,3-dimethylhexane
3-methylhexane
2,4-dimethylhexane
4-methylheptane
3-methylheptane
cis-2-butene
2,2-dimethylhexane pentan
2,2-dimethylhexane. .
2-methylhexane .
2,5-dimethylhexane.
2-methylfieptane
I-hexene

1-heptene
1-methyl-2-ethylbenzene
3-methyl-trans-2-pentene
3-ethylpentane
1-methyl-3-ethylbenzene
m-tolualdehyde
1-methyl-4-ethylbenzene
trans-2-butene .
2-methyl-2-pentene -
cis-2-pentene
1-ethyl-tert-butyl-ether
cis-1,3-dimethylcyclohexane
trans-2-pentene _
4-methyl-trans-2-pentene
1-buten-3-vne
4-methyl-1-pentene

: 4-methyl-cis-2-pentene

1-methylcyclopentene

- 3-methyl-1-pentene

2-methyl-1-pentene

. 3-ethyl-eis-2-pentene

trans-1,2- dlmethylcyclobéntane
1,3- d1methyl-4 -cthylbenzene

. 3-methyl-cis-2-pentene.

3,5-dimethylheptane
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00933-98-2
00934-80-5

01069-53-0
01072-05-5
 01074-17-5

01074-43-7

01074-55-1

- 01074-92-627438 212

01120-21-4
- 01120-62-3
01505-11-5
01634-04-4
01640-89-7
01678-91-7

-

1601758-88-9

D1759-58-6
02207-01-4
02207-03-6
02207-04-7
02213-23-2
02216-33-3
02216-34-4
02532-58-3
02613-65-2
02738-19-4
02R815-58-9
02870-04-4
03074-71-3
. 03221-61-2
03404-61-3
03522-94-9
03899-36-3

04032-94-4
04050-45-7

04170-30-3

06443-92-1
07385-78-6
07642-04-8
07642-09-3
07688-21-3
10574-37-5
| 13269-52-8

1,2-dimethyl-3-ethylbenzene =
1,2- -dimethyl-4-ethylbenzene
2,3,5-trimethylhexane

C2.6- -dimethyiheptane

i-methyl-2-n-propylbenzene
1-methyl-3-n-propylbenzene
1-methyl-4-n-propylbenzene

1-(1,1-dimethylethyl)-2-methylbenzene

n-undecane

- 3-methylcyclopentene

1-methyl-2-n-butylbenzene
1-methyl-tert-butyl-ether

ethvlcyclopentane
ethylcyclohexane
1,4-dimethyl-2-ethylbenzene
trans-1.3-dimethylcvclopentane

2.6-dimethvloctane
cis-1,2-dimethylcyclohexane

trans-1,3-dimethylcyclohexane
trans-1,4-dimethylcyclohexane
2,4-dimethylheptane '
3-methyloctane

4-methyloctan
eoscis-1 3-d1methylcyclopentane -

trans-1-methyl-3-ethylcyclopentane
2-methyl-2-hexene

1.2, 4-trimethylcyclopentane
1,3-dimethyl-2- ethylbenzene .
2,3-dimethylheptane
2-methyloctane
3-methyl-1-hexene
2,2,5-trimethylhexane
3-methyl-trans-3-hexene .

o)

2,4-dimethyloctane
trans-2-hexene

- crotonaldehyde

cis-2-heptene
3,4-dimethyl-1-pentene
cis-2-octene

" cis-3-hexene

cis-2-hexene
2,3-dimethyl-2-pentene
trans-3-hexene
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- 13389-42-9 . frans-2-octene
14686-13-6 : trans-2-heptene

14686-14-7 trans-3-heptene
- 14850-23-8 trans-4-octene’
15869-87-1 : 2,2-dimethyloctane
15890-40-1 t-eis2-trans; : ' '
- (1a,2a,3b)-1.2,3-trimethylcyclopentane’ ' -
16747-50-5 _ ' cis-1-methyl-B-ethyl-cy'clopentan

F. California Assembly-Line Test Procedures for 1996 and Subsequent
Model-Year Passenger Cars, nght—Duty Trucks and Medmm—Duty Vehicles -

Since the Assembly—Lme Test Procedures have not been substannally Tevised
since 1983, staff is proposing that a new document be created which appliesto 1998
and subsequent model passehger cars; light-duty truck and medlum-duty vehicles.
The new document is‘not substantially different than the previous version; however, it
has been updated to reflect current practices and new testing requirements (such as
those for on-board diagnostics and updating the reporting requirements). In order to
more clearly describe the differences from the previous Assemb1y~L1ne Test
Procedures (the 1983 verswn), regulatory modifications are shown in underline to
indicate new text and in strikeeut to indicate deleted text. In addition, text has been
added to clarify existing procedures. The following summarizes the proposed
modifications.

1. Section C.1. In order to ensure that representative vehicles are chosen
for assembly line testing, staff is proposing that a manufacturer’s selection procedure
" be approved by the ARB prior to thie start of production. The existing regulation .
requires that a plan be submitted but does not clearly provide that the plan needs to be
approved. For a manufacturer’s plan to be approved, it must ensure that the vehicle
selection pool includes all vehicles legal for sale in Cahforma it must utilize a
random process for individual vehicle selection, and the status of the vehicles chosen
.for emission testing must not be known to those assembling the vehicles.

2. Section C.2. Under current procedures, a manufacturer may
accumulate mileage on test vehicles prior to testing. However, the current procedure
does not specify what constitutes acceptable mileage accumulation.  As increasing
numbers of low-emission vehicles are certified, mﬂeage accumulation may become
more important. For this reason, a modlﬁcatlon is being proposed that requires a
manufacturer to disclose its spec1ﬁc mileage accumulation plan for review and.
approval by the Executive Officer. The followmg is the proposed modlﬁcatlon

"An acceptable plan for accelerated mlleage accumulation/engine break-m
schedules (high engine rpm for an extended period of time or other abnormal driving
conditions) and special preparation (e.g.. disabling the traction control) for an engine
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family or subgroup must be submitted to the Executive Officer for approval prior to
the planned implementation.. The plan will be deemed acceptable if the manufacturer -
demonstrates that the plan does not alter the emission control effectiveness of a
vehicle under conditions which mayv reasonablv be expected to be encountered in
normal operation and use.” -

3. Section C.2.{c)(1)(i), (ii) and (iii} contain a reference to a-method
specified in subsection 4.c.iii of the California Evaporative Emissions Standards and
Test Procedures for 1978 and Subsequent Model Motor Vehicles. In order to provide
~ further flexibility, staff is proposing that manufacturers be allowed to use a 50/50
‘mixture by volume of butane and nitrogen instead of the fuel used in normal
operation. Using this mixture produces a greater heel on the canister than with fuel
tvapors and 1s also safer than using fuel vapors.

4, Section C.2.(c}(1)(iv). Another option is being propbsed which allows
the use of a surrogate canister because in some vehicle models it is impossible to
access the canister without removmg other components. The proposed language is as
follows: '

"As an alternative to lpading the on-board canister in option (iii). a surrogate
canister may be used as in option (ii): however, the surrogate canister mav not
- be used more than once, and the loading procedure shall be as specified in
. section 4.2.4i.C and 4.g.71i.D. except that prior to the. canister loading, each
canister shall be cycled no less than two times utilizing the fuel used in normal

operation, or utilizing a 50/50 mixture by volume of butane and mtrogen, in -
order ‘to place a heel on each_canister,” : :

5. Sections C.2(d) - (g) and C.4. The language in these subparagraphs is
~essentially the same as in the previous version; however, the text has been
reorganized to provide clarity. In order to incorporate the second generation on-board
diagnostic (OBD II) system which is required on 1996 and later model cars and
trucks, staff is proposing the following substantive modifications. If the malfunction
indicator light (MIL) is illuminated.during testing, manufacturers are permitted to stop
the test and perform any repairs necessary to extinguish the MIL using the
manufacturer’s published service procedures. If the MIL illuminates on two or more
vehicles, an engineering evaluation of such occurrences must be submitted to the
ARB.’

6. Section C.5.(c). Under federal regulations, vehicles certifying to
organic material hydrocarbon equivalent (OMHCE) standards are now required to
certify to the organic material non-methane hydrocarbon equivalent (OMNMHCE)
standards beginning 1994. Therefore, staff is proposmg deletlon of all references to
OMHCE. -

A-21



7. Section 7. Reports. The proposed modifications in this section are to
- ensure that the reports received by the ARB are complete and contain the necessary
information for an adequate evaluation of the quality audit data. To standardize the
report format and to reduce costs for both the manufacturer and for the ARB, staff is
proposing that manufacturers be required to submit test data and quarterly evaluatlon
data in an electronic format as well as including a summary in hard copy of the

- quarterly data. Most of the data being requested is already reported by
manufacturers the Ianguage bemg proposed here is to clanfy our requirements.

8.~ Section §. Retention of Data. The ARB is proposing that ‘
manufacturers retain their records for three years after the start of production. This
would ensure that ARB staff would have adequate documentatmn of any problerns that
may occur during assembly-line testing.

'G Cahforma New Vehlcle Comphance Test Procedure

“This test procedure has not been updated sirice May 1979. In order to brmg
the testing procedure more in line with current practices, the following modrﬁcatrons
are being proposed.

1. Zero-emission vehicles and medium-duty vehicles certified to the
optional heavy-duty 'engine standards have been exempted from these test procedures.

2. These test procedures have been updated to include new on-board
diagnostic requirements. The proposed requirements are identical to those being
proposed in the Assembly Line Test Procedures. :

) 4. " In order to evaluate vehicles which are certified to 100,000 or 120,000
mile exhaust emission standards, staff is proposing that the emission results be
- projected to 100,000 or 120,000 miles. The proposed language is: :

... For evaluation. all emissions shall be projected to 50,000 or 100.000
miles (where applicable) for light-duty vehicles and to 50.000 or 120.000 miles
(where applicable) for medium-duty vehicles, using the certification deterioration
factors for the engine family or suberouu "

3. Under current procedures, a manufacturer may accumulate mrleage on
test vehicles prior to testing. The current procedure implies but does not specify that
Executive Officer approval is necessary for mileage accumulation prior to testing,

For this reason, a modification is being proposed that requires a manufacturer to
-~ disclose its specific mileage accumulation schedule pnor to testing for review and
approval by the Executive Officer. The following is the proposed modification:
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An approved mileage accumulation
schedule may be pphed to perfermed-on test vehicles to-the same extent as mileage

accumulation is performed on assembly-line quallty audit test vehicles. "

H. California Motor Vehicle Emission Control Label Specifications

1. Section 3.(a)(iv) and 3.(b). Bar-coded labels are intended to aid the
smog check process by allowing accurate identification of a vehicle and its emission
- controls. However, since motorcycles are not subject to the smog check process, they
should be exempt from this requirement. Likewise, motorcycles are exempt from on-
board diagnostic requirements and should be exempted Staff proposes to amend the
regulatory language as follows:

"3.(2)(v) ...on-board diagnostic system Motorcycles and ZEVs are exempt
from these requn'ernents " _ ‘

"3.(b) "The machine-readable VEC bar code ... shall be applicable to 1990
and subsequent model-year vehicles and engines except ZEWs, motorcycles and

diesel-fueled veh1c1es and diesel engines not subject to 1nsgect1on and maintenance
egmrement

2. Section 3.(a)(v). Reference is made to SAE Recommended Practice
J1930, dated June 1988. This practice has since been updated (September, 1991) and :
several abbreviations have been updated as well. Therefore, the date has been
changed to reflect the update and the foIlowmg abbrewatmns have been changed as
well: - *

€15 CFI - Continuous Fuel Injection

MPE MFI - - Multipoint Electronic Fuel Injection

SMPI SFI - Sequential Multipoint Electronic Fuel Injection

3. Section 3(b). In response to the requirements of Senate Bill 2050, staff

is proposing that a ninth character be added to the VEC bar code which will provide
information concerning the emission category to which the vehicle was certified. For
example, the ninth character of the VEC bar code on 2 TLEV would be A. ZEVs,
which were previously exempt from the bar code requirement, will now be"included
because the ninth character will apply to theri. It is proposed that the first eight
characters of the ZEV bar code label be ZZZZZZZZ. This label will also be
applicable to those ZEVs certlﬁed as HEVs because their fuel-fired heater operates
above 40°F. . .

‘The following characters are being proposed:.
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The ninth character of the VEC bar-code label is the code for the emission
standard to which the vehicle was certified. This character shall apoply to all
1998 and subsequent model passenger cars. light-duty trucks, medium-duty
vehicles and heavy-duty engines.. Coding for this character is ag follows:

TLEV

LEV

ULEV

ZEV .

TLEV HEV

LEV-HEV

ULEV HEV

SLEV
Federally-Certified Vehicles ;

Tifle 13, CCR. Sectionr 1960.1(f)(2) Vehicles

. .Title 13, CCR, Section 1956.8(a) Vehicles

- Title 13, CCR, Section 1956.8(c) Vehicles

12 [2 1 I 10 P I T IN Q19

The ninth character shall not be necessary if the sixth character of the VEC
bar-code labe] correctly identifies the California emission standard to which the
vehicle is certified. | . - ' :

4 Section 2(b) and Section 3.5. Pursuant to the requirements of Senate
Bill 2050, a window label is being proposed that specifies smog indices for new 1995
and subsequent model year light-duty vehicles delivered for sale in California. The
smog index (SI) indicates the relative level of pollutants emitted by the vehicles, For
example, the lower the SI, the lower the vehicle’s emissions. The amendment
proposes that the Executive Officer would determine the smog index based on the
tailpipe and evaporative emissions of ozone precursor chemicals. A complete
- description of the language being proposed in this amendment is contained in the
emission control label specifications. = '
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APPENDIX B

Proposed Amendments to
Title 13, California Code of Regulations



PROPOSED
SECTION 1960.1, TITLE 13, CCR

Amend Title 13, Californiz Code of Regulations, secﬁon 1960.1 to read as follows:-
.. 1960.1. . Exbaust Emission Standards and Test Procedures - 1981 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles.

(a) through (d) [No Change]-
' (e)(1) and (¢)(2) [No Change]

(©)(3) The exhaust emissions from new 1992 and subsequent model-year transitional
low-emission vehicles, low-emission vehicles, and ultra-low-emission vehicles, and super -
low-emission vehicles, including fuel-flexible and dual-fuel vehicles, shall meet all the
requirements of (g)(1) and (h)(2) with the following additions: :

.FORMALDEHYDE EXHAUST EMISSION STANDARDS FOR
T OV_EAN O . ’ YU AL ) 1

ag N XTI
- A F e v - -

IN THE LIGHT-DUTY AND MEDIUM-DUTY VEHICLE WEIGHT CLASSES**’
' ["milligrams per mile" (or "mg/mi")] o

_ Vehicle Durability Vehicle
Vehicle Weight - Vehicle Basis Emission Formaldehyde
Type! {bs. )2 (mi) . Caregory’ (mg/mi)**
PC and All 50,000 - TLEV 15 (23)
LDT = - 0-3750 LEV : - 15 (15}
: ULEV o & (12)
100,000 TLEV 18
LEV 18
S ULEV 11
3751-5750 . 50,000 . TLEV . 18 27)
. ‘ LEV : 18 (18)
‘ ‘ ULEV : 9 (14
100,000 TLEV 23
' . LEV 23
- ULEV 13

Date of Release: 8/1/95
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Vehicle ~  Durability Vehicle

Vehicle Weight Vehicle Basis Emission Formaldehyde
Type! (Ibs. )? (mi) Category’ (mg/mi)**
MDV 0-3750 50,000 LEV 15 (15)
S ULEV 8(12)
120,000 LEV 22
: - . ~ 'ULEV 12
MDV 3751-5750 50,000 . - LEV 18 (18)
. ULEV * 9214
SLEV . 4
120,000 1EV S 27
ULEV 13
- MDV . . 5751-8500 50,000 ... - LEV - . .- 22422y -
_  SLEV e®
120,000 . LEV 32
ULEV 16
| - SLEV : g8
MDV 8501-10,000 50,000 LEV 28 (28)
- ) ULEV 14 (21)
L SLEV 7(10)
120,000 LEV 40
‘ ULEV . 21
_ - SLEV : ‘ 10
MDV - 10,001- 50,000 LEV . 36 (36)
14,000 . : ULEV _ - 18 (27)
_ SLEV - 9 (14
120,000 .. LEV - 52
' ULEV 26
SLEV 13
(1) "PC" means passenger cars,

"LDT" means light-duty trucks.

_ "MDV" means medium-duty vehicles.

(2) . For light-duty or medium-duty vehicles, Vehicle Weight shall mean "Loaded Vehicle
Weight" (or "LVW") or "Test Weight" (or "TW"), respectlvely

3) "TLEV" means transitional low-emission vehicle.

- "LEV" means low-emission vehicle.

"ULEV" means ultra-low-emission vehicle. .
"SLEV" means super low-emission vehicle.

4 Formaldehyde exhaust emission standards apply to vehicles certified to opcrate on any
available'fuel, mcluclmg fuel-flexible and dual-fuel vehicles.

(5) The standards in pa.rentheses are intermediate in-use compliance standards for 50,000
‘miles.

Date of Release: 8/1/95
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a. For PCs and LDTs from 0-5750 lbs. LVW, including fuel-flexible and
- dual-fuel vehicles, intermediate in-use compliance standards shall apply to
TLEVs through the 1995 model year, and LEVs and ULEVs through the 1998
model year. In-use compliance with standards beyond 50,000 miles shall be
waived through 1995 for TLEVs, and through 1998 for LEVs and ULEVs.
b. - For MDVs from 0-14,000 Ibs. TW, including fuel-flexible and dual-fuel
’ vehicles, intermediate in-use comphance standards shall apply to LEVs and
- ULEVs through the 1999 model year. In-use compliance with standards i
beyond 50,000 miles shall be waived through the 1999 model year for LEVs
and ULEVs.

(6)  Manufacturers shall demonstrate compliance with the above standards for
formaldehyde at 50° F according to the procedures specified in section 11k of the
"California Exhaust Emission Standards and Test Procedures for 1988 and Subsequent
Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles" as '
incorporated by reference in section 1960.1(k). Hybrid electric, natural gas, and '
diesel-fueled vehicles shall be exempt from 50° F test requirements.

(7) - In-use compliance testing shall be limited to PCs and LDTs w1th fewer than 75,000

B rmles and MDVs with fewer than 90,000 miles.

Date of Release: 8/1/95 .
Board Hearing: 9/28/95 -3-



(f)(1) [No Change]
(£)(2) [No Change]

(&)(1) The exhaust emissions from new 1992 and subsequent model-year 11ght duty

transitional low-emission vehxcles 10w-emxssmn vehicles, and ultra-low-emission vehicles
- shall not exceed

FOR

"EXHAUST EMISSION STANDARDS
TRANSITIONAL LOW-EMISSION VEHICLES, LOW-EMISSION VEHICLES
AND ULTRA-LOW-EMISSION VEHICLES IN PASSENGER CAR
AND LIGHT-DUTY TRUCK VEHICLE CLASSES'”“”0
[grarns per. mile (or "g/ml")]

‘Loaded * _"‘Durabzhty Ve’hic'le'_'

Vehicle Vehicfe’ SR Vehicle _‘_’Eriz‘ission Non-Methane | Carbon : Oxides of
Type' Weight (bs) Basis(mi)  Category’! Organic Gases™. Monoxide. . Nitrogen®
PCand . Al 50,000 TLEV 0.125 (0.188) 3.4 (3.4) 0.4 (0.4)
LDT 0-3750 | LEV 0.075 (0.100) 3.4 (3.4) 0.2 (0.3)
- ULEV  0.040 (0.058) 1.7 (2.6) 0.2 (0.3)
100,000 TLEV 0.156 42 . 0.6
: " LEV 0.090 42 0.3
ULEV 0055 | 2.1 0.3
LDT 3751-5750 50,000 TLEV 0160 (0.238) 4.4 (4.4) 0.7 (0.7)
LEV 0.100 (0.128) 4.4 (4.4) 0.4 (0.5)
ULEV ~ 0.050 (0.075) 2.2 (3.3) 0.4 (0.5)
100,000 TLEV 0.200 - 5.5 09
LEV 0.130 5.5 © 05
ULEV 0.070 2.8 0.5
(1) "PC" means passenger cars.

)

()

"LDT" means light-duty trucks.

"LVW" means loaded vehicle weight.
"Non-Methane Qrganic Gases" or "NMOG" means the total mass of oxygenated and non-

oxygenated hxdrocarbon emissions.

"TLEV" means transitional low-emission vehicle.
"LEV" means low-emission vehicle.

"ULEV" means ultra-low-emission vehicle.

Complmnce with NMOG Standard Meﬁkﬂﬂe—@fgam&@ﬁes—(e;—bng@_sh&u

demonstrate comphance with an NMOG sta.ndard NMOG emissions shall be measured in

*

accordance with the "California Non-Methane Organic Gas Test Procedures" as adopted

Date of Release: 8/1/95

Board Hea

ring: 9/28/95 ' -4



(4)

.Tuly 12, 1991 and last amended September221993 [INSERT DATE OF ADOPTION],
which is incorporated herein by reference.

8. Reactivity Adjustment. For TLEVs, LEVs, and ULEVs certified 1o operate
exclusively on any fuel other than conventional gasoline, and for fuel-flexible and
dual-fuel TLEVs, LEVs, and ULEVs when certifying on a fuel other than gasoline,
manufacturers shall multiply NMOG exhaust certification levels by the applicable
reactivity adjustment factor set forth in section 13 of the "California Exhaust Emission

- Standards and Test Procedures for 1988 and Subsequent Model Passenger Cars,
‘Light-Duty Trucks, and Medium-Duty Vehicles" as incorporated by reference in section

1960.1(k), or established by the Executive Officer pursuant to Appendix VIII of the
foregoing test procedures. In addition, natural gas vehicles certifying to TLEV, LEV or
ULEV standards shall calculate a ‘reactivity-adjusted methane exhaust emission value by
multiplying the methane exhaust certification level by the applicable methane reactivity
adjustment factor set forth in section 13 of the above-referenced test procedures. The
product of the NMOG exhaust certification levels and the reactivity adjustment factor -

shall be compared to the exhaust NMOG mass emission standards established for the

particular vehicle emission category to determine compliance. For natural gas vehicles, -
the reactivity-adjusted NMOG value shall be added to the reactivity-adjusted methane
value and then compared to the exhaust NMOG mass emission standards established for
the particular vehicle emission category to determine compliance.

ab. Eleet Average Requirement. Each manufacturer shall certify PCs or LDTs

~ to meet the exhaust mass emission standards for TLEVs, LEVs, ULEVs, or the exhaust
- emission standards of sections 1960.1 (e)(1), 1960.1 (£)(1), or 1960.1 (f)(2), Title 13,

California Code of Regulations, or as Zero-Emission Vehicles, such that the
manufacturer's fleet average NMOG va.lues for California-certified PCs and LDTs from
0-3750 lbs. = “LVWY, and LDTs from 3751-5750 lbs. LVW
produced and delivered for sale in California are less than or equal to the requirement for
the corresponding Model Year, Vehicle Type, and LVW Class in section 1960.1 (g)(2)
Titlé 13, California Code of Regulations.

NMOG Standards for Fuel-Flexible and Dual-Fuel Vehzcies Fuel-flexible and dual-fuel
PCs and LDTs from 0-5750 lbs. LVW shall be certified to exhaust mass emission
standards for NMOG established for the operation of the vehicle on any available fuel
other than gasoline, and gasoline.

a. ' Reactivity Adjustment. For TLEVs, LEVs, and ULEVs, when certifying
for operation on a fuel other than gasoline, manufacturers shall multiply exhaust NMOG
certification levels by the applicable reactivity adjustment factor. In addition to
multiplying the exhaust NMOG certification levels by the applicable reactivity adjustment
factor, natural gas vehicles shall mulnply the exhaust methane cettification level by the
applicable methane reactivity adjustment factor and add that value to the
reactivity-adjusted NMOG value. The exhaust NMQG certification levels for
fuel-flexible or dual-fuel vehicles when cemfymg on gasoline shall not be multiplied by a
reactivity adjustment factor.

b. Standards of Fuel-Flexible and Dual—Fue! Vehicles Operating on Gasolme
For PCs and LDTs from 0-3758 5750 lbs. LVW, the applicable exhaust mass emission
standard for NMOG when certifying the vehicle for operation on gasoline shall be:
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Vehicle Loaded Vehicle Emission Durability Vehicle Basis (g/mi).
| e Height (LYW) Laegory 50.000 Mile | 100,000 Mile

PCs, LDT | AlL 0-3750 | TLEV 0.5 0.31
LEV ' 0.125 0.156
. ULEV 0.075 0.090
LDT 3751-5750 TLEV 032 0.40
LEV 1 0160 0.200
ULEV 0.100 0.130

Highway NOx. The maximum projected emissions of "Oxides of Nitrogen" (or "NOx")
measured on the federal Highway Fuel Economy Test (HWFET; 40 CFR 600 Subpart B)
shall be not greater than 1.33 times the applicable light-duty vehicle standards shown in
the table. Both the projected emissions and the HWFET standard shall be rounded in
accordance with ASTM E29-67 to the nearest 0.1 g/mi before being compared. .
Intermediate In-Use Compliance Standards: The following standards in-parestheses are
intermediate in-use compliance standards for 50,000 miles and 100,000 fRor PCs and
LDTs from 0-5750 ibs. LVW, including fuel-flexible and dual-fuel vehicles when
operating on any available fuel other than gasoline.; ILintermediate in-use compliance

. standards shall apply to TLEVs through the 1995 model year as follows: and-EEVs

T L NMOG (g/mi)
PCs and I1.DTs 0-3750 Ibs. LVW . 0.188
LDTs 3751-5750 [bs. LVW 0.238
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In-use compliance with standards beyond. 50 000 rmles shall be waived through the 1995 model
year for TLEVs, and through the 1998 model year for LEVs and ULEVs. For LEVs and
ULEVs, the followmv intermediate in-use standards shall apply:

Vehicle Type . Durability LEV (e/mi) © ULEV (g/mi
¢ | Yehicle . N
Basis Model | NMOG NOx Model NMOG co NOx
Year . . ) Year .

PCs, 0-3750 1b. LVW 50000

E
o
s
=
‘|5:’
)
=3
2
=
£
=
=
G
(v )
2
O
=3
Lrs)

LDTs 1938 1998
50,000 1999 | 0000 | o5 | 1ese20m | oess | 2a 03
100,000 0125 04 | 19992002 | 0.075 3.4 0.4
| 37515750 Ib. LVW 50,000 treush | 0,128 05 throush | - 0.075 33 0.5
LDTs 1998 1998
50,000 1999 0.130 Q.5 19952002 | 0.070 2.8 0.5
100.000 0.160 07 19002002 | 0.100 44 | 07

a. Reactivity Adjustment. For TLEVs, LEVs, and ULEVs designed to,-
operate on any fuel other than conventional gasoline, including fuel-flexible and dual-fuel
vehicles when operating on any fuel other than gasoline, exhaust NMOG mass emission
results shall be multiplied by the applicable reactivity adjustment factor to determine
compliance with intermediate in-use compliance standards for NMOG. In addition to
multiplying the exhaust NMOG emission results by the applicable reactwﬁy adjustment

factor, neturel-gas-vehielesshatl-multinly the exhaust methane emission results for
natural gas vehicles shall be multiplied by the applicable methane reactivity adjustment
factor and the resulting value shall be added edd-that-value to the reactivity-adjusted
NMOG value. Exhaust NMOG mass emissions from fuel-flexible or dual-fuel vehicles
when operating on gasoline shall not be multiplied by a reactivity adjustment factor.

b. Intermediate In-Use Standards for Fuel-Flexible and Dual-Fuel Vehicles
Operating on Gasoline. For fuel-flexible and dual-fuel PCs and LDTs from 03758 5750
Ibs. LVW, intermediate in-use compliance standards for NMOG emissions at 50 000
miles when the vehicle is operated on gasoline shall be:

Vehicle Type Loéded Vehicie Emission Durability Vehicle
Weight (LVW) * Category . DBasis
. (g/mi}
50.000 mi_
PCs, LDT All, 0-3750 » TLEV . 0.32
LEV . 0188
TULEY 0.100
1oT . 3751.5750 TLEV 0.41
LEV 0.238
ULEV - : 0.128
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- Intermediate in-use compliance standards shall apply to TLEVSs through the 1995 model .
year, and to LEVs and ULEVs through the 1998 model year. In-use compliance with

standards beyond 50.000 miles_shall be waived through the 1995 model vear forTLEVs

and through the 1998 model vear for LEVs and ULEVs.

(7)  Diesel Standards. Manufacturers of diesel vehicles shall also certify to particulate
standards at 100,000 miles. For all PCs and LDTs from 0-5759 3750 1bs. LVW, the
particulate standard is 0.08 g/mi, 0.08 g/mi, and 0.04 g/mi for TLEVs, LEVs, and
ULEVs, respectively. For LDTs from 3751-5750 Ibs. LVW. the particulate standard is
0.10 g/mi, 0.10 g/mi. and 0.05 g/mi for TLEVs, LEVs and ULEVs. respectively. For

" diesel vehicles certifying to the standards set forth in Title 13, section 1960.1(g)( D
.+ “NMOG" shall mean non-methane hydrocarbons. - . k
(8)  S0°F Requiremenz. Manufacturers shall demonstrate compliance with the above
- standards for NMOG, CO, and NOx at 50° F according to the procedure specified in
section 11k of the "California Exhaust Emission Standards and Test Procedures for 1988
and Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles"
as incorporated by reference in section 1960.1(k). Hybrid electric, natural gas and
diesel-fueled vehicles shall be exempt from 50° F test requirements.

(®)  Limit on In-Use Testing. In-use compliance testing shall be limited to vehicles with
fewer than 75,000 miles. , _ , : _

(10) HEYV Reguirements. Deterioration factors for hybrid electric vehicles shall be based on
the emissions and mileage accumulation of the auxiliary power unit. For certification
purposes only, Type A hybrid electric vehicles shall demonstrate compliance with 50,000
mile emission standards (using 50,000 mile deterioration factors), and demonstrating

- compliance with 100,000 mile emission standards shall not be required. . For certification
purposes only, Type B hybrid electric vehicles shall demonstrate compliance with 50,000
mile emission standards (using 50,000 mile deterioration factors) and 100,000 mile
emission standards (using 75,000 mile deterioration factors). For certification purposes

. . only, Type C hybrid electric vehicles shall demonstrate compliance with 50,000 mile
emission standards (using 50,000 mile déterioration factors) and 100,000 mile emission
standards (using 100,000 mile deterioration factors). :

Date of Release: 8/1/05 )
Board Hearing: 9/28/95 -8-



(gX(2) The fleet average non-methane organic gas exhaust emission values from the
passenger cars and light-duty trucks produced and delivered for sale in California by a
manufacturer each model year shalI not exceed '

*

FLEET AVERAGE NON-METHANE ORGANIC GAS.
EXHAUST EMISSION REQUIREMENTS
FOR LIGHT-DUTY VEHICLE WEIGHT CLASSES™® -
[grams per mile (or "g/mi"}]

Loaded ~  Durability ' Fleet Aver&ge

Vehicle Vehicle Vehicle - Model ‘Non-Methane - -
Type’ Weight (Ibs) Basis’ (mi) Year Organic Gases™***¢
PCand = Al 50,000 1994 . 0250
LDT - 0-3750 : : 1995 ' 0231
o | 1996 0.225
1997 _ L 0.202
1998 - 0157
1999 0.113
2000 ' 0.073
2001 o 0.070
2002 0.068
2003 & subsequent - 0.062
LDT . 3751-5750 50,000 1994' . 0.320
: 1995 0.295
1996 | 0.287
1997 - - 0.260
1998 0.205
1999 0.150
2000 0.099
2001 0.098
2002 0.095

2003 & subsequent 0.093 -

(1) "PC" means passenger cars.
‘ "LDT" means light-duty trucks.
"TLEV" means transitional low-emission veh1c1e
"LEV" means low-emission vehicle.
"ULEV" means ultra-low-emission vehicle.
. "LVW" means loaded vehicle weight.
(2) "Non-Methane Organic Gases" (or "NMOG") shall meang the total mass of oxygenated
and non-oxygenated hydrocarbon emissions.
(3) HEV Categories. For the purpose of calculating fleet average NMOG values, a
manufacturer may -adjust the certification levels of hybrid electric vehicles (or "HEVs")
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based on the range of the HEV without the use of the engine. For the purpose of
calculatmg the adjusted NMOG emlssmns the following deﬁnmons shall apply:

"Type A HEV" shall mean an HEV ‘which achieves a minimum rangé of 60 miles
over the All-Electric Range Test as defined in "California Exhaust Emission Standards
.and Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks
and Medium-Duty Vehicles" as incorporated by reference in section 1960.1(k).

"Type B HEV" shall mean an HEV which achieves a range of 40 - 59 miles over
the All-Electric Range Test as defined in "California Exhaust Emission Standards and -
Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks and
Medium-Duty Vehicles" as incorporated by reference in section 1960. 1(k).

"Type C HEV" shall mean an HEV which achieves a range of 0 - 39 miles over
the All-Electric Range Test and all other HEVs excluding "Type A" and "Type B" HEVs
as defined in "California Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Lxght-Duty Trucks, and Medlum-Duty Veh:cles" as'
incorporated by reference in section 1960.1(k).

a, For the purpose of calculating fleet average NMOG values, Vehxcles which
have no tailpipe emissions but use fuel-fired heaters and which are not certified as ZEVs
shall be treated as "Type A HEV ULEVs."

(4)  Calculation of Fleet Average NMOG Value (PCs and LDTs 0-3750 lbs. LVW). Each
manufacturer's fleet average NMOG value for the total number of PCs and LDTs from
0-3750 lbs. lLe&deé—Veth-eWeigh-t—(e;lLVW—) produced and delivered for sale in
California shall be calculated in units of g/mi NMOG according to the folIowmg
equation, where the term "Produced” means produced and delivered for sale in Caleorma:

{[(No. of Vehicles Certified to the Exhaust Emission Standards in section 1960 1
“(€)(1) and Produced) x (0.39)] +
[No. of Vehicles Certified to the Phase-In Exhaust Emission ‘Standards in section
1960.1 (£)(1) and Produced 'x (0.25)] +
. [No. of Vehicles Certified to the Phase Qut Exhaust Em:sswn Standards in section
, 1960.1 (f)(1) and Produced x {0.39)] +
' [(No. of Vehicles Certified to the Exhaust Emission Standards in section 1960.1
(f)(Z) and Produced) x (0.25)] +
~ [(No. of Mﬁ%}eﬂal—lqw%ﬁi-ssien#ehée}es-(eﬂﬂEVs% excluding HEVs and
Produced) x (0.125)] +
[(No. of I:ew-Emfss*eﬂ—Vehieles—(eFlLEVsl} excluding HEVs and Produced) X
(0.075)] +
[(No. of Bltra-Lew-Emission-Vehieles-for-"ULEVsY) excluding HEVs and -
Produced) x (0.040)] + . ‘ '
(HEV contribution factor)} { + -
(Total No. of Vehicles Produced, Includmg Zero-Emission Vehicles and I-IEVS)
a. "HEV contribution factor" shall mean the NMOG emission contribution of
HEV:s to the fleet average NMOG value. The HEV contribution factor shall be’
calculated in units of g/mi as follows, where the term "Produced" means produced and
delivered for sale in California.
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(5)

HEV contribution factor =

{[No. of "Type A HEV" TLEVs Produced] x (0.100) +
[No. of "Type B HEV" TLEVs Produced] x (0.113) +
[No.-of "Type C HEV" TLEVs Produced] x (0.125)} +
{[No. of "Type A HEV" LEVs Produced] x (0.057) +
[No. of "Type B HEV" LEVs Produced] £ (0:066) +
[No. of "Type C HEV" LEVs Produced] x (0.075)} +
{[No. of "Type A HEV" ULEVs Produced] x (0.020) +
[No. of "Type B HEV" ULEVs Produced] x.(0.030) +-
[No. of "Type C HEV" ULEVs Produced] x (0.040)}

b. "Zero-Emission Vehicles" (or "ZEVs") classified as LDTs 3751-5750 lbs.
LVW which have been counted toward the ZEV requirements for PCs and LDTs 0-3750
Ibs. LVW as specified in note (9) shall be included in the equation of note (4).

C. Beginning with the 1996 model year, manufacturers that produce and
deliver for sale in California PCs and LDTs 0-3750 Ibs. LVW that are certified to federal
Tier I exhaust emission standards in 40 CFR 86.094-8 and 86.094-9 shall add the .
following term to the numerator of the fleet average NMOG equation in note (4) calculate

* their fleet average NMOG values accordingly:

[No. of Vehicles Certified to federal Tier I exhaust ernission standards and

Produced) x (0.25)] :
Caleculation of Fleet Average NMOG Value (LDTs 3751-5750 Ibs. LVW). Manufacturers ‘
that certify LDTs from 3751-5750 lbs. LVW, shall calculate a fleet average NMOG value -
in units of g/mi NMOG according to the following equation, where the term "Produced”
means produced and delivered for sale in Cahforma .

{[(No. of Vehicles Certified to the Exhaust Emission. Standards in section 1960.1
(e}(1), and Produced x (0.50)] + :

[(No. of Vehicles Certified to the Phase-In Exhaust Emission Standards in sectlon
1960.1 (£)(1), and Produced x (0.32)] +

[(No. of Vehicles Certified to the Phase-Out Exhaust Emission Standards in
section 1960.1 (N(1). and Produced x (0.50)] +

[(No. of Vehicles Certified to the Exhaust Emission Sta.ndards in section 1960.1

- (£)(2), and Produced x (0.32)] +

[(No. of TLEVs Produced excluding HEVs) x (0. 160)] + [(No of LEVs Produced
excluding HEVs) x (0.100)] + '

[(No. of ULEVs Produced excluding HEVs) x (0. 050)] +

(HEV contribution factor)} /=
(Total No. of Vehicles Produced, Including ZEVs and HEVs).

a "HEV contribution factor" shall mean the NMOG ernission contribution of
HEVs to the fleet average NMOG. The HEV contribution factor shall be calculated in
units of g/mi as follows, where the term "Produced" means produced and delivered for
sale in California.-
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(6)

HEV contribution factor =

{[No. of "Type. A HEV" TLEVs Produced] x (0.130) +
[No. of "Type B HEV" TLEVs Produced] x (0.145) +
[No. of "Type € HEV" TLEVs Produced] x (0.160)} +
{[No. of "Type A HEV" LEVs Produced] x (0.075) +

' [No. of "Type B HEV" LEVs Produced] x (0.087) +
[No. of "Type C HEV" LEVs Produced] x (0.100)} +
{[No. of "Type A HEV" ULEVs Produced] x (0.025) +
[No. of "Type B HEV" ULEVs Produced] x (0.037) +
[No. of "Type C HEV" ULEVs Produced] x {0.050)}

b."  Only ZEVs which have beén certified as LDTs 3751- 5750 1bs. LVW and

-which have not been counted toward the ZEV requ1rements for PCs and, LDTs 0-3750

lbs LVW as spec1ﬁed in note (9) shall be mcIuded in the equation of note (5)
e Begmmng with the 1996 model year, ‘mahnufacturers. that produce and

deliver for sale in California LDTs 3751-5750 Ibs. LVW that are certified to the Tier I

exhaust emigsion standards in 40 CFR 86.094-9 shall add the following term to the

. numerator of the fleet average NMOG equation in note (5) and calculate their fleet

average NMOG values accordingly:
[(No. of Vehicles Certified to federal Tier I exhaust emission standards ard
Produced and Delivered for Sale in California) x (0.32)] ‘ :
Reguirement for Small Volume Manufacturers. As used in this subsection, the term
"small volume manufacturer” shall mean any vehicle manufacturer with California sales

less than or equal to 3000 new PCs, LDTs and MDVs per model year based on the

average number of vehicles sold by the manufacturer each model year from 1989 to
1991, except as noted below. For manufacturers certifying for the first time in California,
model-year sales shall be based on projected California sales. In 2000 and subsequent

i model years, small volume manufacturers sha.ll comply with the fleet average NMOG

requirements set forth below.

a. Prior to the model year 2000, compliance with the specified ﬂeet average
NMOG requirements shall be waived. . . .
b. In 2000 and subsequent mode!l years, small volume manufacturers shall not

exceed a fleet average NMOG value of 0.075 g/mi for PCs and LDTs from 0-3750 lbs.
LVW calculated in accordance with. note (4).

- C. In 2000 and subsequent model years, small volume manufacturers shall not
exceed a fleet average NMOG value of 0.100- g/mi for LDTs from 3751-5750 Ibs. LVW

- calculated in accordance: with riote (5).

d. If a manufacturer's average Califomia sales exceeds 3000 units of new
PCs, LDTs, and MDVs based on the average number of vehicles sold for any three
consecutive model years, the manufacturer shall no longer be treated as a small volume
manufacturer and shall comp]y with the fleet average requirements applicable for larger
manufacturers as specified in section 1960.1 (g)(2) beginning with the fourth model year
after the last of the three consecutive model years. _

€. If a manufacturer's average California sales falls below 3000 units of new
PCs, LDTs, and MDVs based on the average number of vehicles sold for any three’
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consecutive model years, the manufacturer shall be treated as a small volume
manufacturer and shall be subject to requirements for small volume manufacturers as
_specified in section 1960.1 (g)(2) beginning with the next model year. :

(7} Calculation of NMQG Credits/Debits and Procedure for Qffsetting Debits.

a In 1992 and subsequent model years, manufacturers that achieve fléet
average NMOG values lower than the fleet average NMOG requirement for the .
corresponding model year shall receive credits in units of g/mi NMOG determined as:

A [(Fleet Averige NMOG Requlrement) (Manufacturers Fleet Average NMOG Value)] x (Total
No. of Vehicles Produced and Delivered for Sale in California, Including ZEVs and HEVs)}.

& Manufacturers thh fleet average NMOG values greater than the fleet average
requirement for the corresponding model year shall receive debits in units of g/mi NMOG
equal to the amount of negative credits. determined by the mentioned equation. For any

- given model year, the total g/mi NMOG credits or debits earned for PCs and LDTs
0-3750 lbs. LVW and for LDTs 3751-5750 Ibs. LVW shall be summed together.” The
resulting amount shall constitute the g/mi NMOG credits or deblts accrued by the
manufacturer for the model year.

b. For the 1994 through 1997 moael years, manuracmrers shall equalize -
emission debits within three model years and prior to the end of the 1998 model year by
earning g/mi NMOG emission credits in an amount equal to their g/mi NMOG- debits, or
by submitting a commensurate amount of g/mi NMOG credits to the Executive Officer -
that were eamned previously or acquired from another manufacturer. For 1998 and
subsequent model years, manufacturers shall equalize emission debits by the end of the
following model year. If emission debits are not equalized within the specified time
period, the manufacturer shall be subject to the Health and Safety Code section 43211
civil penalty applicable to a manufacturer which sells a new motor vehicle that does not
meet the applicable emission standards adopted by the state board. The cause of action
'shall be deemed to accrue when the emission debits are not equalized by the end of the
specified time period. For the purposes of Health and Safety Code section 43211, the
number of vehicles not meeting the state board's emission standards shall be detem’uned
by dividing the total amount of g/mi NMOG emission debits for the model year by the
g/mi NMOG fleet average requirement for PCs and LDTs 0-3750 lbs. LVW applicable

. for the model year inl which the debits were first incurred.

c. The g/mi NMOG emission credits eamed in any given model year shall
retam full value through the subsequent model year. & The g/mi NMOG value of any
credits not used to equalize the previous model-year's debit, shall be discounted by 50%
at the beginning of the second model year after being earned, discounted to 25% of its
original value if not used by the beginning of the third model year after being earned,
and will have no value if not used by the beginning of the fourth model year after bemg
earned.

d. In order to_verify the status of a manufacturer's compliance with the fleet
average requirements for g given model vear, and in order to_confirm the accrual of
NMOG credits or debits, each manufacturer shall submit an annual report to the
Executive Officer which sets forth the production data used to_establish compliance. by
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no later than March 1 of the calendar year following the close of the completed model
gar.

(8)  Credits for Pre-1994 Model-Year Vehicles. Manufacturers that produce and deliver for
sale in California vehicles certified to the phase-in exhaust emission standards in section
1960.1 (£)(1), or vehicles certified to the exhaust emission standards in sections 1960.1
(f)(Z) or 1960.1 (g)(1) and/or ZEVs, in the 1992 and 1993 model years, shall recsive |
emission credits as determined by the equations in footnotes (4), (5), and (7).

,a  For PCs and LDTs from 0-3750 lbs. LVW, the fleet average NMOG
requirement for calculating a manufacturer's emission credits shall be 0.390 and 0.334
g/mi NMOG for vehicles certified for the 1992 and 1993 model years, respectively.

' b, For LDTs from 3751-5750 lbs. LVW, the fieet average NMOG
requirement for calculating 2 manufacturer's emjssion credits shall be 0.500 and 0.428
- g¢/mi NMOG for vehicles certified for the 1992 and 1993 model years, respectively.
C. Emission credits eamed prior to the 1994 model year shall be considered
as'earned-in the 1994 model year and dxscpunted in accordance w1th the schedule
"~ $pécified in footriote (7).~ SR

(9 ZEV Reqiiirements. While meeting the ﬂeet average requxrements each ma.nufacturer

shall certify, produce, and deliver for sale in California at least the percentages of ZEVs

set forth in the table below. —2%—ZE¥5—e&ekHaeéel—yeaf—ﬁsem—l—998—thseagh~;L@9-9,4%

ars— These
'percentages shall be apphed to the manufacturers total producnon of PCs and LDTs
0-3750 Ibs. LVW delivered for sale in California.

Model Year Reguifed
- Percentage
per Model Year

1998 2
1999 2
2000 2
2000 5
2002° - 5
2003 and subsequent 10

a. Calculation of ZEV Credits. Manufacturers which produce for sale In
California more.ZEVs than required in a given model year shall eam ZEV credits, which
shall be expressed in kave units of g/mi NMOG. The amount of ZEV credits earned

 shall be equal to the number of ZEVs required to be produced and delivered for sale in

. California for the model year subtracted from the number of ZEVs actually produced and
delivered for sale in the model year and then multiplied by the fleet average requirement
for PCs and LDTs 0-3750 Ibs. LVW for the model year. All ZEV credits earned prior to
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the 1998 model year shall be treated as if eamed in the 1998 model year and shall be
discounted in accordance with notes (7)c-and{%}d.

b. Submittal of ZEV Credijts. A manufacturer may meet the ZEV
requirements in any given model year by submitting to the Executive Officer a
commensurate amount of ZEV credits. These credits may be eamed previcusly by the
manufacturer or acquired from another manufacturer. The amount of ZEV credits

' required to be submitted shall be calculated by subtracting the number of ZEVs produced

" and delivered for sale in California by the manufacturer for the model year from the
number of ZEVs required to be produced by the manufacturer for the model year and’

. then multiplying by the fleet average requirement for PCs and LDTs 0-3750 lbs. LVW
for that model year. :

c. Regquirement to Ma’»’ce Upa ZEV Deﬁczt Manufacrurers which certify,
produce, and deliver for sale in California fewer ZEVs than required in a given model
year shall make up the deficit by the end of the next model year by submitting to the
Executive Officer a commensurate amount of ZEV credits. The amount of ZEV credits
required to be submitted shall be calculated by subtracting the number of ZEVs actually

“produced and delivered for sale in California by the manufacturer for the model year
from the number of ZEVs required to be produced by the manufacturer for the model -
year and then multiplying by the fleet average requirements for PCs and LDTs 0-3750
Ibs. LVW for the model year in which the deficit is incurred:

d. Penalty for Failure to Meet ZEV Reguirements. Any manufacturer whlch
fails to produce and deliver for sale in California the required number of ZEVs or submit
an appropriate amount of ZEV credits and does not make up ZEV deficits within the
specified time period shall be subject to the Health and Safety Code section 43211 civil
penalty applicable to a manufacturer which sells a new motor vehicle that does not meet
the applicable emission standards adopted by the state board. The cause of action shall
be deemed to accrue when the ZEV deficits are not balanced by the end of the specified
time period. For the purposes of Health and Safety Code section 43211, the number of
vehicles not meeting the state board's standards shall be calculated accorchng to the
follomng equation: * .

{(No. of ZEVs required to be produced and delivered for sale in California for the model
year) - (No of ZEVs actually produced and delivered for sale in California for the model
year) - [(Amount of ZEV credits submitted for the model year) / (the fleet average
requirement for PCs and LDTs 0-3750 lbs. LVW for the model year)].

e. ZEV Credits for MDVs and LDTs 3751-5750 Ibs. LVW. ZEVs classified as
MDVs or as LDTs 3751-5750 Ibs. LVW may be counted toward the ZEV requirement for
. PCs and LDTs 0-3750 Ibs: LVW and included in the calculatlon of ZEV credits as
. specified in note (9)a, if the manufacturer so designates.
f.  Small volume manufacturers shall not be required to meet the percentage
ZEV reqmrements Howev‘ér small volume manufacturers may eamn and ‘market credits
for ZEVs they produce and deliver for sale in California.
' g Intermediate volume manufacturers shall not be required to meet the
percentage ZEV requirements before the 2003 model year.
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(h)(1) The exhaust emissions from new 1995 and’ subsequent model medium-duty
vehicles shall not exceed:

1995 AND SUBSEQUENT MODEL-YEAR ,
MEDIUM DUTY VEHICLE EXHAUST EMISSIONS STANDARDS3%¢
B ' (grarns per mile) "

- Durability - ,.
- Test " Vehicle - Non-Methane " Carbon  Oxides of
Weight (Ibs.) Basis (mi)  Hydrocarbans® - Monoxide Nitrogen®  Particulates®
0-3,750 50,000 025 34 04 n/a
0-3,750 120,000 03 50 .0.5_5 008
137515750 - 50,000 032 © . 447 07 na
3,751-5,750 1200000 046 64 098" 0.10
5,751-8,500 50,000 039 S50 L1 na
5,751-8,500 120,000 0.56 7.3 1.53 - 0.12
8,501-10,000 50,000 046 55 s ‘nfa
8,501-10,000 120,000 0.66 - 8.1 1.81 0.12 -
©10,001-14,000 50,000 060 7.0 2.0 n/a
10,001-14,000 120,000 0.86" -103 277 012
(1)  "n/a" means nqt apphcable
"Test Weight" (or "TW™) shall mean the average of the vehlcles curb wexght and gross
vehicle weight. —

(2) Manufacturers have the option of certifying engines used in incomplete and diesel
medium-duty vehicles from 8501-14,000 pounds, gross vehicle weight to the heavy-duty
engine standards and test procedures set forth in section 1956, 8(eg), Title 13, California
Code of Regulations. Manufacturers certifying incomplete or diesel medium- -duty
vehicles to the heavy-duty engine standards and test procedures shall specify, in the
application for certification, an in-use compliance test procedure as prowded in section
2139(c), Title 13, California Code of Regulations.

-(3) For the 1995 model year only, manufacturers of medium-duty vehicles may certlfy a

© maximum of 50 percent of their vehicles to the applicable 1994 model-year standards and
test procedures. For the 1995 model year only, small volume manufacturers rhay certify
100 percent of their vehicles to the applicable 1994 model-year standards and test
procedures. The percentage shall be based upon each manufacturer's projected sales of
California- certified medium-duty vehicles.

(4)  For methanol- and ethanol-fueled vehicles certifying to these standards, including
flexible-fueled vehicles when certifying on methanol or ethanol "Non-Methane
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Hydrocarbons” shall mean "Organic Material Non-Methane Hydrocarbon Equivalent” (or
: " OMNMI—ICE")

(5) The maximum projected emiissions of oxides of nitrogen measured on the federal
Highway. Fuel Economy Test (HWFET; 40 CFR Part 600 Subpart B) shall be not greater
than 2:00 times the applicable medium-duty vehicle standards shown in the table. Both

» the projected emissions and the HWFET standard shall be rounded in accordance with
ASTM E29-67 to the nearest 0.1 g/mi before being compared.
(6) - Particulate standards are only apphcab]e for diesel vehicles and shall be determined on a2
' 120,000 mile basis. : :
(7)  In-use compliance testing shall be limited to vehicles with less than 90 000 miles. For
- . the 1995 through 1997 models, alternative in-use compliance is available for
medium-duty vehicle manufacturers. - A manufacturer may use altsrnative in-use
- compliance for up to 100 percent of its fleet in the 1995 and 1996 model years and up to
50 percent of its fleet in the 1997 model year. Small volume manufacturers may use
alternative in- use compliance for up to 100 percent of their fleets in the 1995 through
1997 model years. The percentages shall be determined from the manufacturers'
projected California sales of medium-duty vehicles.  For vehicles certified to the
standards and test procedures of this subsection, "altemative in-use compliance™ shall
consist of an in-use allowance of 25 percent over the applicable 1995 model-year
non-methane hydrocarbon, carbon monoxide, and oxides of nitrogen 50,000 mile emission
standards and a waiver of the emission standards beyond 50,000 miles.

8) Al medium-duty vehicles, except diesel-fueled vehicles and those incomplete and dlesel

- -vehicles certifying to heavy-duty engine test procedures, are subject to 50,000 mile and
120,000 mile non-methane hydrocarbon, carbon monoxide, and oxides of nitrogen
standards. Diesel-fueled vehicles shall be subject to 120,000 mile non-methane
hydrocarbon, carbon monoxide, oxides of nitrogen, and particulate standards only.

e
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" (h)2) The exhaust emissions from new 1992 and subsequent model-year-
medium-duty low-emission vehicles, aad ultra-low-emission vehicles, _and super low-emission
vehicles shall not exceed: .

' S EXHAUST EMISSION STANDARDS FOR - :
- .LOW-EMISSION VEHICLES, AND ULTRA-LOW EMISSION VEHICLES
AND SUPER-LOW-EMISSION VEHICLES '
IN THE MEDIUM-DUTY VEHICLE WEIGHT CLASSE"_"'“"I1‘“‘““?‘m
' ] [grams per mile (or "g/mi")].

© Durability . Vehicle

Test Vehicle Emission Non-Methane Carbon = Oxides of ‘ )
Weight (lbs)! Basis (mi)  Category? Organic Gases**  Monoxide Nitrogen’ Particulates®’
0-3750.. 50,000 - LEV. . -0:125(0488) 3434 0404 - n/a
' oo o oonas  ULEV 0,075 0-00) 1.7 (2:6) 0.2 @3y  n/a
o+ ++120,000 - LEV" -.0.180 5.0 0% 0.6 0,08
. ‘ - ULEV 0.107 x 2.5 0.3 C o 0.04
3751-5750 50,000 LEV . 0.160 (5:238) 4444 0704 na
ULEV - 0.100 ¢6-128) 2:2-33Y4.4 045 n/a
o SLEV  0.050 22 0.2 ‘nla
120,000 -LEV 0.230 6.4 +0 0.6 0.10
ULEV  0.143 | 3264 0506  0.05
SLEV . 0.072 3.2 03 . - 0,05
5751-8500 50,000 LEV 0.195 6293 5.06:0 106 n/a
ULEV  0.117 0-156)  2:5¢3:8} 5.0 0.6 (0-8) n/a
SLEV 0.059 2.5 0.3 n/a
120,000 LEV 0.280 7.3 +5 09 0.12
ULEV 0.167 3773 6809 0.06
. SLEV  0.084 3.7 0.45 0.06
8501- 50,000 LEV 0.230 0345 3565 +£30.7 n/a
10,000 | ULEV ~ 0.138 0:184) 2.8-42)55 0760  n/a
SLEV 0070 2.8 0.35 n/a
120,000 LEV 0.330 3.1 15 1.0 0.12
ULEV 0.197 4+81 6910 0.06 -
L SLEV 0.100 4.1 0.5 0.06
10,001- 50,000 LEV 03000450y - 7.0 2:0 1.0 n/a
14,000 ULEV ~ 0.180 (9:240) 3:545:3)7.0 1.0 &5  n/a
~ SLEV  0.09 35 0.5 n/a
120,000 LEV 0.430 . - 10.3 28 1.5 0.12
“ . - ULEV  .0.257 52103 1415 0.06
SLEV 0.130 3.2 0.7 0.06

(1 “Test Weight:" (or "TW") shall mean the average of the vehicle’s curb weight and
gross vehicle weight.
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4).

"Non-Methane Qrganic Gases" (or "NMOG") means the total mass of oxygenated and
non-oxvgenated hvdrocarbon emissions.
"LLEV" means low-emission vehicle.
"ULEV" means ultra-low-emission vehicle.
"SILEV" means super-low-emission vehicle.

: Comvlmnce wzrh NMOG Srandards '—Neﬂ—Mefh&ne-GfBaﬂie—G&ses—(er—NME}G—}

To deterrmne comphance w1th an NMOG standard NMOG emissions shall be
measured in accordance with "California Non-Methane Organic Gas Test Procedures”
&5 adopted July 12, 1991 and last amended September 22,1953 - whichis
incorporated herem by reference.

a. Reactivity Adjustment. For LEVs and ULEVs certified to operate on an
available fuel other than conventional gasoline, including fuel-flexible or dual-fuel
vehicles when certifying on a fuel other than eonventienal gasoline, manufacturers
shall multiply the NMOG exhaust certification levels by the applicable reactivity
adjustment factor set forth in Section 13 of the "California Exhaust Emission
Standards and Test Procedures for 1988 and Subsequent Model Passenger Cars,
Light-Duty Trucks, and Medium-Duty Vehicles" as incorporated by reference in
section 1960. 1(k), or established by the Executive Officer pursuant to Appendix VII

~ of the foregoing test procedures. In addition, natural -gas vehicles cerufymg to LEV or

ULEYV standards shall calculate a reacnmty-adjusted methane exhaust emission value

- by multiplying the methane exhaust certification level by the applicable methane

reactivity adjustment factor set forth in section 13 of the above-referenced test
procedures. The product of the exhaust NMOG certification levels and the reactivity
adjustment factor shall be compared to the exhaust NMOG mass emission standard
established for the particular vehicle emission category to determine compliance. For -
natural gas vehicles, the reactivity-adjusted NMOG value shall be added to the
reactivity adjusted methane value and then compared to the exhaust NMOG mass
emission standards established for the particular vehicle emission category to

determine compliance. :

b. Prior to the 1998 model year, the LEV exhaust mass emission standard
for NOx shall be 0.7 g/mi for MDVs from 3751-5750 Ibs. TW, 1.1 g/mi for MDVs
from 5751-8500 Ibs. TW. 1.3 g/mi for MDVs from 8501 10,000 Ibs. TW and 2.0
g/mi for MDVs from 10.001-14.000 ibs. TW.

NMOG Standards for Fuel-Flexible and Dual-Fuel Vehicles. Fuel-flexible and
dual-fuel "Medium-Duty Vehicles” (or "MDVs") from 0-14,000 Ibs. TW shall be
certified to exhaust mass emission standards for NMOG established for the operation
of the vehicle on a fuel other than gasoline, and gasoline.

a. Reactiviry Adjustment, For LEVs and ULEVs when certifying on the

. fuel other than gasoline, manufacturers shall multiply the exhaust NMOG- certification

levels by the applicable reactivity ddjustment factor., In addition to multiplying the
exhaust NMOG certification levels by the applicable reactivity adjustment factor,
ratural-gas-vehicles-shall-multply the exhaust methane certification level for natural
gas vehicles shall be multiplied by the applicable methane reactivity adjustment factor
and the resulting value shall be added add-that-valse to the reactivity-adjusted NMOG

- value. When certifying on gasoline, the exhaust NMOG certification levels of
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fuel-flexible and dual-fuel vehicles shall not be multiplied by a reactivity ‘adjustment
factor.

b. Standards for Fuel-Flexible and Dual-Fuel Vehicles Operating on
Gasoline. For MDVs from 0-3750 14,000 1bs. TW, the applicable exhaust mass
emission standard for NMOG when certifying the vehicle for operation on gasoline

shall be; . . . : -
| Test Weight Vehicle Emission 50,000 120,000
{Ibs) Category E fmi) - (g/mi
ULEV 0.125 0.130

3751-5750 LEV . 032 0.46
ULEY 0160 :0,230

| SLEV " 0.100 ‘0,143

5751-8500 | LBV 0.38 0.56
ULEV ) 0.195 0.280

SLEV 0.117 0.167

8501-10.000 LEV 0.46 066
ULEV 0.230 0.330

SLEV 0.138 0.197

10.001-14,000 LEV ' 0.60 0.86
ULEV 0.300 0430

SLEV 0.180 0.257
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Highway NOx. The maximum projected emissions of "Oxides of Nitrogen® (or
"NOx") measured on the federal Highway Fuel Economy Test (HWFET; 40 CFR
Part 600 Subpart B) shall not be greater than 2.00 times the applicable MDV
standards shown in the table. Both the projected emissions and the HWFET standard
shall be rounded in accordance with ASTM E29-67 to the nearest 0.1 gimi before
being compared.

Particulate standards are only apphcable for diesel vehicles and shall be determmed '
on a 120,000 mile basis.

-“n/a" means not applicable.

Certification of Incomplete and Diesel Vehicles. Manufacturers have the optlon of

certifying engines used in incomplete and diesel MDVs to the heavy-duty engine
standards and test procedures set forth in Section 1956.8(g) or (h), Title 13,
California Code of Regulations. Manufacturers certifying incomplete or diesel MDVs
to the heavy-duty engine standards and test procedures shall specify in the application

for.certification an in-use compliance procedure as provided in Section 2139(c), Title

13, California Code of Regulations. For diesel vehicles certifying to the standards set
forth in Title 13, section. 1960.1(h)(2), "NMOG* shall mean non- -methane

hydrocarbons.

Intermediate In-Use_Compliance Standards. Beginning with the 1998 model year,
t*he following standards in-parentheses-are intermediate in-use compliance standards

for 50,000 miles and 120,000 miles for Fer MDVs from 0-14,000 Ibs. TW, including
fuel- ﬂenble and dual-fuel veh1cles when operatmg on &ﬁy an avallable fuel other than

gasoline_shall apply: i 3 &1
&ﬁd—UJ:ES«LS—t:h-fe&gh—the—l-QQQ—meéel—yeaf.
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Intermediate In-Use Compliance Standards
Emission Modsl Year | Dumsbility 3751-5750 lbs. 5751-8500 Ibs. £501-10,000 ibs. 10,001-14,000 Ibs.
Category Vehicle -
Basia () NMOG { NOx* | NMOG | NOx* | NMOG | NOx* | NMOG | Nox*
(g/mi) | @md | (g/mi) [ @D (g/mi) | (e/mi) (g/mi) | (g/mi)
.LEV . through 50,000 0.238 0.6 - 0.293 0.9 0.345 1.0 - 0.450 1.5
‘ 1999 .
2000 1 50,000 - 0.6 - 0.9 - 1.0 - 1.5
120,000 - 0.8 | - | 12 - 1.3 . - 2.0
ULEV through 50,000 0.128 0.6 0.156 0.9 0.184 1.0 0.240 1.5
1999 ' :
2000- | 50,000 0.128 | 0.6 0.156 . [ 095 | 0.134 1.0 0.240 1.5
120,000. | 0.160° |- 0.8 | 0195 | 1.2 0230 | 1.3 | 0300 ] 2.0

In-use compliance with the standards beyond 50,000 miles shall be waived through
~ the 1999 model year for LEVs and ULEVs. , :
*Intermediate in-use NOx standards shall only apply to the 1998, 1999 and 2000

mode] year MDVs, :
Reactivity Adiustment. For LEVs and ULEVs designed to operate on

an available fuel other than conventional gasoline, including fuel-flexible and dual-fuel
vehicles when operating on an available fuel other than gasoline, NMOG exhaust
mass emission results shall be multiplied by the applicable reactivity adjustment factor
to determine compliance with intermediate in-use compliance standards for NMOG.

d.

In addition to multiplying the exhaust NMOG mass emission results levels by the
applicable reactivity adjustment factor, natural gas vehicles shall multiply the exhaust
methane mass emission results level by the applicable methane reactivity adjustment
factor and add that value to the reactivity-adjusted NMOG value. For fuel-flexible
and dual-fuel vehicles when operating on gasoline, NMOG emission results shall not
be multiplied by a reactivity adjustment factor.
Gasoline Standards for Fuel-Flexible and Dual-Fuel Vehicles. For
fuel-flexible and dual-fuel MDVs from 0-3758 14,000 lbs. TW, intermediate in-use

b.

compliance standards for NMOG e

operated on gasoline, shall be:

Date of Release: 8/1/95 -
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" Fuel-Flexible and Dual-Fuel MDVs
Intermediate In-UJse Compliance Standards

Test Weight (tha.) Vchicle Bmission Category 50,000-(z/mi)
0-3750 LEV 0.32
ULEV 0.188
3751-5750 LEV 0.41

229.

missions at 50,000 miles, when the vehicle is




ULEV 0.238
SLEV 0.128
[ 57518500 | LBV 0.49
ULEV 0.293
SLEY 0.156
8501-10.000 | LEV 0.58
‘ ULEV 0.345
SLEV 0.184
10.001-14.000 | LEV 0.75
ULEV 0.450
SLEV 0.240

Intermediate in-use compliance standards shall apply to LEVs and ULEVs through the
1999 model year and to SLEVs through the 2005 model vear. Compliance with the
standards beyond 50,000 miles shall be waived through the 1999 model year for
LEVs and ULEVs through the 2001 model vear for SLEVs, -0-32-s/mi-and-0-188

(10) Medzum-Dutv Vehzcle Phase-In Requirements. Each manufacturer’s MDYV fleet shall
be defined"as the total number of California certified MDVs from 0-14,000 1bs. ™
produced and delivered for sale in California.

a. Manufacturers of MDVs shall certify an equivalent percentage of 25%
e§ their MDV fleet to accordmg to the following Dhase-m schedule %ﬁﬂdﬁéﬁ

_ Date of Release; 8/1/95 )
- -Board Hearing: 9/28/95 . -23-



(1D,

Model Vehicles Certified to Title 13 CCR Vehicles Certified to Title 13 CCR
Year Section 1960.1()(1) or (M)(2) Section 1956.3(g) or (h)
(%) (%)
Tierl | LEV | ULEV | Tierl | LEV | ULEV
1998 I T T 100 0 0
1999 48 50 2 | 100 0 0
2000 3 |7 2 | 100 | o 0
2001 0 80 20 100 0 0
2002 0 70 30 0 100 0
2003 0 60 | 40 0 100 0
2004 + | 0 60 0 | 0 o | 100
C. The percentages shall be applied to the manufacturers’ total production

of California-certified medium-duty vehicles delivered for sale in California. . _

d. These requirements shall not apply to small volume manufacturers.
Small volume manufacturers shall comply with the requirements of note (16) below.
Definirion of HEV. For the purpose of calculating "Vehicle Equivalent Credits" (or
"VECs"), the contribution of hybrid electric vehicles (or "HEVs"} will be calculated
based on the range of the HEV without the use of the engine. For purpose of
calculating the contribution of HEVs to the VECs, the following definitions shall
apply: '

"Type A HEV" shall mean an HEV which achieves a minimum range of 60
miles over the All-Electric Range Test as defined in "California Exhaust Emission
Standards and Test Procedures for 1988 and Subsequent Model Passenger Cars,
Light-Duty Trucks and Medium-Duty Vehicles" as incorporated by reference in
section 1960.1(k). ' o .

"Type B HEV" shall mean an. HEV which achieves a range of 40 - 59 miles
over the All-Electric Range Test as defined in "California Exhaust Emission Standards

- and Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty

Trucks and Medium-Duty Vehicles” as incorporated by reference in section
1560.1(k). ' B
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(12)

" Type C‘ HEV" shall mean an HEV which achieves a range of 0 - 39 miles

- over the All-Electric Range Test and all other HEVs excluding "Type A" and "Type

B" HEVs as defined in "California Exhaust Emission Standards and Test Procedures
for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks, and
Medium-Duty Vehicles" as incorporated by reference in section 1960.1(k)..

a. For the purpose of calculating VECs, electric vehicles which utilize fuel fired -
heaters and which are not otherwise certified as ZEVs shall be treated as "Type A

‘HEV ULEVs."

Calculation of Vehicle Equivalent Credirs. In 1992 and subsequent model years,

manufacturers that produce and deliver for sale in California MDVs in excess of the
equivalent requirements for LEVs and/or ULEVs certified to the exhaust emission -

-standards set forth in this section (h)(2) or Title 13, CCR Section 1956. 8(h), shall

receive VECs calculated in accordance with the following equation, where the term
"Produced” means produced and delivered for sale in California:

{[(No. of LEVs-Produced excludlng I—IEVS) + (No of "Type C HEV" LEVs
Produced)} + '
[(No. of "Type A HEV" LEVs Produced) x (1.2)] +
.[(No of "Type B HEV" LEVs Produced) x (1.1)] -
(Equivalent No. of LEVs Required to be Produced)} +
{(1.4) x [(No. of ULEVs Produced excluding HEVs) + (No. of "Type C
HEV" ULEVs Produced)] + :
[(1.7) x (No. of "Type A HEV" ULEVs Produced)] +
[(1.5) x (No. of "Type B HEV" ULEVs Produced)] -
[(1.4) x (Equivalent No. of ULEVs Required to be Produced)]} +
{[(1.7) x [(No. of SLEVs Produced excluding HEVs) + (No. of "Type C
HEV" SLEVS Produced)] +
[(No. of "Tvpe A HEV" STLEVs Produced) x (1.70] +
[No. of "Type B HEV" SLEVs) x (1.5)] -
[(1.7) x [(Equivalent No. of SIEVs Required o be Produced)1} +
- [(2.0) x (No. of ZEVs Certified and Produced as MDVs)].

a. Manufacturers which fail to produce and deliver for sale in California

. the equivalent quantity of MDVs certified to LEV and/or ULEV exhaust emission:

standards, shall receive "Vehicle-Equivalent Debits" (or *VEDs") equal to the amount
of negative VECs determined by the aforementioned equation. '
b. Manufacturers shall equalize emission debits within one model year by

. earning VECs in an amount equal to their previous model-year’s total of VEDs, or by

submitting a commensurate amount of VECs to the. Executive Officer that were
earned previously or acqulred from another manufacturer, Any manufacturer which
fails to equalize emission debits within the specified time period shall be subject to the
Health and Safety Code civil penalty applicable to a manufacturer which sells a new
motor vehicle that does not meet the applicable emission standards adopted. by the
state board. The cause of action shall be deemed to accrue when the emission debits
are not equahized by the end of the specified time period. For the purposes of Health
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(13)

(14)
(15)

16)

and Safety Code section 43211, the number of vehicles not meeting the state board’s
emission standards shall be equal to the amount of VEDs incurred. '

c. The VECs earned in any given model year shall retain full value
through the subsequent model year. , - o
d. The value of any VECs not used to equalize the previous model-year’s

debit, shall be discounted by 50% -at the beginning of second model year after beirg
earned, discounted to 25% of its original value if not used by thé beginning of the -
third model year after being earned, and will have no value if not used by the

.- beginning of the fourth model year after being earned.

e. Any VECs earned prior to the 1998 model yea: shall be treated as

~carned in. the 1998 mode! year and discounted in accordance with the schedule

specified in note (12)(d). _
- L Only ZEVs certified as MDVs shall be included in the calculation of

VECs. s R o R

g In order to verify the status of a manufacturer’s compliance with_the

- .phase-in requirements of this section and in order to corfirm the acerual of VECs or

VEDs, each manufacturer shall submit an_annual report to the Executive Officer
which sets forth the production data used to establish compliance by no later than .
March 1 of the calendar vear following the close of the model vear.

SO F Requiremenr. Manufacturers shall demonstrate compliance with the above
standards for NMOG, carbon monoxide, and oxides of nitrogen at 50° F, according to
the procedure specified in Section 11k of the "California Exhaust. Emission Standards
and Test Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles" as incorporated by reference in section
1960.1(k). Hybrid electric, natural gas and diesel-fueled vehicles are exempt from
50° F test requirements. ' _
In-use compliance testing shall be limited to vehicles with fewer than 60,000 miles.
HEYV Requirements. Deterioration factors for hybrid electric vehicles shall be based
on the emissions and mileage accumulation of the auxiliary power unit. For
certification purposes only, Type A hybrid electric vehicles_shall demonstrate
compliance with 50,000 mile emission standards (using 50,000 mile deterioration
factors), and demonstrating compliance with 120,000 mile emission standards shall
not be required. For certification purposes only, Type B hybrid electric vehicles shall

~ demonstrate compliance with 50,000 mile emission standards (using 50,000 mile

deterioration -factors) and 120,000 mile emission standards (using 90,000 mile .
deterioration factors). For certification purposes only, Type C hybrid electric
vehicles shall demonstrate compliance with 50,000 mile emission standards (using
50,000 mile deterioration factorsy and 120,000 mile emission standards (using
120,000 mile deterioration factors). . D
Requirements for Small Volume Manufacturers. As used in Section 1960.1(h)(2), the
term “small volume manufacturer" shall mean any vehicle manufacturer with .
California sales less than or equal to 3000 new PCs, LDTs, and MDVs per model .
year based on the average number of vehicles sold by the manufacturer each model
year from 1992 to 1994, except as otherwise noted below. For manufacturers
certifying for the first time in California, model-year sales shall be based on projected
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California sales. In 2001 and subsequent model years, s}nall volume manufacturers
shall comply with the requirements set forth below.

a.  Prior to the'model year 2001, small volume manufacturers shall not be
required to certify, produce; or deliver LEVs and ULEVs for sale in California. _
b. In 2001 and subsequent model years, small volume manufacturers shall

certify, produce, and deliver for sale in California LEVs in a quantity quivalent to
100% of their MDV fleet. ' ' :

c. 'If a manufacturer’s average California sales exceeds 3000 units of new
PCs, LDTs, and MDVs based on the average number of vehicles sold for any three
consecutive model years, the manufacturer shall no longer be treated as-a small
volume manufacturér and shall comply with the LEV and ULEV requirements
applicable for larger manufacturers as specified in Section 1960. 1(h)(2) beginning
with the fourth model year after the last of the three consecutive model years.

d. If a manufacturer’s average California sales falls below 3000 units of
new PCs, LDTs, and MDVs based on the average number of vehicles sold for any
three consecutive model years, the manufacturer shall be treated as a small volume
‘manufacturer and shall be subject to requirements for small volume manufacturers as
specifted in Section 1960.1(h)(2) beginning with the nexf miodel year, - -

(i) and §)  [No Change] _ - :

&) The test procedures for determining compliance with these standards are set
forth in “California Exhaust Emission Standards and Test Procedures for 1981 through 1987
Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles, " adopted by the
state board on November 23, 1976, as last amended May 20,1987, and in "California
Exhaust Emission Standards and Test Procedures for 1988 and Subsequent Model Passenger
Cars, Light-Duty Trucks, and Medium-Duty Vehicles," adopted by the staté board on May
20, 1987, as last amended September 221003 * , both of which are
incorporated herein by reference.

4y With respect to any new vehicle required to comply with the standards set .
forth in paragraphs (a) through (fh), the manufacturer’s written maintenance instructions for
in-use vehicles shall not require scheduled maintenance more frequently than or beyond the
scope of maintenance permitted under the test procedures referenced in paragraph (k) above.:
Any failure to perform scheduled maintenance shall not excuse an emissions viclation unless
the failure is related to or causative of the violation,

(m) through_ (p) [No Change]

NOTE: Authority cited: Sections 39600, 39601, 43013, 43018, 43101, 43104, and
43105, Health and Safety Code. Reference: Sections 39002, 39003, 39667, 43000,
43009.5, 43013, 43018, 43100, 43101, 43101.5, 43102, 43103, 43104, 43105, 43106,
43107, and 43204-43205.5, Health and Safety Code.
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. Proposed Amendments to
Title 13, California Code of Regulations
Section 1956.8



SECTION 1956.8, TITLE 13, CCR
- Amend Title 13, California Code of Regulations, section 1956.8, as follows':

1956.8 Exhaust Elmsswn Standards and Test Procedures - 1985 and
Subsequent Medel Heavy-Duty Engines and Vehicles. .

(a) | through (b) [Nd Change]

' The regulatory amendments proposed in this rulemaking are shown in underline to
indicate additions and strikeest to indicate deletions from existing regulations. In
June, 1995, staff will be proposing modifications to the heavy-duty otto-cycle
regulations. For that rulemaking, added text are identified herein by izalics; deletions

are shown in Haﬁez——eé——smkeeaf
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(c)(1) The exhaust emissions from (A) new 1987 and subsequent model heavy-duty

otto-cycle engines; (except methanol-fueled engines; and excepr heavy-duty otto-Cycle natural- -

gas-fueled and liquified-petroleum-gas-fueled otto-cycle engines derived from diesel-cycle -
engines;) and (B) from new 1993 and subsequent model heavy-duty methanol-fueled otto-
cycle enginesy (except in all cases engines used in medium-duty vehicles); shall not exceed-:

_~ Exhaust Emission Standards
(grams per brake horsepower-hour)

Model Year Total Optional Non- | Carbon Oxides of
Hydrocarbons Methane Monoxide® Nitrogen
A or OMHCE* Hydrocarbons* :
1987¢ ' 1.1°P _ : 14.4° 10.6
' 1.9 _ 37.1% 10.6
1988-1989 e : 14.4P : 6.0
- L9E - 37.1F 6.0
1990 | n1® 0.9 1440 160
: 1.9% . : .78 | 37,18 6.0
1991-1994 L 0.97 _ 1447 5.0
' 198 .78 - 1371 5.0
1995 end | 1.9 L7 3.8 5.0
Subsequent -
1997 I
1995-1997 1% 1.7 37.1F . 2.5-0.57
1998 and L& L7 37.1F |40
subseghent -
2003
1998 and | 1LF 17 37.1F | 1.5-0.5°
subseqrent -
2003 .
2004 and 0.7 Q.5 - | 14.4 2.0
subsequent® ' .
A "The total or optional non-methane hydrocarbon standards apply to petroleum-fueled,

natural-gas-fueled and liquified-petroleum-gas-fueled engines. The Organic Material
Hydrocarbon Equivalent, or OMHCE, standards apply to methanol-fueled engines.
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Carbon Monoxide emissions from engines utilizing exhaust aftertreatment technology
shall also not exceed 0.5 percent of the exhaust gas flow at curb idle. -

Manufacturers with ‘existing heavy-duty otto-cycle engines certified to the California’
1986 steady-state emission standards and test procedures may as an option certify
those engines, for the 1987 model year only, in accordance with the standards and test
procedures for 1986 heavy-duty otto-cycle engines established in Section 1956.7.

These standards are applicable to otto-cycle engines intendéd for. use in all heavy-duty
vehicles. '

'Applicable to heavy-duty otto-cycle engines intended for use only in vehicles with a

gross vehicle weight rating greater than 14,000 pounds. Also, as an option, a
manufacturer may certify one or more 1988-1994 otto-cycle heavy-duty engine

*configurations intended for use in all heavy-duty vehicles to' these emission §tandards

provided that the total model-year sales of such configurations(s) being certified to

-these emission standards represent no more than 5 percent of total model-year sales of

all otto-cycle heavy-duty engines intended for use in vehicles with a Gross Vehicle

‘Weight Rating of up to 14,000 pounds by the manufacturer.

These are optional standards and apply to all heavy-duty engines intended for use only
in vehicles with a gross vehicle weight greater than 14,000 pounds. A manufacturer

mdy elect to certify to an oprional standard berween the values, inclusive, by 0.5 _

grams per brake horsepower-hour increments.

+ Manufacturers may choose to certify incomplete mediunﬁ-dutv vehicles from 8.501:

14,000 pounds gross vehicle weight to these emission standards as an alternative to the

- primary standards and test procedures specified in Section 1960.1. Title 13. CCR
‘Dbeginning with the 2004 model year, -Manufacturers certifying medium-duty vehicles

to these optional heavy-duty standards and test procedures shall specify, in the
application for certification, an in-use comipliance test procedure. as provided in

Section 2139(c), Title 13, CCR,

(2) [No Change]

(d)  The test procedures for determining compliance with standards applicable to

-1987 and subsequent model heavy-duty otto-cycle engines and vehicles are set forth in the

"California- Exhaust Emission Standards and Test Procedures for 1987 and Subsequent Model -
Heavy-Duty Otto-Cycle Engines and Vehicles,* adopted April 25, 1986, as last amended

,» which is incorporated by reference herein.

(e) through (g) [No Qhange]
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(t) The exhaust emissions from new 1992 and subsequent model—year engines used
in incomplete medlum-duty low-emission vehicles and ultra-low-emission vehicles, and for
diesel engines used in medium-duty Jow-emission vehicles and ultra-low-emission Vehicles

; shall not exceed

Exhaust Emission Standards for Engines Used in Incomplete Medium-Duty
Low-Emission Vehicles and Ultra-Low-Emission Vehicles, and Super
 Low-Emission Vehicles and for Diesel Engines Used in Medium-Duty
Low-Ermssxon Vehicles and Ultra-Low-Emission Vehicles, and

Super Low-Emission Vehicles**
(grams per brake horsepower-hour)

Model Year | Vehicle Carbon Non-Methane 'Foxjmaldehyde Particulates®
Emissions | Monoxide | Hydrocarbons :

Category® and Oxides of
| Nitrogen®
1992%end | LEV  |144 |35 | 0.050 0.10
subsequent - : S '
2001 ' _
2002-2003% | LEV 14.4 3.0 0.050 0.10
1992-2003% | ULEV #2144 |25 0.025 6-65 0.10
2004 and | ULEV 14,4 NMHC | NOx | 0.050 0.10
: G : 7
subsegquent 0.5 2.0
1992 and SLEV 7.2 2.0 0.025 0.05
il subsequent
A. This set of standards is optional. Manufacturers of engines used in incomplete

medium-duty vehicles or diesel engines used in medium-duty vehicles from 8501-
114,000 pounds, gross vehicle weight may choose to comply with these standards as an
alternative to the primary emission standards and test procedures specified in section
1960.1, Title 13; California Code of Regulations. Manufacturers that choose to
comply with these optional heavy-duty standards and test procedures shall specify, in
the application for certification, an in-use compliance test procedure, as provided in
section 2139%(c), Title 13, California Code of Regulanons
B. ~"LEV" means 10w—em13510n vehicle,

"ULEV" means ultra-low-emission vehicle.

" "SLEV" means super low-emission vehicle,
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This standard shall only apply to diesel engines and vehicles. |
Manufacturers may certify engines used in incompléte medium-duty vehicles or diesel
engines used in medium-duty vehicles to these standards to meet the requirements of
section '1956.8(g), Title 13, California Code of Regulations. '

In-use compliance testing shall be limited 4o vehicles or engines with fewer than
90,000 miles. ‘ .
e U.S. EPA is considering the adoption of federal emission standards for eneines
used in incomplete medium-duty vehicles or diesel engines used in medivm-duty-”
vehicles. If the U.S. EPA promulgates a Final Rule establising-emission standards
for this category, the ARB will hold a noticed public hearine within one ear_of such
promulgation to consider the adoption of similar or identical standards in California.

NOTE: Authority cited: Sections 39600, 39601, 43013, .4_-30__13_,' 43101, 43103, 43104, and
43806, Health and Safety Code, and Vehicle Code section 28114. -Reference: Sections \
. 359002, 39003, 43000, 43013, 43018, 43100, 43101, 43101.5, 43102, 43103, 43104, 43106,

43204, and 43806, Healthand Safety Code.

1
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Proposed Amendments to Sections 1965, 2062 and 2101
of Title 13, California Code of Regulations
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| PROPOSED
SECTION 1965, TITLE 13, CCR
~ Amend Section 1965 Title 13, California Code}bf Regulations to read as follOws: )

Section 1965. Emission Control and Smog Index Labels 1979 and Subsequent
Model-Year Motor Vehjcles

In addition to all other requirements, emission control labels required by Cahforma

certification procedures and smog index labels required by Health and Safety Code Section
43200.5 shall conform to the "California Motor Vehicle Emission Control and Smog Index
Label Spec1ﬂcat10ns " adopted March 1, 1978, as last amended Mafeh—%qr-—l—s\%

. , which is incorporated herem by reference

NOTE: Authority cited: Sections 39600, and 39601, and 44254, Health and Safety Code.
Reference: Sections 39002, 39003, 43000, 43013, 43100, 43101, 43102, 43103, 43104, end
43107, 43200.5, and 44254 Health and Safety Code ‘
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PROPOSED
SECTION 2062, TITLE 13, CCR
Add new Section 2062, Title 13, California Code of Regulations to read as follows:

. Section 2062. Assembly-Line Test Procedures 1998 and Subsequent Model
' Years.

New 1998 and subsequent model-vear passenger cars, licht-duty trucks, and medium-

-duty vehicles. subject to certification and manufactured for sale in California. except for zero-
emission vehicles and medium-duty vehicles certified according to the optional standards and :
test procedures of section 1956.8. Title 13, California Code of Regulations, shall be tested in
accordance with the "California Assemblv-Line Test Procedures for 1998 and Subseguent ‘
Model-Year Passenger Cars. Light-Duty Trucks and Medium-Duty Vehicles." adopted

. which is incorporated herein by reference. These test procedures shall also
apply to federally certified light-duty motor vehicles. except as provided in "Guidelines for
- Certification of 1983 and Subseguent Model-Year Federally Certified Licht-Duty Motor

Vehicles for Sale in California.” adopted July 20. 1982 as last amended Julv 12, 1991,

which is incorporated herein by reference.

NOT_E: Authority cited: Sections 39515, 39600, 39601, 43013, 43018, 43101, 43104 and
43210, Health and Safety Code. Reference: Sections 39002, 39003, 39500, 43000, 43013,
43018, 43100, 43101, 43101.5, 43102, 43103, 43104, 43105, 43106, 43204, 43210 43211
and 43212, Health and Safety Code. .
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PAQ_I_’_Q_S.@
SECTION 2101 TITLE 13 CCR
- Amend Section 2101, Title 13, California Code of Regulations to read as.follows:

Section 2101. Compliance Testing and Inspection - New Vehlcle Selectlon, _
: Evaluation, and Enforcement Action,

(@ [No Change]

(b) If the vehicles are selected for cornphanee testmg, the selection and testing of
vehicles and the evaluation of data shall be made in accordance with the "Califorfiia New
Vehicle Compliance Test Procedures " adopted by the state board on June 24, 1976 and last
amended May-0-1979 . Motorcycles scheduled for comphance testing
shall be selected, tested, and evaluated in accordance with the "California New Motorcycie
Compliance Test Procedures " adopted by the state board on June 30, 1977 and amended
- November 24, 1981.

(©) [No Change]

 NOTE: Authonty cited: Sections 39600 and 39601, Health and Safety Code. Reference

Sections 39002, 39003, 39500, 43000 43202, 43210, 43211, and 43212, Health and Safety
Code. . _ ,
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Prolpc‘rsed Amendments to Section 2292.1
Title 13, California Code of Regulations
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PROPOSED REGULATION ORDER
Note: The proposed regulatory modification is shown in s%r—ﬂeeeu{ to 1ndlcate deletion of text.

from the version ad0pted December 8 1994.

Amend Title 13, Califorriia Code of Regulations, section 2292.1, footnote (&) which reads as
fo]lows . .
2292.1 " Fuel Specifications for M100 Fuel Methanol

The following standards apply to M-100 fue! methanol
(The 1dent1f1ed test methods are mcorporated herein by reference)

Speczﬁcanom for M-100 Fuel Methanol
,Sﬁeczﬁcaﬁon ' 7 Value . Test Method
7 | : .* ¥ Kk "k %k |

Joqamaten oo S . Shall mpndiian o Tiarei
P =3z rrry \J.;ALJI o proaact-aT

® Xk Kk ¥ %

NOTE: Authority cited: Sections 39600, 39601, 43013, 43018 and 43101, Health and
Safety Code; and Western Oil and Gas Ass'n. v. Orange County Air Pollution. Control
District, 14 Cal.3d 411, 121 Cal.Rptr. 249 (1975). Reference: Sections 39000, 39001,
39002, 39003, 39010, 39500 40000, 43000, 43016, 43018 and 43101, Health and Safety
Code; and Western Oil and Gas Ass'n.-v. Orange County Air Pollutzon Conrrol District, 14
Cal.3d 411, 121 Cal.Rptr. 249 (1975). :
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