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EXECUTIVE SUMMARY

In 1994, the Air Resources Board (ARB) approved arevision to the State Implementation
Plan (SIP) that contains clean air strategies needed to meet the health-based 1-hour federal ozone
air quality standard. The ozone SIP includes mobile source Measure M2 that calls for the
adoption of technology-based emission control strategies for light-duty vehicles to be
implemented beginning with the 2004 model year and a reduction of 25 tons per day (tpd)
reactive organic gases plus oxides of nitrogen (ROG plus NOx). In addition to Measure M2, the
SIP relies on the development of additional technology measures (the mobile source “Black Box”)
to provide another 75 tpd ROG plus NOx needed for attainment in the South Coast Air Basin.
The staff’ s proposal achieves the M2 SIP commitment and will provide additional emission
reductions to cover shortfallsin defined ARB measures and make progress on the Black Box.
The reductions will also ensure continued progress toward meeting state and new federal air
quality standards for ozone and particul ate matter.

The proposal being presented in this rulemaking affects al passenger cars, light-duty
trucks and medium-duty vehicles and includes new standards for both exhaust and evaporative
emissions. The exhaust emission proposal includes a0.05 gram/mile LEV and ULEV NOx
standard, a new emission category -- Super-Ultra-Low-Emission Vehicle (SULEV), increased
durability requirements, a declining manufacturer fleet average emission requirement, a
restructuring of the light-duty truck category to reflect the increasing usage of trucks and sport
utility vehicles for personal transportation and a requirement that these vehicles meet the same
numerical emission standards as passenger cars, the alowance of partial zero-emission vehicle
(ZEV) credit for exceptionally clean vehicles, lower emission standards for medium-duty vehicles,
and numerous technical updates and revisions to the motor vehicle test procedures. This
rulemaking a so includes extensive revisions to streamline the certification process and increase in-
use testing requirements, to reflect ssimilar changes being proposed by the United States
Environmental Protection Agency.

The exhaust standards proposed in this rulemaking present a significant challenge to
automobile manufacturers over the next ten years. Staff has endeavored to provide compliance
flexibility to manufacturers wherever possible in phasing-in the proposed LEV 1l standards. This
proposal is structured to allow manufacturers to adapt their introduction of LEV Il vehiclesin
accordance with their normal production schedules while still requiring a steady phase-in of LEV
Il vehicles.

Staff conducted a research and test program to determine the technological feasibility of
the proposed “LEV |1” standards. Some of the basic emission control approaches projected to be
used for LEV |1 vehicles are currently being utilized on new vehicles; accordingly, staff expects
that manufacturers will continue to improve current LEV | program technology to meet the LEV
Il standards. The results of staff’ s testing indicate that the LEV 11 standards are technologically
feasible. Staff estimates that the cost to produce LEV 11 vehicles compared to LEV | vehicles will
range from approximately $71 to $279 per vehicle, depending on the vehicle type.



The evaporative emission proposal consists of lower diurna and hot soak evaporative
emission standards of up to 80 percent from current standards; increased evaporative emission
durability requirements from 10 years or 100,000 miles, whichever first occurs, to 15 years or
150,000 miles, whichever first occurs; and technical updates and modifications to the evaporative
test procedures. The proposed implementation of the reduced standards would be 40 percent of
applicable vehicles in the 2004 model year, 80 percent in the 2005 model year, and 100 percent in
the 2006 and subsequent model years.

Staff conducted a test program to investigate the sources of evaporative emissions and
potential emission control strategies, and held numerous meetings with automotive manufacturers
to gather evaporative emission information. The projected technologies for compliance with the
proposed evaporative standards would consist of improvements to vehicle fuel tanks and
associated connections, revised fuel system lines and connections, updated vehicle carbon
canisters, revised gas caps, and the use of intake manifold carbon filters. Some of these potential
technologies are already being used on current vehicles. Staff estimates that the retail cost of
compliance with the reduced evaporative standards is $25 per vehicle.

The estimated emission reduction benefits in the South Coast Air Basin for the proposed
adoption of these standards are 51 tpd NOx and 6 tpd ROG in 2010 using the current inventory.
The estimated cost-effectiveness of the staff’s proposal averages approximately $1.00 per pound
of ROG + NOx reduced. This cost-effectivenessiswell within the range of other motor vehicle
control measure costs. The staff recommends that the Board adopt the staff proposal.



INTRODUCTION

Although significant strides have been made toward improving California sair quality,
health-based state and federal air quality standards continue to be exceeded in regions throughout
Cdifornia. Areas exceeding the federal 1-hour ozone standard include the South Coast Air Basin,
San Diego County, the San Joaquin Valley, the Southeast Desert, the Broader Sacramento area
and Ventura County. With promulgation of the new federa eight-hour ozone standard, more
areas of the State are likely to be designated as nonattainment. Ozone (created by the
photochemical reaction of reactive organic gases (ROG) and oxides of nitrogen (NOx)) leads to
harmful respiratory effects including lung damage, chest pain, coughing, and shortness of breath,
especialy affecting children and persons with compromised respiratory systems. Other
environmenta effects from ozone include crop damage. In addition, because o0zone precursors,
such as NOx, also react in the atmosphere to form particulate matter (PM), reductionsin NOx
will be crucial to meet existing state and federal PM,, standards, as well as the new federa
standards for fine particulate matter (PM,, ;).

Cdifornia’ s plan for achieving the federa 1-hour ozone standard is contained in the
California State Implementation Plan (SIP) that was approved by the Board in 1994. A
significant part of the SIP pertains to the control of mobile sources, which are estimated to
account for approximately 60 percent of ozone precursors statewide. The SIP calls for new
measures to cut 0zone precursor emissions from mobile sources to half of what the emissions
would be under existing regulations. SIP mobile source measure M2 (Improved Control
Technologies for Light-Duty Vehicles), which calls for the adoption of technology-based emission
control strategies for light-duty vehicles to be implemented beginning with the 2004 model year, is
expected to achieve emission reductions of 25 tons per day (tpd) of ROG plus NOx by 2010 from
light-duty vehicles in the South Coast Air Basin. In addition to Measure M2, the SIP for the
South Coast Air Basin (an extreme ozone nonattainment area) relies on the development of
additional technology measures as allowed in Section 182(e)(5) of the Clean Air Act Amendments
of 1990, in order to attain the ozone air quality standard by the required 2010 deadline. The SIP
calls for additiona motor vehicle emission reductions in the South Coast Air Basin of
approximately 75 tpd ROG plus NOx (these emission reductions are referred to as the mobile
source “Black Box”).

One purpose of this rulemaking, therefore, is to address the requirements of California’'s
SIP Measure M2 and to introduce advanced technology measures to achieve additional emission
reductions needed for the South Coast Air Basin. The reductions will aso ensure continued
statewide progress toward meeting state and federal air quality standards for ozone and
particulate matter. The emission reduction estimates contained in this report pertain to the South
Coast Air Basin (SoCAB) because the benefits are currently credited only to the South Coast in
the 1994 ozone SIP. However, the emission reductions are needed statewide. The LEV I
regulations will help achieve and maintain the federal one-hour ozone standard in regions such as
the San Joaquin Valley and the Sacramento area, the federal eight-hour ozone and particulate
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matter standards in a number of areas, and the State ozone and particulate matter standards
throughout California.

Although the proposed amendments would affect passenger cars, light-duty trucks and
medium-duty vehicles, the heart of the staff proposal is a requirement that sport utility vehicles
and heavier trucks meet passenger car standards. The proposal would aso lower tailpipe
standards for all vehicles, lower manufacturer fleet average non-methane organic gas (NMOG)
standards, lower evaporative emission standards, revise the criteria for determination of zero-
emission vehicle (ZEV) credits, and include numerous technical modifications that would update
the regulations and test procedures to account for devel oping technologies such as hybrid electric
vehicles. While staff will be proposing additional flexibility in determining the eligibility of a
vehicle for receiving a ZEV credit, revisions to the 2003 and subsequent model year 10% ZEV
requirement will not be considered in this rulemaking. Finally, staff will be proposing
modifications to the Smog Index Label specifications to include the proposed new emission
standards, and modifications to the NMOG Test Procedures to reflect updates in laboratory
procedures and instrumentation. Except for the evaporative amendments, these proposed
amendments will be discussed in Part 11 of this Staff Report. The evaporative emission proposal
will be discussed in Part 111.

Another aspect of this rulemaking covers proposed amendments to the certification and in-
use compliance requirements for motor vehicles. In 1995, the U.S. Environmental Protection
Agency (U.S. EPA), ARB and the automobile manufacturers signed a Statement of Principles that
states:

“... the Signatories commit to working together to achieve regulatory
streamlining of light-duty vehicle compliance programs, including reduction of
process time and test complexity, with the goal of more optimal resources spent by
both government and industry to better focus on in-use compliance with emission
standards.”

Since then, staff has been working with U.S. EPA and the automobile industry to develop a
streamlined motor vehicle certification process coupled with an enhanced in-use compliance
program (called “ Compliance Assurance Program” or “CAP 2000”). As part of the effort,
Cdlifornia agreed to harmonize to the greatest extent possible with the federal programsin order
to further reduce the regulatory burden on automobile manufacturers, while at the same time
ensuring that stringency of the California programsis not reduced in any way. The amendments
being proposed in this rulemaking are a result of this process and will be discussed in Part V of
this Staff Report.

Finally Part 1V addresses some proposed modifications to the on-board diagnostic system
phase-in requirements and Parts VI and VI present the economic and environmental impacts of
the LEV Il proposal.



. PROPOSED AMENDMENTSTO CALIFORNIA’'SLOW-EMISSION VEHICLE
EXHAUST EMISSION STANDARDS (LEV 11)

A. BACKGROUND

In 1990, California adopted the most stringent exhaust regulations ever for the control of
emissions from light- and medium-duty vehicles with its Low-Emission Vehicle (LEV) Program.
Today’ s passenger cars and light-duty trucks are over 90% cleaner than when they were first
regulated in the 1960s. This section provides an overview of the origina LEV Program. Because
amajor element of this rulemaking is a proposed change in the treatment of heavier vehicles, the
overview focusses on the vehicle weight classifications in the current program.

1. Vehicle Classes and Exhaust Emission Standards. Under the LEV regulations,
different tail pipe emission standards apply to vehiclesin different weight classifications, with
heavier light and medium trucks generally allowed to emit more pollutants. There are currently
seven vehicle classifications that fall under the LEV program:

passenger cars (PCs) (all weights);
light-duty trucks
0-3750 lbs. loaded vehicle weight (LVW)! (“LDT1") and
3751-5750 |bs. LVW (“LDT2");
medium-duty vehicles
3751- 5750 Ibs. test weight (TW) (“MDV2"),
5751-8500 Ibs. TW (“MDV3"),
8501-10,000 Ibs. TW (“MDV4"), and
10,001-14,000 Ibs. TW (“MDV5").

The weight classifications for trucks were created in recognition of the larger load carrying
capacity and more rigorous duty cycle of trucks that could lead to more severe emission
deterioration. Testing of light-duty trucks and medium-duty vehicles aso accounts for these
differencesin load carrying capacities. While LDTs are tested with an extra 300 pounds added to
the weight of the vehicle, the weight at whichaMDYV istested is higher because it is based on
one-half of the payload of the vehicle (generally 1,000 Ibs. or more) plus the curb weight.
Because the payload of an MDV can vary even within the same model (e.g., a Ford F150 can
have a payload ranging from 1390 to 2435 Ibs.), the same vehicle platform can have vehiclesin

! There are several classifications for vehicles based on weight. Curb weight is
defined as the actua weight of the vehicle. Loaded vehicle weight (LVW) is
defined as the curb weight of the vehicle plus 300 pounds. Gross vehicle weight
rating (GVW) is the curb weight of the vehicle including the full payload. Test
weight (TW), aso known as adjusted |oaded vehicle weight (ALVW), isthe
weight at which a medium-duty vehicleis tested and is defined as the average of a
vehicle' s curb weight and gross vehicle weight.
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both the LDT2 or MDV 2 categories because the higher payload will cause some of the vehiclesto
be placed in the MDV 2 category. Payloads can also vary between vehicles in the MDV2 and
MDV 3 categories causing the same model to be certified in both categories because of payload
differences. Thisfigure aso includes the proposed LEV 1l vehicle classes that will be discussed
later in this report.

Within each vehicle classification there are also several low-emission vehicle standards to
which avehicle may certify. In order of increasing stringency, these standards are:  transitional
low-emission vehicle (TLEV), low-emission vehicle (LEV), ultra-low-emission vehicle (ULEV)
and super-ultra-low-emission vehicle (SULEV) and are set forth in Table I1-1.

Tablell-1

Current Exhaust Mass Emission Standardsfor TLEV, LEV, and ULEV Passenger Carsand Light-Duty Trucks
and LEV, ULEV and SULEV Medium-Duty Vehicles

Vehicle Type Mileage for Vehicle NMOG Carbon Oxides of Formaldehyde | Diesd
Compliance Emission | (g/mi) Monoxide Nitrogen (mg/mi) Particulate

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

All PCs; 50,000 Tier1 0.25 34 0.4 n/a 0.08

LDT1s(0-3750 Ibs.

LVW) TLEV 0.125 34 0.4 15 n/a
LEV 0.075 34 0.2 15 n/a
ULEV 0.040 17 0.2 8 n/a

LDT2s 50,000 Tier1 0.32 44 0.7 n/a 0.08

3751-5750 |bs. LVW
TLEV 0.160 44 0.7 18 n/a
LEV 0.100 44 0.4 18 n/a
ULEV 0.050 22 0.4 9 n/a

-2




Vehicle Type Mileage for Vehicle NMOG Carbon Oxides of Formaldehyde | Diesd
Compliance Emission | (g/mi) Monoxide Nitrogen (mg/mi) Particulate
Category (g/mi) (g/mi) (g/mi)
MDV2s 50,000 Tier1 0.32 44 0.7 18 n/a
3751-5750 Ibs. TW
LEV 0.160 44 0.4 18 n/a
ULEV 0.100 44 0.4 9 n/a
SULEV 0.050 22 0.2 9 n/a
MDV3s 50,000 Tier1 0.39 5.0 11 22 n/a
5751-8500 Ibs. TW
LEV 0.195 5.0 0.6 22 n/a
ULEV 0.117 5.0 0.6 11 n/a
SULEV 0.059 25 0.3 6 n/a
MDV4s 50,000 Tier1 0.46 55 13 28 n/a
8501 -10,000 |bs. TW
LEV 0.230 55 0.7 28 n/a
ULEV 0.138 55 0.7 14 n/a
SULEV 0.069 2.8 0.35 7 n/a
MDV5s 50,000 Tier1 0.60 7.0 20 36 n/a
10,001-14,000 Ibs. TW
LEV 0.300 7.0 1.0 36 n/a
ULEV 0.180 7.0 1.0 18 n/a
SULEV 0.09 35 05 9 n/a

There are additional emission standards at 100,000 miles for passenger cars and light-duty trucks
and 120,000 miles for medium-duty vehicles.

2. Phase-In Requirements. One of the flexibilities of the LEV Programisthat a
manufacturer may chose the standards to which each vehicle is certified provided the overall fleet
meets the specified phase-in requirements. For passenger cars and light-duty trucks, the NMOG
exhaust emissions averaged over a manufacturer’ s entire light-duty product line must meet the
following values based on the 50,000 mile NMOG standard to which each vehicle is certified.

Tablell-2
Fleet Average NMOG Requirements

Vehicle Category 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

PCs; LDTs0-3750 | 0.250 0.231 0.225 | 0.202 | 0.157 0.113 0.073 0.070 | 0.068 | 0.062

LDTs 3751-5750 0.320 0.295 0.287 | 0.260 | 0.205 0.150 0.099 0.098 | 0.095 | 0.093

The only instance where a specified percentage is required is for zero-emission vehicles, where
each large and intermediate volume manufacturer must produce 10% of its PC and LDT1
production volume as zero-emission vehicles beginning in 2003. The separate fleet average
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values for the heavier category of light-duty trucks reflects the higher emission standards
applicable to these trucks and the lack of a separate ZEV requirement pertaining to these vehicles.

There are two types of medium-duty vehicles - those that are certified using the chassis
dynamometer (the left column of Table I1-3) and those certified using an engine dynamometer
(the right column of Table 11-3). Medium-duty vehicles have separate low-emission vehicle
phase-in requirements based on a percent phase-in schedule because the numerous vehicle weight
classifications make a fleet average requirement difficult to implement.

Tablel1-3

M edium-Duty Vehicle Phase-In Requirements
Model Chassis Certified Vehicles Engine Certified Vehicles
Year (% Sales) (% Sales)

Tier1 LEV ULEV Tier 1 LEV ULEV

1998 73 25 2 100 0 0
1999 48 50 2 100 0 0
2000 23 75 2 100 0 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 40 0 0 100

B. SUMMARY OF PROPOSED LEV || AMENDMENTS

In order to meet the SIP commitments, staff considered the following strategies:
restructuring the light-duty truck category to include larger trucks and sport utility vehicles
(SUVs) and requiring them to meet passenger car standards, lower tailpipe standards, lower fleet
average requirements, increased durability requirements, lower evaporative emission standards
(discussed in Part 111), and partial zero-emission vehicle credits for exceptionally clean vehicles.
In addition staff is proposing technical modifications to the hybrid electric vehicle test procedures
to accommodate emerging hybrid technologies, modifications to the Smog Index |abel to
incorporate the proposed lower exhaust and evaporative emission standards and updates to the
NMOG Test Procedures to reflect updates in laboratory procedures and instrumentation. The
following is a description of the staff proposal. A complete description of the regulatory
amendments is contained in the appendices.

1. Proposal to Require SUVsand Heavier Trucksto Meet Passenger Car
Standards.  When the light-duty truck (LDT) and medium-duty vehicle (MDV) categories
were first established, the majority of vehiclesin the MDV category were primarily used for work
purposes (e.g., a Ford F150 was used by electricians, plumbers, painters, etc.). Because these
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work vehicles have a larger load carrying capacity and a potentially more rigorous duty cycle,
separate and numerically less stringent emission standards were developed that account for more
severe emission deterioration.  The high sales numbers of full size pick-up trucks, and the more
recent introduction of extremely popular SUV's, however, has greatly altered the light- and
medium-duty truck use patterns. Whereas these vehicles were traditionally used for work
purposes, it is now very common for trucks and SUVsto be used primarily for persona
trangportation (i.e., as passenger cars). In addition, SUV's have been increasing in market share
and now constitute almost 15% of the vehicle market. Automotive News (October 13, 1997)
reports that the U.S. new vehicle market, “once dominated by cars, is approaching a car/light-duty
truck split” with cars declining from 80% in 1980 to 54% in 1997. Light trucks (including SUVs)
have increased from 20% in 1980 to almost 46% in 1997. This trend has a substantial impact on
Cdifornia sair quality because, although these vehicles are used as passenger cars, they are
certified to the more lenient gram per mile (g/mi) emission standards designed for work trucks.

For this reason, staff is proposing a substantial restructuring of the light-duty truck
category to include SUV's and heavier light trucks under 8500 Ibs. GVW and to require them to
meet the same standards as passenger cars. The trucks and SUV s that would be affected by this
rulemaking include light trucks such as the Toyota RAV4 and Ford Ranger; medium-light trucks
such as the Jeep Grand Cherokee, Chevy Blazer and Ford Explorer; all mini-vans; and the heavier
light trucks such as the Ford F150, Ford Expedition, Chevrolet Suburban and Dodge Ram 1500
trucks. Vehiclesthat are likely to remain in the proposed medium-duty vehicle category include
the yet to be introduced Ford Excursion, Ford F250 and F350 Super-Duty trucks, Dodge Ram
2500 and 3500 trucks, the largest version of the Chevrolet Suburban and many full size vans.

In establishing the standards that would apply to SUV's and the heavier light trucks, staff
took into account that while the truck standards are currently differentiated into separate weight
classes to account for their load carrying capacity, the same is not true for passenger car
standards. Although passenger cars can be used for towing or carrying moderate loads as do
pick-up trucks, SUVs and minivans, the heavier, larger PCs are required to meet the same
emission standards as the smallest models because all vehicles are primarily used for personal
transportation. With the substantial increase in the number of pick-up trucks, SUV's and minivans
being primarily used as passenger cars, staff believes that they should aso be required to meet
passenger car standards. While automobile manufacturers seem to acknowledge that it is possible
to achieve passenger car emission levels for trucks at low mileage, they contend that maintaining
low levels for the useful life of the truck is doubtful. However, recent advancementsin emission
control technologies should enable the low emission levels to be maintained for the useful life of
these vehicles. The use of advanced, high durability catalysts, in particular, would make the
vehicles less susceptible to deterioration from load carrying or towing conditions.

In determining the criteria for the new truck category, staff considered several options.
The biggest obstacle in selecting an appropriate vehicle weight criterion is how to distinguish
work trucks from trucks used primarily for personal transportation. Another important
consideration is how to ensure that trucks used primarily for personal transportation would not be
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certified to the higher weight categories just to avoid more stringent truck standards. One option
involved differentiation based on type of axle (semi-floating vs. full floating axle) but this was not
selected because almost al of the heavier personal-use SUV's are equipped with afull floating axle
as standard equipment. Curb weight was aso considered because it appeared to provide the least
likely opportunity for manufacturers to dlip vehicles into the higher weight categories that have
more lenient standards. Consideration was aso given to treating work trucks differently based on
the number of wheels or trailer towing capacity.

After considerable discussion with manufacturers, staff is proposing that the cutpoint be
based on GVW and selected 8,500 Ibs. GVW as the dividing point. Since most pick-up trucks
and SUV's have a curb weight less than 5,500 Ibs. and a payload between 1,000-2000 lbs,, it is
anticipated that the majority of the heavier trucks will fall in the new LDT2 category below 8,500
Ibs. GVW. It appears unlikely that manufacturers would unnecessarily add payload to trigger a
numerically higher standard because of the negative impact on fuel economy, performance and
cost. Therefore, staff is proposing that the light-duty truck category be restructured whereby
trucks between 3751 Ibs. LVW and 8,500 Ibs. GVW would be combined in anew LDT2 truck
category; the lightest weight category, 0-3750 |bs. LVW would remain the same because the ZEV
requirement only affects this truck class; and trucks over 8,500 |bs. GVW would remain in the
medium-duty vehicle category. The new LDT2 light-duty truck category would affect the current
light-duty truck 3751-5750 Ib. LVW classification and all trucks currently classified as medium-
duty vehicles under 8,500 Ibs. GVW.

In recognition that some of the heavier trucks in the new truck category will be engineered
for more rigorous duty, however, staff is proposing that a small percentage (up to 4%) of a
manufacturer’ s truck salesin the new LDT2 category be alowed to certify to a marginally higher
NOx emission standard than the other vehiclesin this class. The only other stipulation for using
this alowance would be that the vehicles must have a maximum base payload rating (GVW minus
base curb weight) of 2500 Ibs. or higher (this prevents manufacturers with limited sales of these
types of vehicles from applying the allowance to the lighter vehicles that do not need the
allowance). The trucks that will likely be considered for this category are ones that have
counterparts in the over 8,500 |bs. GVW category such as the Ford F250, GM 2500 series and
Chryder 2500 series (the numbers of such vehicles currently being produced is the basis of the 4%
determination). Based on areview of certification data, staff estimates that the number of
vehicles that would potentially be considered is less than 25,000 trucks annually from all
manufacturers. The emission impact is expected to be minimal because of the small number of
vehicles affected and because the proposed standard of 0.07 g/mi NOx at 50,000 milesis only
dightly higher than the 0.05 g/mi NOx LEV emission level for most of the vehiclesin this class.
The 120,000 mile standard would be 0.10 g/mi NOx. To determine the number of vehicles that
would be dligible, a manufacturer would apply the 4% cap to the projected sales of its light-duty
truck fleet from 3751 Ibs. LVW to 8500 Ibs. GVW. This approach removes the need to
distinguish work trucks from those designed for light-duty service based on some set of arguable
criteria.
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2. Proposed Exhaust Emission Standards. In thisrulemaking staff is proposing
new “LEV II” standards for light- and medium-duty vehicles that represent a significant
strengthening of the preexisting LEV standards. First, as mentioned above, staff is proposing that
light-duty trucks that fall into the new LDT2 truck category meet the same standards applicable to
passenger cars. Second, staff is proposing a 0.05 g/mi NOx standard for light-duty LEVs and
ULEVs. Third, staff is proposing that the full useful life for both passenger cars and light-duty
trucks be increased from 100,000 miles to 120,000 miles. Fourth, staff is proposing the
introduction of a new emission standard -- Super-Ultra-Low-Emission Vehicle or “SULEV” -- for
passenger cars and light-duty trucks. Fifth, staff is proposing a reduction in the light-duty diesel
particulate matter standards to 0.04 g/mi for TLEVsand to 0.01 g/mi for LEVs, ULEVsand
SULEVs. Findly, staff is proposing an optional extension of the full useful life t0150,000 miles
while still meeting the same numerical 120,000 mile standards for which commensurate additional
fleet average NMOG credit would be provided. Table I11-4 below sets forth the proposed LEV |1
standards, a discussion of each aspect of the proposal follows.

Tablell-4
Exhaust Mass Emission Standardsfor New 2004 and Subsequent M odel
TLEVsS, LEVs, ULEVs, and SULEVs
in the Passenger Car, Light-Duty Truck and Medium-Duty Vehicle Classes
Vehicle Type Mileagefor | Vehicle | NMOG Carbon Oxidesof | Formaldehyde Diesd
Compliance | Emission | (g/mi) Monoxide | Nitrogen (mg/mi) Particulate
Category (g/mi) (g/mi) (g/mi)
All PCs; 50,000 TLEV 0.125 34 0.4 15 na
LDTs<8,500 Ibs. GVW
LEV 0.075 34 0.05 15 na
Vehiclesin this category are L EV(l) 0.075 34 0.07 15 n/a
tested a thelr loaded venicle ULEV 0.040 17 0.05 8 na
weight (curb weight plus
300 pounds) 120,000 TLEV 0.156 4.2 0.6 18 0.04
LEV 0.090 4.2 0.07 18 0.01
LEV® 0.090 4.2 0.10 18 0.01
ULEV 0.055 21 0.07 11 0.01
SULEV 0.010 1.0 0.02 4 0.01
150,000 TLEV 0.156 4.2 0.6 18 0.04
(Optiond)
TLEV® | 0125 4.2 05 18 0.04
LEV 0.090 4.2 0.07 18 0.01
LEV® 0.090 4.2 0.10 18 0.01
ULEV 0.055 21 0.07 11 0.01
SULEV 0.010 1.0 0.02 4 0.01

-7



Vehicle Type Mileagefor | Vehicle | NMOG Carbon Oxidesof | Formaldehyde Diesd
Compliance | Emission | (g/mi) Monoxide | Nitrogen (mg/mi) Particulate

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

MDVs 120,000 LEV 0.195 6.4 0.2 32 0.12

8500 - 10,000 Ibs. GVWR

Vehiclesin this category are ULEV 0.143 6.4 0.2 16 0.06

tested at their adjusted

loaded vehicle weight (curb

weight plus % payload) SULEV 0.100 32 0.1 8 0.06

MDVs 120,000 LEV 0.230 7.3 0.4 40 0.12

10,001-14,000 Ibs. GVWR

Venidesin this category are ULEV 0.167 7.3 0.4 21 0.06

tested at their adjusted

loaded vehicle weight (curb

weight plus % payload) SULEV 0.117 3.7 0.2 10 0.06

@ Thisoptiona LEV standard applies to up to 4% of amanufacturer’s LD T2 fleet with a maximum base
payload in excess of 2500 Ibs. See section 11-1 above for adiscussion of this standard.

@ Thisoptional TLEV standard is applicable for 150,000 miles only (e.g., no 50K or 120K standard) and is
not eligible for supplemental fleet average NMOG credit.

@ Proposed passenger car and light-duty truck standards. Staff based the
proposed lower LEV and ULEV standards on recent certification data that suggest light-duty
trucks would be able to meet passenger car standards and that both passenger cars and light-duty
trucks would be able to meet 2 0.05 g/mi NOx standard. To confirm the feasibility of a0.05 g/mi
NOx standard, staff tested several late model vehicles. A discussion of the test results to date and
technological feasibility of this proposa is contained in Section C.

Staff is proposing that the TLEV standard be kept at current levels and is also proposing
addition of an optional 150,000 mile standard for TLEVsonly. Thisisto provide for the sale of
limited numbers of high fuel economy engines that currently exhibit relatively high NOx
emissions, but also show promise of lower NOx emissions with additional development. Direct
injection gasoline and diesal engines would most likely utilize this option. The declining fleet
average requirement, however, would generally allow fewer vehicles to utilize this option in
successive years, thereby spurring rapid progress in lowering NOx emissions. These engines
exhibit low CO, emissions that would help reduce global warming. With this optional 150,000
mile standard, the emission warranty requirements for high cost parts would be increased from 7
years/70,000 miles to 8 years/100,000 miles and in-use testing requirements would be extended
from 75,000 miles to 105,000 miles.

Finally, staff is proposing intermediate in-use compliance standards for the first two years
of aLEV Il vehicle sintroduction in order to provide manufacturers with an “in-use compliance
margin.” Without some experience in meeting a new emission standard, the manufacturer
assumes a certain amount of risk for unanticipated problems encountered in the field. With
additional compliance margin for two years, the manufacturer has the ability to make small
adjustments as needed if in the first two years of production the vehicles are too close to the
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standard. This saves the manufacturer cost and engineering staff time, while ensuring good
emission performance.

(b) Proposed extension of useful life to 120,000 miles. Current data on vehicle
miles traveled indicate that, on average, passenger cars are driven 122,000 miles, light-duty trucks
110,000 miles, and medium-duty vehicles 118,000 miles during their first ten years of life. In
addition, emission control systems have become more robust over the last several years as
manufacturers strive to meet 100,000 mile low-emission standards and on-board diagnostic
requirements. This trend coupled with the convergence of mileage accumulation among these
groups suggests adoption of an updated, uniform useful life criterion. Accordingly, staff is
proposing that, for passenger cars and light-duty trucks, the full useful life be defined as 10 years
and 120,000 miles, whichever occurs first. The time constraint for medium-duty vehicles would
be aligned with that for passenger cars and light-duty trucks at 10 years and the mileage would
remain the same at 120,000 miles.

(c) Proposed SULEV Standard. Staff is proposing creation of anew light-duty
SULEV standard because recent technology developments indicate that gasoline, aternative fuel
and hybrid electric vehicles could potentialy reach emission levels significantly lower than the
ULEV standard. The proposed emission values represent staff’ s estimate of levels that can be
achieved cost effectively using the best available control technology, though not necessarily the
most exotic, and using avariety of fuelsincluding Phase 2 gasoline. In October, 1997, Honda
announced that an advanced prototype gasoline Accord could achieve exhaust emission levels
near zero. Honda has also presented data for a compressed natural gas vehicle with emission
levels at one tenth of current 50,000 mile ULEV requirements over its full useful life. Thisvehicle
iscurrently available for salein Cadifornia. In addition, many automobile manufacturers have
indicated they are serioudly considering plans to mass-produce hybrid electric vehicles (HEVS)
and some manufacturers have unveiled their close-to-production prototypes. Toyotais currently
selling an HEV equipped with both an electric motor and a 1.5 liter gasoline engine in Japan.
Given the potentia for some hybrid designs to utilize constant speed auxiliary power unit
operation and quick lightoff catalytic converters, achieving emissions at the proposed SULEV
emission level ispossible. Thus, staff is proposing the creation of a new emission category,
SULEV, for these very clean vehicles to which manufacturers could choose to certify.

The new SULEV category would have two separate useful life mileages -- 120,000 miles
and an optiona 150,000 mile useful life. Sales of vehicles certified to either SULEV standard
would help manufacturers reduce their fleet average NMOG values (see paragraph (e) for a
discussion of the 150,000 mile provision). In addition, staff is proposing that SULEV s that meet
additional criteriawould be eligible to receive a partial ZEV alowance (see section 4).

(d) Proposed particulate matter standards. The effects of particulate matter (PM)
on health and visibility are of increasing concern, especially PM emissions 2.5 microns or lessin
size (PM,.). Inresponse to these concerns, the U.S. EPA has promulgated new ambient air
quality standards for PM, .. Since mobile source emissions are a major contributor to PM, ., staff
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is proposing afull useful life LEV, ULEV and SULEV PM standard of 0.010 g/mi for light-duty
diesdl vehicles and trucks less than 8,500 Ibs. GVW. Diesdl vehicles certifying to TLEV
standards would be required to meet afull useful life PM standard of 0.04 g/mi. These standards
are intended to provide an upper limit on PM emissions from vehicles used in large measure for
personal transportation.

The data for light-duty diesel vehicles suggest that significantly more development is
needed for these vehicles to meet a 0.010 g/mi PM standard. Recent certification data from two
light-duty diesal vehicles show PM emissions of 0.05 g/mi and NOx emissions of 0.7 g/mi. Given
the low NOx standards being proposed for LEV 1l and the difficulty associated with
simultaneoudly achieving both low NOx and PM emissions from diesel engines, it is unclear
whether diesel vehicles will be able to achieve a0.01 g/mi LEV or ULEV PM standard in the
foreseeable future. However, with further improvements to engine controls and the devel opment
of lean-NOx catalyst technology, light-duty diesels may be able to meet the 0.04 g/mi TLEV PM
standard. Use of particulate traps also remains an option. Also, the federal government and
domestic automakers in the Partnership for a New Generation of Vehicles (PNGV), which is
developing an 80 mile per gallon mid-size car for 2004 using diesel technology, has established an
0.01 gram per mile PM emission goal.

(e) Optional 150,000 Mile Certification. The ARB’sinventory shows that
approximately 20 percent of all vehicle milestraveled are from vehicles that have accumul ated
between 100,000 and 150,000 miles. Emissions from these vehicles represent a significant
portion of the emission inventory. In order to promote vehicles that are durable even after their
defined useful life (120,000 miles), staff is proposing an optional 150,000 mile certification
standard equal to the applicable 120,000 mile standard (this specific option would not be available
to TLEVsthat certify to the special 150,000 mile option as covered in section (a)).

Manufacturers that certify to this optional standard would need to meet the following enhanced
requirements:

0] The vehicle would be certified to the applicable 120,000 mile
standard at 150,000 miles;

(i) The emission warranty requirements for high cost warranty parts
would be increased from 7-years/70,000 miles to 8-years/100,000 miles; and

(i)  High mileage in-use compliance testing requirements would be
extended from 75,000 miles to 105,000 miles.

For certifying to this optional standard, manufacturers would receive additional NMOG credits
towards compliance with the fleet average requirements. Specifically, under this proposa, the
vehicles certifying to the optional 150,000 mile standard will use an NMOG value that is 85% of
the 50,000 mile certification standard for the purpose of calculating the fleet average requirement.
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Tablell-5
150,000 Mile Fleet Average NMOG Values

Model Y ear Emission NMOG Emission Standard Value
Categor
egory All PCs, LDT1s LDT2s

2000 and subsequent TLEVsS 0.11 0.11
model year vehicles
certified to the optional | LEVS 0.06 0.06
150,000 mile“LEV II”
standards for PCs and ULEVs 0.03 0.03
LDTs SULEVs 0.0085 0.0085

This value was calculated based on the following assumptions. Staff estimated the benefit
attributable to vehicles that are certified to the optional standard to be approximately the
difference between the applicable 120,000 mile standard and the OBD |1 malfunction indicator
light threshold. Staff assumed that after a vehicle exceeds its 120,000 mile useful life, the on-
board diagnostic system would be the primary means of aerting the driver if emissions exceed 1.5
times the 120,000 mile-standard and that for vehicles certifying to the optional 150K standard, it
is expected the vehicle would still be at or below the 120,000 mile-standard even after exceeding
120,000 miles of operation in order to comply with the standards. Mathematically, the benefit of
avehicle that is certified to the optional standard relative to a vehicle that is not, is as follows:

NMOG benefit (ingrams) = (OBD Il threshold - 120,000 mile standard) x (30,000 miles)
=[(1.5 x 120,000 mile std.) - (120,000 mile std.)] x 30,000
= 0.5 x (120,000 mile std.) x 30,000

The above NMOG benefit that is accrued from extending compliance from 120,000 miles to
150,000 miles is then spread over the full useful life to determine the amount by which the 50,000
mile standard should be lowered to characterize a vehicle certified to the optional 150,000 mile
standard as follows:

Adjustment to the 50,000 mile standard = NMOG benefit (in grams) + 120,000 miles
=[0.5 x 120,000 mile std. x 30,000] + 120,000
= (120,000 mile std.) + 8

Using this approach, staff estimated the adjustment to the 50,000 mile standard for light-duty
TLEVSs, LEVsand ULEVs. In each case, the adjustment was greater than or equal to 0.15 times
the 50,000 mile standard. Therefore, staff is proposing that the adjustment for all vehicles
certifying to this optional standard be set at 0.15 times the 50,000 mile standard.
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Consequently, vehicles certifying to the optional 150K standard would be counted as being
certified to (in grams/mile):

50,000 mile std. - (0.15 x 50,000 mile std.)

0.85 x 50,000 mile standard

for the purpose of calculating the fleet average requirement. Choosing this option would result in
amanufacturer achieving alower NMOG fleet average, and thus provide an incentive to increase
the durability of the vehicle.

H NMOG credit for vehicles certified to the proposed zer o-fuel evaporative
emission standard. Vehicles certified to the proposed zero-fuel evaporative emission standard
would qualify to receive an NMOG credit (in g/mile) that could be applied towards demonstrating
compliance with the NMOG tailpipe emission standard. The NMOG credit was determined
relative to a baseline vehicle meeting the proposed reduced evaporative emission standard. Using
the EMFAC7G modd, the relative grams per test of fuel evaporative emission benefit was
converted into ag/mi value. The NMOG credit for a vehicle meeting the true zero-fuel
evaporative standard would be 0.006 grams/mile.

(9) Proposed medium-duty vehicle emission standards. Although the new LDT2
truck category would include the vast majority of light-duty trucks, there are some SUV's and
trucks that would fall into the new medium-duty category (e.g., Ford Excursion and some
Chevrolet Suburbans). In order to ensure about the same degree of stringency that is applied to
light-duty trucks under 8,500 Ibs. GVW, while still taking into account the potentially more
rigorous duty cycle of vehicles in the medium-duty category, staff is proposing new standards that
will be substantially equivalent in stringency to the light-truck standards but numerically higher.
(See Tablell-4 for alist of the proposed standards.) One of the reasons for the numerically
higher standardsis that light-duty trucks are tested with 300 Ibs. added to the vehicle curb weight
while medium-duty vehicles are tested with half their payload (usually about 1,000 to 1,500 Ibs.)
added to the vehicle curb weight. This adds stringency to the standard because the heavier test
weight makes it more difficult for the vehicle to comply. Another factor to consider is that there
arerelatively few vehiclesin this category (although the number of vehiclesisincreasing rapidly
this year) but there are awide variety of configurations. This adds cost to the vehicles because of
the numerous calibrations that manufacturers must adjust to reconfigure each test group.
Therefore, staff is proposing numerically higher emission standards that are ailmost equal in
stringency to the standards for light-duty trucks but remain cost-effective. The emission
standards being proposed are only applicable at 120,000 miles to harmonize with the standards
being proposed by U.S. EPA. See Section C. below for a discussion of the expected technologies
that would be used to meet these new standards.

(h) Updatesto the NMOG Test Procedures. The purpose of the modifications
being proposed to the NMOG Test Procedures is to update laboratory test procedures and
suggested operating parameters to provide more accurate and reliable data. A complete
description of the amendments is contained in Appendix H of this Staff Report.
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() In addition to the above, staff is proposing severa detailed technical amendments
to the standards. A complete description of these amendments is described in the appendices.
Some of the more pertinent proposed modifications include the following: Tier 1 standards will no
longer apply after the 2003 model year for LDV's and MDVs; the 50°F multiplier for SULEV's
would be 2.0 (the same as for LEVs and ULEVS); the SFTP standard for SULEV s will be the
same as for LEVsand ULEVs; and the cold temperature carbon monoxide standard for SULEV's
would aso be 10.0 g/mi.

3. Proposed Phase-In Requirements.

) Passenger Carsand Light-Duty Trucks. One of the most important
features of the current LEV Program is the ability of manufacturers to chose the standards to
which vehicles are certified as long as the emissions of their entire product line meet a fleet
average requirement. This provides flexibility to manufacturers because they can adapt their
phase-in to better fit their product development schedules, aslong as the fleet averageis at or
below the required levels. The current LEV | fleet average requirements decline through the
2003 model year after which they remain constant. Under LEV 11, the fleet average requirement
would continue to decline from 2004 through the 2010 model year. Although the vehicle
emission standards for LDT1sand LDT2s are identical, the two categories are not combined into
one fleet average requirement because the percentage ZEV requirement is based on the
production volume of PCsand LDT1s. Table 11-6 sets forth the proposed fleet average
requirements for passenger cars/light-duty trucks (LDT1) and light-duty trucks (LDT2).

Tablell-6

FLEET AVERAGE NMOG
EXHAUST MASSEMISSION REQUIREMENTSFOR
LIGHT-DUTY VEHICLE WEIGHT CLASSES
(50,000 mile Durability VVehicle Basis)

Model Year Fleet Average NMOG
(grams per mile)
All PCs; LDT1s LDT2s

2004 0.053 0.085
2005 0.049 0.076
2006 0.046 0.062
2007 0.043 0.055
2008 0.040 0.050
2009 0.038 0.047
2010+ 0.035 0.043
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The fleet average requirement for trucks in the new LDT2 truck category is dightly higher than
those for passenger carsin order to provide alonger phase-in period for ULEVsand SULEVs.
This would give manufacturers more time to adapt their most capable passenger car emission
control technology to trucks in the new category that must achieve greater emission reductions
because their emission levels are currently much higher than passenger cars. 1n addition, the truck
fleet average is higher because it does not include a ZEV requirement (the passenger car fleet
average requirement includes zero-emission vehicles, which automatically lowers a manufacturer’s
fleet average because they are counted as zero in the fleet average equation.)

Although manufacturers choose their own implementation schedule, the following isa
possible phase-in scenario that staff judged to be feasible in the 2004-2010 time frame (and was
used to develop the fleet average values).

Tablell-7
One Possible Per centage | mplementation Schedule for PCsand LDT1s
Model Year TLEV | LEV | ULEV | SULEV | ZEV
2004 2 48 35 5 10
2005 2 40 38 10 10
2006 2 35 41 12 10
2007 1 30 44 15 10
2008 1 25 44 20 10
2009 1 20 49 20 10
2010 1 15 49 25 10
Tablell-8
One Possible Per centage | mplementation Schedule for LDT2s
Model Year TLEV | LEV | ULEV | SULEV | ZEV
2004 19 81 0 0 0
2005 16 63 21 0 0
2006 8 48 38 6 0
2007 2 43 50 5 0
2008 1 35 54 10 0
2009 1 25 64 10 0
2010 1 20 64 15 0
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In order to provide the greatest flexibility possible, manufacturers would have the option of
certifying a portion of their fleet to the current LEV standards as well asto the LEV |l standards
prior to the 2007 model year as long as they meet or exceed a 25/50/75/100% phase in over four
years of the LEV Il standards. Manufacturers would also be allowed to accrue debits for these
first three years to allow them more flexibility in developing their product plans. By 2007,
however, the current LEV standards would no longer apply and all deficits would need to be
made up by the end of each model year.

(b) Medium-Duty Vehicles. The current regulations require that
manufacturers must produce 60% of their medium-duty fleet as LEV's and 40% as ULEV's by the
2004 model year. Staff is proposing that the percent requirements be amended to require 40%
LEVsand 60% ULEV s beginning in the 2004 model year. These percentages would apply to
medium-duty vehicles certified to either the LEV | standards or the LEV |1 standards depending
on a manufacturer’s production schedule; however, Tier 1 MDV's could no longer be certified
after the 2003 model year and the LEV | medium-duty LEVs and ULEV's could no longer be
certified after the 2006 model year. In addition, a manufacturer must certify at least a portion of
its fleet each year to the LEV |1 standards.

4. Partial ZEV Allowance Proposal to providethe flexibility to use multiple
qualifying technologies to meet ZEV requirements.

€)] Background. When ARB adopted the original LEV program in 1990, the ZEV
requirements were written to be technology neutral, that is, any technology could be used as long
asit had zero vehicle emissions. However, battery-powered electric vehicles were considered the
only technology available to meet the ZEV requirements in the near-term. In the eight years since
the original program was adopted, a plethora of new, advanced technologies have been
developed. Many of these technologies are capable of achieving extremely low levels of
emissions on the order of the power plant emissions that occur from charging battery-powered
electric vehicles, and some demonstrate other ZEV-like characteristics such as inherent durability
and partial zero-emission range.

As aresult of these new vehicle technologies, ARB staff is proposing additional flexibility
in the ZEV program to broaden the scope of vehicles that could qualify for meeting some portion
of the ZEV requirement. Manufacturers would decide which mix of vehiclesto use to meet the
10% ZEV requirement with the exception that large-volume manufacturers would have to meet at
least 40% of the requirement using true ZEV's. The applicable ZEV alowance for each vehicle
type would be determined based on a set of criteria designed to identify and reward ZEV-like
characteristics in avariety of advanced-technology vehicles. Revisionsto the 2003 and
subsequent model year 10% ZEV requirement will not, however, be considered in this
rulemaking.

ZEVsarethe” Gold Standard.” Battery-powered e ectric vehicles and other
ZEV s such as hydrogen fuel cell vehicles hold distinct air quality advantages over technologies
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that utilize a conventional fuel such as gasoline in a combustion engine. These advantages include
1) extremely low fuel-cycle emissionsin California and 2) inherent emission durability. High
volatility liquid fuels such as gasoline are responsible for significant fuel cycle emissions, i.e.,
emissions that occur upstream from the vehicle due to production, transportation, and vehicle
fueling. Vehicles with combustion engines inevitably will exhibit increased emission levels as the
vehicle ages. They are aso subject to becoming gross polluters if critical emission control
systemsfail in-use. Although new vehicles have more durable emission control systems and on-
board diagnostics systems that are effective in aerting owners to emission-related problems,
owners may not respond to failure signals promptly. California s inspection and maintenance
program will not capture vehicles that are operated without being registered and repair cost limits
may permit continued operation of some high-emitters. For these reasons, staff considers vehicles
that have no components with the potential to produce emissions, i.e. true ZEV's, to be the “gold
standard” of even the cleanest, most advanced new technologies.

California Needs ZEVs To Meet Long-Term Air Quality Goals. The commer-
cialization of ZEVsiscritical to the long-term success of California’s clean air program. Even
with the full implementation of the proposed LEV |1 program, emissions from light-duty vehicles
would still represent a significant portion of total emissions in the South Coast Air Basin.
Achieving the new air quality standards for particulate matter, not to mention the state ozone
standard, will require further reductions. Taking into account the anticipated growth in the num-
ber of light-duty vehicles and the number of miles they travel each day, it is clear that in order to
achieve these goals we need to essentially eliminate emissions related to vehicle deterioration and
fuel use from a significant portion of the light-duty vehicle fleet. ZEV's can accomplish this goal.

The ZEV Program has Resulted in Many Success Stories. The ZEV
requirements have been instrumental in promoting battery and vehicle research and devel opment.
Asaresult, awide variety of battery-powered electric vehicles are now available to fleets and the
genera public. No lessimportant, the program has aso been successful in spawning alarge
variety of extremely low-emission vehicle technologies, many of which may not have gained
significant attention without the ARB’s ZEV requirements. Many of these technologies have at
least some qualities inherent to ZEV's, such as extremely low emissions and extended durability,
partial all-electric range or the use of an inherently durable non-combustion engine. The ARB
staff believesit is good public policy to encourage these advanced technologies.

Tablell-9
Comparison of ZEVswith Advanced Technology Vehicles
Advanced Technologies with Extremely Low- Qualitiesin Common with ZEV's
Emission or Zero-Emission Capability
Gasoline SULEV Emissions comparable to EV-related power plant
emissions and extended durability
Compressed Natural Gas SULEV same as above plus very low fuel-cycle emissions
HEV with significant al-electric range partial zero-emission range
Methanol reformer fuel-cell vehicle extremely low emissions
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Advanced Technologies with Extremely Low- Qualitiesin Common with ZEV's
Emission or Zero-Emission Capability

Direct methanol fuel-cell vehicle! extremely low emissions
Stored hydrogen fuel-cell vehicle! ZEV
Battery-powered electric vehicle ZEV

Dueto their inherent efficiency of operation, fuel cell vehicles can also result in reduced emissions of
carbon dioxide, agreenhouse gas.

Benefits of the Proposal. Staff believes this modified approach to counting
vehicles toward the ZEV requirements would promote the continued development and
commercialization of high-performance battery-powered electric and zero-emitting fuel cell
vehicles while encouraging advanced technology vehicles with the potential for extremely low-
emission performance. Technologies that best accomplish ARB’s goa of achieving inherent
durability and essentially zero vehicle and fuel-related emissions would receive the highest ZEV
allowance. A manufacturer would be able to decide which mix of vehicles makes the most
technological and economic sense based on its own strengths in each area. Further, under this
proposal true ZEVs with at least 100 miles driving range would receive multiple ZEV credits to
ensure steady market introduction in the early years when battery costs will be high. Staff
believes this flexible approach would result in the commercialization of a broad range of new,
advanced technologies, all of which would be valuable in meeting California s air quality goals.
However, in order to ensure the continued development of zero-emission technologies, staff is
proposing that alarge-volume manufacturer be required to meet at least 40 percent of the ZEV
requirement with true ZEVs.

(b)  TheProposal. The processof calculating ZEV alowances for candidate vehicles
consists of assigning basic “allowances’ consisting of a baseline allowance, a zero-emisson VMT
allowance, and a low fuel-cycle emission allowance.

@ Baseline ZEV allowance requirements. In order for avehicleto receive
any ZEV allowance, a vehicle would need to satisfy the requirements for receiving the “baseline
ZEV dlowance.” To receive this allowance, the first requirement would be for the vehicle to at
least meet the SULEV standard (emissions from vehicles in this category are close to emissions
from powerplants associated with recharging eectric vehicles) at 150,000 miles and aso satisfy
applicable second generation on-board diagnostics requirements (OBD |1) and the zero-fuel
evaporative emission requirements proposed in this rulemaking (see part 111 of this staff report).

It isimportant to note that while the SULEV standard is a 120,000 mile requirement, vehicles that
qualify for ZEV credit would need to meet the SULEV standard for 150,000 miles. The vehicle
manufacturer would aso need to provide a 150,000 mile emission warranty such that all
malfunctions identified by the vehicle’s OBD Il system would be repaired under warranty for a
period of 15-years or 150,000 miles, whichever occursfirst. The ARB staff believes that these
conditions are necessary to ensure that vehicles receiving credit for near zero emissions are able to
maintain them throughout the life of the vehicle. Vehicles meeting the above requirements would
receive a 0.2 baseline ZEV alowance.
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2 Zero-emisson VMT allowance. An additional alowanceis provided
based on the potential for realizing zero-emission vehicle milestraveled (VMT) (e.g. capable of
some all-electric operation traceable to energy from off-vehicle charging), up to a maximum of
0.6. On the other hand if a vehicle does not have any zero-emission VMT potential but is
equipped with advanced ZEV componentry, then the vehicle may qualify to earn an additional 0.1
ZEV dlowance.

1) Allowance for vehicleswith significant zero-emisson VM T
potential. Many clean technologies, including some fuel-cell vehicles and hybrid electric vehicles,
have the potential for zero emissions associated with some portion of the VMT. Under this
proposal, such vehicles would receive a zero-emission VMT alowance, proportiona to the
estimated zero-emission VMT potential as a percent of total VMT which is the zero-emission
VMT factor. To receive this credit, a manufacturer would need to provide an estimate of the
likely zero-emission VMT potentia of their particular vehicle design based on actual in-use data,
an engineering evaluation of the vehicle' s operational strategy and any other relevant information
to validate the estimate. Upon review and approval of the manufacturer’ s estimate, this would be
used by the Executive Officer to further calculate a zero-emission VMT allowance based on the
following equation:

zero-emission VMT allowance = 0.6 x zero-emission VMT factor
The methodology to calculate the zero-emission VMT factor is described below.
Zero-emission VMT factor. For vehicles with significant city al-electric range

(AER) capability such as some hybrid electric vehicle designs and others, the zero-emisson VMT
potentia is estimated according to the following equation:

zero-emission VMT factor = 0.0 For city AER < 20 miles
(30 + (0.5 x city AER))/80  For 20<=city AER <=100 miles
1.0 For city AER > 100 miles

This equation is based on a 1990 Department of Transportation report showing cumulative VMT
as afunction of trip length for the Pacific northwest region, which includes California. For
vehicles with AER less than 20 miles, staff believes that there is a high likelihood that consumers
may not utilize the zero-emission VMT potential. For example, it may be too much trouble for
some consumersto “plug in” for very little zero-emission range. Consequently, they would not be
eigible to receive a zero-emisson VMT allowance.

Some manufacturers are developing parallel hybrid electric vehicle designs that deliver
improved fuel economy but do not have any significant all-electric range. Under this proposal,
such vehicles would not qualify for a zero-emisson VMT allowance because without wall re-
charging capability that provides significant al-electric range, such vehicles would not exhibit the
lowest emission characteristics. Consequently, such vehicles would not receive any zero-emission
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VMT alowance under this category, athough they could receive some allowance under a
provision explained in the next section.

In addition, vehicles eligible to receive credit under this category that are equipped with
software and/or other strategies allowing maximum realization of zero-emission VMT potential of
the vehicle by promoting off-vehicle charging may qualify for an additional allowance of 0.1. The
Executive Officer shall determine whether or not to approve the additional credit based on a
number of factors including whether the strategy is tamper-proof, effective, or other smilar
factors.

Some vehicles have potentia for zero-emissions for one regulated pollutant (e.g., NOx)
while having low-levels of emissions of other regulated compounds (e.g., NMOG). One such
vehicle could be an on-board methanol reformer fuel-cell vehicle. Thisvehicle has virtualy no
NOx emissions since the operational temperature of the reformer is typicaly lower than the
temperature required for NOx formation. Consequently, in order to credit such vehiclesfor zero-
emission capability of a specific pollutant, staff is proposing that this vehicle receive a zero-
emission VMT factor of 0.5.

(i)  Allowancefor vehiclesthat do not have any zero-emisson VM T
potential but are equipped with advanced ZEV componentry. Vehiclesthat do not have
significant zero-emission VMT potential but are equipped with advanced batteries, an electric
power-train, and other advanced ZEV technologies can qualify for a zero-emisson VMT
allowance of 0.1, subject to approva by the Executive Officer. This additional alowanceis
provided in recognition of the vehicle' s contribution to helping develop advanced batteries and
powertrains that assist in commercializing ZEV technologies. One such vehicle would be the
Toyota Prius, assuming it is designed to meet the SULEV standard. The Priusis equipped with a
limited number of advanced nickel metal hydride (NiMH) batteries and an advanced electric drive-
train.

(©)) L ow fuel-cycle emission allowance. Another characteristic that qualifies
avehicle to receive an additional ZEV alowance is the use of fuels with very low full fuel-cycle
emissions to propel the vehicle. Under this proposal, a vehicle that uses fuel(s) with very low
fuel-cycle emissions can receive a ZEV alowance up to amaximum of 0.2. The fuel-cycle
emissions associated with a particular fuel are the total emissions associated with the production,
marketing and distribution estimated as grams per unit of fuel. These emissions are then
converted into grams/mile by applying the fuel-economy estimate of the vehicle. In order to
receive this allowance, a manufacturer must demonstrate, using peer-reviewed studies or other
relevant information, and subject to approva by the Executive Officer, that marginal NMOG
emissions associated with the fuel used by the vehicle are lower than or equal to 0.010 grams per
mile. It should be noted that for the purpose of providing this alowance, fuel-cycle NOx
emissions are not considered in the determination since marginal NOx emissions for virtually all
fuels are uniformly very low. Fuel-cycle emissions must be calculated based on near-term
production methods and infrastructure assumptions. At thistime, it appears that only gaseous
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fuels could very likely qualify for this allowance. Some liquid fuels, for example methanol, may
also qualify with vehicle efficiency improvements and with the use of improved refueling
evaporative controls.

If more than one fuel is used to propel avehicle, then thisZEV alowance is awarded
based on the percent of total vehicle miles traveled using fuel(s) with low fuel-cycle emissions. To
illustrate, assume a hybrid electric vehicle with significant al-electric range uses off-vehicle
charging electrical energy to propel the vehicle for 70 percent of the total VMT and another fossil
fuel (e.g. gasoline) for the remaining 30 percent of the total VMT. In this case, only the off-
vehicle electrical energy use meets the low fuel-cycle emission requirement. Consequently, the
ZEV allowance awarded to this vehicle would be 70 percent of 0.2, which is equal to 0.14.

(c) Summary of the partial ZEV allowance. The partial ZEV alowance awarded to
a specific vehicle, then, is the sum of the allowances earned by the vehicle including the baseline,
zero-emission VMT and low fuel-cycle emissions. The following summarizes the allowance
proposal:
Tablell-10
Partial ZEV Allowance Proposal

Characteristic Pre-requisite or optional requirement? | ZEV allowance

Basdline alowance - Meets SULEV Pre-requisite for vehiclesto receive any 0.2

at 150K & 150K emission warranty allowance
Zero-emission VMT allowance ®@ Optional - qualifies vehicle for additional | (0.6 x zero-emission VMT
allowance factor)

Low fuel-cycle emission alowance Optional - qualifies vehicle for additional upto 0.2
allowance

Partial ZEV allowance | | Sum of the above

@ Additional allowance of 0.1 would be given to vehicles that employ strategies to maximize off-
vehicle charging under the zero-emission VMT alowance category, subject to the condition that allowance in
this category not exceed the maximum allowed value of 0.6.

@ Vehiclesthat do not qualify for any zero-emission VMT factor can receive an additional ZEV
allowance of 0.1 if those vehicles are equipped with advanced ZEV componentry such as advanced batteries,
electric powertrain and other non-emission technologies.

(d) Limitson partial ZEVstowards meeting the ZEV requirements.

Applicableto large-volume manufacturers. Staff proposes to require that 40%
of the ZEV requirement be met by true ZEV's and vehicles that receive aZEV allowance of 1.0.
Thiswould serve to ensure sufficient production volumes of advanced battery electric vehicles,
stored hydrogen fuel-cell vehicles or other non-emission vehicles that do not deteriorate.
Maintaining this production requirement can help ensure continued technical development and
pilot production process optimization and afford some economies of scale to help make these true
zero-emitting vehicles affordable and more competitive in the 2005 to 2010 time frame.
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Applicable to small and inter mediate volume manufacturers. Small and
intermediate volume manufacturers have indicated that it would be cost-prohibitive for them to
individually produce very low volume advanced technology true ZEV'sin the foreseeable future,
given the relatively small number of vehicles that would be required to meet 40% of the ZEV
requirement. Consequently, in order to address this concern, ARB proposes that intermediate
volume manufacturers be allowed to satisfy the 10% ZEV requirement using only partial ZEV
allowances, if they choose to do so.

(e) An additional incentive for ZEVs. In order to encourage manufacturers to
introduce zero-emission vehicles early and with relatively long driving range, which is one of the
most important characteristics to consumers, staff is proposing to provide an additional incentive
in the form of aZEV multiplier. Only true ZEVs or vehicles that receive a ZEV alowance of 1.0
would be eligible to use these multiple credits. The following table detail s the number of ZEV
credits as a function of range and model-year.

Tablell-11
Multiple ZEV Credits
All-electric range, miles | MY 1999-2000 MY 2001 -2002 MY 2003-2005 MY 2006-2007
100-175 6-10 4-6 2-4 1-2

Note: Valuesfor rangesin between 100 and 175 would be determined by linear interpolation between the
values shown in the above schedule.

ZEVsthat have arefueling time of less than 10 minutes (e.g. a stored hydrogen fuel cell vehicle)
and a minimum driving range of 100 miles per refueling would be counted as having unlimited all-
electric range and, consequently, would qualify to receive the maximum allowable ZEV credit for
that model-year.

H This proposal allows the flexibility to use mor e than one qualifying
technology to meet the ZEV requirements. Under this proposal, qualifying technologies
receive an alowance ranging from 0.2 ZEV credit to multiple ZEV credits depending on their
emission characteristics, use of advanced technologies to make vehicles that are more acceptable
to consumers and other factors. Staff believes this proposal would provide manufacturers the
flexibility to produce vehicles qualifying for ZEV credit that they envision would be most
successful in the market-place and would best meet consumer expectations.

Overadll, this proposal should alow considerable flexibility to manufacturers, incentivize

new near-term zero-emission technologies, and maintain the true ZEV development efforts --
eventually yielding more near zero emission reduction options than might otherwise be achieved.
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(9 Examples of the application of the proposal

Tablell-12
Examples of Partial ZEV Allowance Calculation
Technology/Manufacturer Baseline Zero-emission Low fue-cycle Partial ZEV
dlowance | VMT alowance | alowance allowance?®
Gasoline SULEV 0.2 0.0 0 0.2
Hybrid gasoline SULEV with no AER, 0.2 0.1 0 0.3
equipped with adv. batteries, electric
powertrain
CNG SULEV 0.2 0.0 0.2 0.4
Gasoline Hybrid SULEV w/ 20-mile 0.2 0.3 0.1 0.6
AER, off-veh. recharging
On-board methanol reform. Fuel Cell 0.2 0.3 0.2 0.7
(FC) vehicle
Hybrid SULEV with NIMH bat. (60 0.2 0.6 0.2 1.0
whr/kg) and 100-mile range.
On-board hydrogen FC vehicle w/ off- 0.2 0.6 0.2 1.0

board partial oxidation reforming of
hydrogen using fuel with low fudl-cycle
emiss.

1) Assumes on-board methanol reformer produces virtually no NOx emissions
2) Assumes methanol has very low fuel-cycle emissions

3) Partial ZEV allowance= Baseline allowance + Zero-emission VMT allowance + Low fuel-cycle alowance

5. Proposed Amendmentsto Hybrid Electric Vehicle (HEV) Test Procedures.

) HEV technology has progressed rapidly in recent years. When ARB first
adopted HEV test proceduresin 1993, HEV technology was mostly in the concept stage of
development. As such, the ARB procedures were limited in scope in terms of testing various

HEV designs due to the lack of available information. Today, as some automobile manufacturers

approach full scale HEV production, the current data available on HEV technology requires the
ARB to update the HEV test procedures

HEV technology combines awide variety of energy storage devices (e.g., batteries,

ultracapacitors and flywheels) with an equally diverse array of auxiliary power units (e.g., internal

combustion engine, fuel cells, gas turbines or sterling engine) so that the operating strategy for

managing vehicle operation can be very complex. However, the result is a vehicle that is capable

of very low emissions and higher fuel economy than its conventional gasoline or diesel

counterparts. HEV s are one of the more promising technologies expected to meet the proposed

SULEV emission standards.
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A typical HEV combines a battery pack and an electric motor(s) with an auxiliary power
unit (APU) that generates mechanical energy either to drive the wheels directly or to provide
electricity for the battery pack and/or motor(s). There are basically two pathways for the energy
to travel from the APU -- in series or parallel. With aseriesHEV, the APU supplies electricity to
the battery pack and/or to the electric motor(s) that in turn drives the wheels. The paralel HEV
has two independent propulsion systems where the wheels are either driven by the APU
mechanically or by the motor(s) when electricity is supplied by the battery pack. Although the
series and parallel classifications provide a genera description of HEV operation, this smplified
view is not adequate to describe the more sophisticated HEV designs that direct APU energy to
the wheels, battery pack, and motor(s) in varying degrees.

Merging electric vehicle technology with conventional automobiles allows an HEV to
operate as an electric vehicle at times while providing the driving range of a conventional vehicle.
An HEV can shut off the APU during certain driving Situations such as being stopped at atraffic
signal in order to reduce emissions and conserve fuel. Further energy savings can be gained
through regenerative braking that can recover energy while decelerating an HEV by using the
electric motor(s) to convert the kinetic energy of vehicle motion into electric energy for battery
storage. To maximize emission benefits, HEV's can be designed to allow battery charging from an
off-vehicle source to provide all-electric operation. During all-electric operation, the battery
pack, charged from an electric wall outlet, supplies al the energy to drive the HEV until the
battery state-of-charge is reduced to alevel that activates the APU. Most manufacturers,
however, are not designing HEV s with significant all-electric range because of the added weight
and cost of the battery pack. Indeed, alarge battery pack is not necessary for HEV's and most
tend to have smaller high power battery packs.

The task of evaluating and testing HEV s requires test procedures to be comprehensive and
sufficiently flexible to address a wide variety of HEV technologies, yet specific enough to
generate meaningful data. For the proposed HEV test procedures, staff focused on developing
provisions to allow conventiona driving cycles to be used for HEV testing, require normal hybrid
operation during testing, and minimize testing without compromising data. By using standard
driving cycles for HEV testing, conventiona vehicle emission standards would be applied for
HEV certification. Efforts were made to avoid artificial test conditions by operating the HEV
within its design parameters. An example of an undesirable test condition would be to force the
APU to operate during a driving situation when the APU would normally be shutoff. Findly, the
amount of testing that may be done on an HEV to test all possible modes of operation could
become excessive. Therefore, staff endeavored to measure emissions based on representative
HEV operation over a given test cycle.

The staff proposal provides modifications to standard vehicle certification tests.
Specifically, the Federal Test Procedure (FTP), the Highway Fuel Economy Test for measuring
oxides of nitrogen emissions, and the Supplemental Federal Test Procedure (SFTP) are being
modified to accommodate the diverse HEV operating strategies currently being devel oped by
industry. Modifications to these certification tests involve establishing protocols for vehicle
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preconditioning and setting initial HEV battery state-of-charge for emission testing, and
establishing criteriafor determining valid emission tests.

While test procedures were being devel oped, three HEV's from Mitsubishi were available
for evauation. One of these HEV s was equipped with a gasoline fueled APU and |lead-acid
batteries while the other two were equipped with a compressed natural gas APU and lithium-ion
batteries.

(b) Coordinating with the Society of Automotive Engineers (SAE) and U.S. EPA.
Staff has been meeting regularly with the SAE for information sharing and technical input. The
SAE committee devel oping hybrid test procedures consists of engineers from the automobile
industry and an environmental vehicle specialty company. This committee was formed several
years ago to establish a standard HEV protocol known as Recommended Practice J1711 that
measures both emissions and fuel economy. Other participants in this regular meeting include
staff from the National Renewable Energy Laboratory who lend their expertise in conducting
emission and fuel economy test modeling to evaluate test procedures. More recently staff from
the U.S. EPA have joined in the discussions providing a perspective from the federa level. SAE
has nearly completed J1711 and plans to send out a draft version of their procedures for review in
September, 1998.

The proposed ARB procedures share some of the requirements with J1711. For example,
atype of HEV that is capable of operating without wall charging is classified as a charge
sustaining HEV. Asthe classification implies, thisHEV type sustains the battery pack charge
indefinitely as long as the fuel supply for the APU is maintained. The J1711 and ARB common
test protocol would require that the HEV battery pack end the emission test with as much energy
content as when the emission test began in order to be an acceptable test. The objectiveisto
neither charge nor deplete the battery by the end of thetest. Thisis done to reflect the fact that in
real world driving, the battery pack would be equally charged and discharged on average and
result in no net change in battery pack energy level.

Some of the differences between J1711 and the ARB procedures are primarily driven by
the issue of fuel economy measurement. The ARB does not require fuel economy measurement
for certification so that the ARB procedures focus on measuring emissions produced by the
APU'’ s highest emitting normal operating mode. On the other hand, J1711 includes fuel economy
measurement as well as emission testing. To this end, J1711 requires that all driving modes
available to an HEV operator be tested and the results equally weighted.

The ARB procedures as well as J1711 rely on accurately measuring battery state-of-
charge (SOC) to determine valid emission testing. SOC, expressed in percent, represents the
amount of electrical energy available relative to the total energy capacity of the battery. To
determine battery SOC, battery voltage and current flow into and out of the battery must be
measured as a function of time. The accuracy of determining SOC may be difficult since transient
vehicle operation presents challenges in measuring the required electrical parameters. Although
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the ARB procedures rely on setting the initial SOC accurately for an emission test, staff believes
that in the controlled environment of atest facility, this requirement is not difficult to achieve.
Furthermore, once the initial SOC is set, the procedures would require that the net energy flow
experienced by the battery be determined and not the actual SOC. The test criterion for avalid
charge-sustaining HEV test would require that the battery experience no net change in battery
energy within atolerance at the end of the test, as discussed previoudly.

The U.S. EPA has recently begun investigating methods to test HEVs. Preliminary
discussions with EPA indicate that they are inclined to allow manufacturers to provide their own
test procedures for EPA approval. Although ARB has a provision for manufacturers to request
aternative HEV test procedures, ARB is proposing revisions to the current HEV procedures to
better reflect current hybrid technology. Staff intends to continue updating the test procedures as
new information has become available.

6. Proposed Amendmentsto Zero-Emission Vehicle Test Procedures. Staff is
proposing some modifications to the certification and testing requirements for ZEV's primarily to
incorporate suggestions to staff by industry regarding the test procedures. The proposed
modifications include the adoption of a ULEV emission standard for the fuel fired heater when
operating at ambient temperatures, the requirement to use asingle roll eectric dynamometer for
more representative test results, specifications for a battery break-in period to ensure uniform
testing and amendments to the driving schedules for the determination of all-electric range, and
finally an ARB-generated requirement to submit battery DC energy data during charge and
discharge events.

Amendments to the all-electric range test are aimed at facilitating electric vehicle (EV)
testing. The changes being made would reduce test time while continuing to provide accurate
results. Changes to the certification requirements for fuel-fired heaters would include a
requirement that the heater meet ULEV emission levels at FTP test temperatures of 68°F to 86°F
rather than meet SULEV emission levelstested at 40°F. Although the fuel-fired heater is not
expected to operate above 40°F, manufacturers expressed concern that testing at this low
temperature would be costly and time consuming. Sinceit is expected that the emission impact of
the fuel fired heaters will be minimal due to operation limited to cold weather conditions when the
potential for ozone formation is low, staff is proposing that the heater be tested at maximum
output between 68°F and 86°F at a level not to exceed the ULEV standard, which should still be
reasonably protective of air quality under heater operating conditions and would not require
additional cold test facilities.

Manufacturers certifying EVs would be required to submit test data on vehicle
performance and energy consumption that includes information on city and highway driving
range, AC wallplug recharge energy use, and battery pack energy capacity measurements.
Measurement of AC wallplug energy in AC kiloWatt-hours (AC kWhrs), combined with EV
driving range test results, provides an AC energy-per-mile figure of AC Watthours per mile (AC
Whr/mi). Thisinformation isimportant and is used by ARB to assess the air quality benefits of
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EV s based on powerplant emissions, as well as monitor technical progressin EV and battery
development, and promote the use of efficient EV technologies.

Although current certification of EV's only requires manufacturers to submit AC wallplug
energy use data during overnight charging, manufacturers are currently encouraged, but not
required, to also submit DC battery output energy data during battery discharge (city/highway
driving) and DC input energy data during overnight battery recharging. The new proposed
certification requirements would include submittal of DC energy input and output at the EV
battery pack. While AC energy can be directly used to determine ZEV emission levels, DC
energy datawould alow ARB to better understand and evaluate ZEV component performance
and battery deterioration characteristics and the excess energy consumption that would result.
Excessive battery, drivetrain or charger deterioration could result in significant AC energy usage
that could lead to higher power plant emissions. Including the DC energy datain the certification
application would provide areliable, complete database each year that could be accessed when
studying deterioration characteristics of in-use EVsyearslater. Because manufacturers are
aready providing thisinformation for HEV's, staff does not believe requiring similar information
for EV certification resultsin a significant hardship. Given the benefits that DC energy data offer
to evaluating EVsin-use, it isimportant that ARB receive this information consistently each year.

7. Proposed Amendmentsto California Smog Index Label. Smog indices were
adopted for light-duty vehiclesin 1995 to provide consumers with an indication of the relative
contribution of new light-duty vehicles to smog formation based on exhaust NMOG, NOx and
evaporative HC emissions from each vehicle. The smog index is calculated as follows:

exhaust NMOG (g/mi) + exhaust NOx (g/mi) + evaporative HC (g/mi)
SMOG INDEX = (new vehicle)
exhaust NMOG (g/mi) + exhaust NOx (g/mi) + evaporative HC (g/mi)
(basdline vehicle)

Beginning with the 1998 model-year, smog indices are displayed to the vehicle purchaser
on asmog index label affixed to the window of new cars and light-duty trucks, allowing vehicle
purchasers to more easily identify low-emitting passenger cars and light-duty trucks.

Staff is proposing to update the smog indices for 2000 and subsequent model -year
vehicles, incorporating new information and the changes to the LEV regulations that are currently
being proposed for 2004 and subsequent model-year vehicles. Staff is also proposing to update
the graphics and content of the smog index label shown in the “California Motor Vehicle Emission
Control and Smog Index Label Specifications’ (“Label Specifications’) to increase consumer
awareness and understanding of the label, and to add language clarifying the requirements of the
new label format. Finally, staff is proposing the addition of a “fleet average smog index” to the
label to provide the consumer with a comparison of a particular vehicle/model to the entire vehicle
fleet. A copy of the proposed Smog Index label is attached to this report. A detailed description
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of the proposed updates to the 2000 and subsequent model-year smog index calculations and
smog index label are presented in Appendix G.
(@ Summary of the Proposed Smog I ndices and Fleet Average Smog I ndices.

D The following smog indices would apply to 2000 through 2003 model-year
passenger cars and light-duty trucks O- 5750 Ibs. LVW:

Tablel1-13

2000 - 2003 M odel-Year Smog I ndices

2.0g/ diurnal +

hot soak test, Evap. Exempt Diesel Vehicle-

0.05g/mi - Evap. Exempt

running losstest,

at 100,000 miles

LEV |
Passenger Car/Light-Duty Truck 1 (0-3750 Ibs. LVW)
Tier 1 1.00 0.90 1.82
TLEV 0.83 0.73 0.73
LEV 0.48 0.38 0.38
ULEV 0.43 0.33 0.33
ZEV n'a 0.00 n'a
Light-Duty Truck 2 (3751-5750 Ibs. LVW)
Tier1 151 1.42 2.64
TLEV 1.29 1.19 1.19
LEV 0.79 0.69 0.69
ULEV 0.72 0.63 0.63
ZEV n'a n'a n'a
2 The following smog indices would apply to 2004 and subsequent model-

year passenger cars and light-duty trucks 0-8500 lbs. GVW:
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Tablell-14
2004 and subsequent M odel-Year Smog | ndices

Enhanced Evap. PCsand LDTs LDTs< 6,000 Ibs. L DTs6,001-8,500 Evap.
2.0g/ diurnal + 0.5¢g/ diurnal + GVW Ibs. GVW Exempt
hot soak test, hot soak test, 0.65 g/ diurnal + hot 0.90 ¢/ diurnal +
0.05g/mi - 0.05g/mi - soak test, 0.05g/mi - | hot soak test, 0.05
running loss runninglosstest, | runninglosstest,at | g/mi - runningloss
test, at 100,000 at 150,000 miles 150,000 miles test, at 150,000
miles miles
LEV I
Passenger Cars and Light-Duty Trucks (0-3750 Ibs. LVW)
TLEV 1.00 0.91 0.92 0.94 0.88
LEV 0.58 0.49 0.50 0.52 0.46
ULEV 0.52 0.43 0.44 0.46 0.40
ZEV n'a n'a n'a n'a 0.00
Light-Duty Truck s (3751-5750 Ibs. LVW)
TLEV 1.56 1.47 1.48 1.50 1.45
LEV 0.96 0.87 0.88 0.89 0.84
ULEV 0.87 0.79 0.79 0.81 0.76
ZEV n'a n'a n'a n/a 0.00
LEV I
Passenger Cars; Light-Duty Trucks (0-3750 Ibs. LVW); Light-Duty Trucks (3751 Ibs. LVW - 8500 Ibs. GVWR)
TLEV 1.00 0.91 0.92 0.94 0.88
LEV 0.33 0.24 0.25 0.26 0.21
ULEV 0.27 0.18 0.19 0.20 0.15
SULEV | 0.17 0.08 0.09 0.10 0.05
ZEV n‘a n‘a n'a n'a 0.00

3 The following fleet average smog indices would apply to 2000 through
2003 model -year passenger cars and light-duty trucks 0-5750 Ibs. LVW and 2004 and subsequent
model-year passenger cars and light-duty trucks 0-8500 Ibs. GVW:

Tablell-15
2000 and subsequent Model-Year Fleet Average Smog | ndices

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 and
subseguent

0.54 0.53 0.52 0.50 0.47 0.36 0.27 0.19 0.18 0.18 0.17

8. Non-M ethane Organic Gas Creditsfor Vehicles Utilizing Ozone Reduction
Technologies.

) Background. In March 1995, Engelhard Corporation, a magjor supplier of
catalysts to the automobile manufacturers, announced the development of a catalytic coating
(PremAir™) effective in reducing ambient ozone that could be applied to vehicle radiators.
Subsequently, Engelhard approached the ARB and requested consideration of NMOG credits for
vehicles using this technology. In addition, severa vehicle manufacturers have expressed an
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interest in obtaining NMOG credits by equipping their vehicle radiators with this catalyst coating.
Accordingly, staff has identified severa issues relevant to the analysis of the air quality benefits of
thistechnology. The relevant issues and aframework to provide the appropriate NMOG credits
to this technology are outlined below. Other direct ozone reducing technologies may be
developed in the future that may also qualify for NMOG credits. Staff proposes that NMOG
credits allotted to this technology be applied to manufacturers' vehicle emissions when certifying
to the applicable emission standards.

(b)  Air Quality Benefits of Ozone Reducing Technologies. The unique nature of
this technology presents a significant challenge to quantifying the air quality benefits attributable
to its use on motor vehicles. Two analysis methods have been suggested. One method is use of
an Airshed Model (AM), athree dimensional photochemical air quality grid model that predicts
0zone concentrations using time and space varying emissions, meteorology, photochemistry and
other parameters. Onroad emission data for input to the AM can be generated by models such as
DTIM2, which utilizes vehicle activity estimates from regional transportation models and emission
factors from either MOBILESa or EMFACTF. Inputsto DTIM2 include hourly estimates of
vehicle speed, hourly ambient temperatures, and mix of vehicle types. The AM can then be
modified to accept the volume of air swept by the vehicle fleet which, when combined with a
negative source term incorporating an ozone scavenging efficiency factor and cell volume,
calculates the hourly removal rate for ozone per cell. Air quality benefits for this technology
calculated by the AM would be updated as improved versions of the AM and models used to
generate input data are devel oped.

The second method, afederal test procedure (FTP) mass based approach, calculates the
ozone reduction from a vehicle equipped with the radiator catalyst coating over the FTP (the FTP
is the test procedure used to determine vehicle emission compliance with tailpipe standards). The
g/mi ozone reduced by the catalyst can then be converted to taillpipe FTP NMOG g/mi using the
specific reactivity of alow-emission vehicle for phase 2 gasoline. However, one vehicle
manufacturer has noted that grams of ozone reduced per mile traveled by PremAir™ depends on
the local concentration of ozone, a factor not addressed by this method. Accordingly, staff is
proposing that the AM method be used to determine equivalent NMOG benefits for this
technology.

Ozone Indicator Used to Calculate Ozone Reducing Technology Benefits.

Using the Urban Airshed Model (UAM), Systems Applications Internationa (SAl) has compared
the ozone reductions from treated radiators for the South Coast Air Basin (SCAB) fleet against
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the ozone reductions achieved by removing a select portion of the inventory for volatile organic
compounds. For calculation purposes, SAl assumed all vehiclesin the SCAB were treated with
this catalyst coating and used a single radiator size for the vehicle fleet. SAI then calculated the
per vehicle benefits on a high ozone episode day for a variety of indicators including areduction

in the 1 hour peak ozone, areduction in the SCAB 8 hour ozone peak, and the reduction in
population exposure to ozone. The estimated benefits ranged from an equivalent tailpipe VOC
reduction on the order of 0.01 g/mi for the change in the 1 hour peak ozone to a maximum on the
order of 0.02 g/mi for reductions in population ozone exposure.

It has been suggested that NMOG credits be derived from the benefits calculated from the
reductions in population exposure to ozone. As noted above, this would result in a maximum
value for NMOG credits for this technology. However, Cdiforniais required to meet a federa
peak ozone standard. Therefore, it seemslogical that the benefits for this technology be
calculated for reductions in the 1 hour peak ozone. Furthermore, the AM model runs should
include the 2010 inventory to assure that the ozone attainment plan would not be compromised.

Titration of Ozone by Vehicle Nitric Oxide (NO) Emissions. Vehicle emissions
of NO are readily reactive with ozone thereby reducing the amount of ambient ozone available for
treatment by coated radiators. A 1995 report outlining the results of atest program in the
Cincinnati area confirms this scavenging effect, demonstrating on average a 40% reduction in
roadway ozone concentrations compared to fixed site measurements. SAI has suggested that the
scavenging effect of vehicle NO is limited by a number of factors and in all cases may be no higher
than 30 ppb. The resolution of thisissueis non trivial and may not be fully resolved without a
lengthy test program. Therefore, until more definitive data are available, staff proposes that the
more conservative estimate from the Cincinnati study (40% reduction of ambient ozone
concentration) be used to adjust the ambient ozone concentrations used by the AM to calculate
NMOG credits.

(c) Other Issues Affecting Allocation of Vehicle Ozone Benefits. Whilethe AM is
being proposed as an appropriate mechanism to determine the quantify the air quality benefits of
this technology, severa factors unique to each vehicle model influence the amount of ozone
reduced per vehicle mile traveled. Therefore, manufacturers will need to submit data specific to
each vehicle model for which it seeks NMOG credits.

Airflow. The volume of ambient air processed by the direct ozone reduction
technology is another parameter critical to assessing the air quality benefits of this technology.
Manufacturers are generally designing their vehicles to optimize vehicle aerodynamics in order to
achieve fuel economy improvements. Consequently, on many vehicles, manufacturers are
reducing the volume of air flowing through the radiator to alevel sufficient for cooling purposes
only. In addition, the volume of air impacted by the direct ozone reduction technology may be
unique to each vehicle model depending on vehicle design. Accordingly, the airflow through the
direct ozone reduction technology for each vehicle model must be quantified in order to adjust the
benefit derived from the AM to determine the applicable NMOG credit.
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Durability. The affects of time, road grime, and weather on the direct ozone
reduction technology is unknown at thistime. Although some durability tests have been
conducted on the PremAirTM technology, more data are needed to quantify deterioration of the
ozone reducing efficiency in-use. Therefore, when certifying vehicles equipped with direct ozone
reduction technol ogies, the manufacturer should submit data quantifying deterioration of the
ozone reducing efficiency over the full useful life of the vehicle. This deterioration factor would
be used to adjust the benefit derived from the AM in determining the applicable NMOG credit.

OnBoard Diagnostics (OBD). Under this proposal direct ozone reducing
technol ogies would receive NMOG credits to offset tailpipe emissions which are subject to OBD
requirements. The OBD regulation requires monitoring of al emission control components to
assure the effectiveness of the LEV program in-use. Furthermore, while under this proposal
manufacturers would be required to replace the direct ozone reduction technology under
warranty, absent OBD, for failures occurring beyond the warranty period there would be no
assurance that the technology would be repaired. Accordingly, staff proposes that the
performance of this technology be monitored.

Maintenance and Warranty. For vehiclesreceiving an NMOG emission credit
for direct ozone reduction technol ogies, the manufacturer would be required to warrant
replacement of the direct ozone reduction device as required for other high price emission control
components, for 7 years or 70,000 miles, whichever first occurs. Direct ozone reduction
technologies on vehicles certifying to the 150,000 mile option availablein LEV 11 should be
warranted for eight years or 100,000 miles, whichever first occurs.

(d) NMOG Credit Proposal. Staff is proposing that an NMOG credit be allotted to
vehicles equipped with this technology that would be used to adjust vehicle tail pipe emissions
when certifying to emission standards. Accordingly, for vehicles equipped with this technology,
manufacturers would subtract the applicable NMOG credit from vehicle emissions when
determining compliance to the applicable emission standard. Outlined below is the proposed
method to determine NMOG credits for this technology.

NMOG Credits Calculated Using the AM. Using the AM to determine the air
quality benefits for the direct ozone reduction technology, the manufacturer would submit the
following data to receive NMOG credits for vehicles equipped with this technology.

1) A complete description of the parameters and assumptions used in the AM
to calculate the air quality benefits. The description must include justifications for the
parameter values and assumptions used in the AM. These parameters would include
vehicle radiator size, ozone reducing efficiency of the device at speeds encountered in the
model, percent ambient ozone suppression by vehicle NO emissions, airflow rate through
the device at the speeds encountered in the AM, and any other parameters germane to the
calculation of the air quality benefits.
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2) The airflow through the direct ozone reduction technology at the speeds
encountered in the AM for the vehicle model seeking NMOG credits.

3) Data demonstrating the average efficiency of the direct ozone reduction
technology over the speeds encountered in the AM for the vehicle model seeking NMOG
credits.

4) Data quantifying deterioration of the efficiency of the direct ozone
reduction technology over the full useful life of the vehicle. The data must include the
effects of time, mileage, and seasona changes on the technology and simulate exposure of
the technology to typical in-use conditions.

5) A description of the OBD system proposed for this technology. The
description should include the methodology used to determine efficiency of the direct
ozone reduction technology and the criteria used to illuminate the MIL.

For each vehicle model, the vehicle radiator size, the demonstrated efficiency of the direct ozone
reduction technology, and the airflow rate through the device would be used to adjust the NMOG
credit derived from the AM for each vehicle model.

C. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS

Since adoption of the Low-Emission Vehicle regulations in 1990, emission control
technologies have continued to evolve rapidly. In general, the emission control technologies on
today’ s low-emission vehicles are less complex and involve less new hardware than the staff’s
initial projectionsin 1990. Thisis because both emission performance and durability of some
familiar emission controls have significantly improved. In the early years of the LEV program
implementation, virtually all low-emission vehicles were certified to the less stringent TLEV
standard but as technologies improved and the fleet average decreased, the number of vehicles
certified to the LEV and ULEV standards has increased accordingly.

In the 1998 model year, TLEV's comprise 43% of the new light-duty vehicles; LEVs make
up 26% of new vehicles, and gasoline-powered ULEV s are now in the marketplace with the
introduction of the ULEV Honda Accord. The number of LEVsand ULEVswill continue to
increase in future model years as the fleet average decreases while TLEV s will commensurately
decrease in numbers. In meeting the stringent LEV and ULEV standards, new vehicles have not
generally required the use of new, sophisticated emission controls as some had predicted. Instead,
refinements of Tier | technologies that have been utilized for years are being employed. For
example, the ULEV Honda Accord utilizes more sophisticated fuel control so that it can reduce
hardware and complexity in other areas (e.g., only one underfloor catalyst is used; no close-
coupled catalyst is needed).

11-32



In December 1996, ARB staff provided its most recent update on the status of
implementation of the LEV | program. At that public meeting, staff concluded that the
technologies needed to comply with the current Low-Emission Vehicle program (with the most
emphasis on meeting the more stringent ULEV emission category) were available and being
utilized on many current vehicles. This conclusion was based on analyzing the emission controls
on TLEVsand LEVs, and information available on ULEV s at that time. Since that last program
update, staff’ s assessment has not changed significantly; in fact, the current technology projection
for ULEVsiseven simpler and less complex than the last update.

Many of the basic emission control approaches projected to be used on ULEV s have been
utilized on new vehicles for severa yearsto meet less stringent emission standards. The most
significant improvements have been to traditional catalysts, which now warm up very rapidly and
are substantially more durable than past technology, and to fuel control, which is much more
precise and accurate than previous systems. In the following section, the technologies projected
by ARB staff to be utilized on ULEV vehicles will be presented. This technology projection is
based on the “matured” technology expected of 2003 model year ULEVs. Many of these
technol ogies were described in the December 1996 status of implementation update and are
presented here again for information purposes. A basic tenet of the original LEV program is that
the vehicle technology and fuels must be linked to achieve the greatest emission reductions. This
remains the case, as there is a growing body of evidence demonstrating that low sulfur content
and other modifications to both gasoline and diesel, such as have been adopted in California
significantly improve the emission performance of low-emission vehicles. Manufacturers believe
that further reductionsin fuel sulfur would assist in meeting the proposed LEV Il emission
standards. Thisis especidly true for diesels, where it appears that sulfur, even at current levels,
poisons the catalysts and deteriorates exhaust gas recirculation systems that are both needed to
lower NOx emissions.

1. LEV | Emission Control Technology. While reducing emission levels of current
vehiclesis being achieved through various means, there are four basic aspects of current emission
control systems that vehicle manufacturers have been improving to achieve low-emission levels.
These are more precise fuel control, better fuel atomization and delivery, improved catalytic
converter performance and reduced base engine-out emission levels. The emission control
technologies being used for low-emission vehicles to comply with the LEV | program are listed in
TableI1-16. It isimportant to note that low-emission vehicles do not require the use of al of the
technologies. Thelist just provides the range of current low-emission technologies. The choices
and combinations of low-emission technologies ultimately utilized by vehicle manufacturers are
dependent on the engine-out emission levels of the vehicle, the effectiveness of the prior emission
control system, and individual manufacturer preferences.
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Tablel1-16

L ow-Emission Vehicle Technologies
Dual Oxygen Sensors Close-Coupled Catalysts
Universa Exhaust Gas Oxygen Sensors Engine Calibration Techniques
Individual Cylinder Air-Fuel Control L eak-Free Exhaust Systems
Adaptive Fuel Control Systems Increased Catalyst Loading
Electronic Throttle Control Systems Improved High-Temperature Washcoats
Abbreviated Engine Start Systems Electrically-Heated Catalysts
Reduced Combustion Chamber Crevice Volumes Electric Air Injection
Sequential Multi-Point Fuel Injection Full Electronic Exhaust Gas Recirculation
Air-Assisted Fuel Injectors Hydrocarbon Adsorber Systems
Heated Fud Injectors Engine Designs to Reduce Oil Consumption
Improved Induction Systems Heat-Optimized Exhaust Pipes

) Technologiesfor Improving Fuel Control

Dual Oxygen Sensors. Maintaining the air-fuel ratio (A/F) at stoichiometric
(where the amount of air isjust sufficient to completely combust all of the fuel) is an important
factor in achieving lowest engine emissions in three-way catalyst systems. In order for the
emission control system to operate most efficiently, the A/F must remain within a very narrow
range (less than 1% deviation) around stoichiometric. Modern vehicles have traditionally
performed fuel control with a single oxygen sensor (O2S) feedback system. While this fuel
control system is capable of maintaining the A/F with the required accuracy under steady-state
operating conditions, the system accuracy is challenged under rapidly changing throttle conditions
and is reduced as the sensor ages. Therefore, to improve fuel control and in-use emission
performance at high mileage, most low-emission vehicles incorporate improved control algorithms
combined with dual-oxygen sensors.

Since an O2S may not perform as accurately when it has aged, a second O2S placed
downstream of one or more catalysts in the exhaust system can be used to monitor and adjust for
deterioration of the front, primary sensor, thereby maintaining precise fuel control. Should the
front O2S, which operates in a higher temperature environment, begin to exhibit slow response or
drift in its calibration point, the secondary O2S is relied upon for modifying the fuel system
controls to compensate for these aging effects. By placing the second sensor further downstream
from the hot engine exhaust where it is also less susceptible to poisons, the rear sensor would not
be likely to age significantly over the life of the vehicle. In thisway, adua O2S system maintains
good fuel control -- and attendant low emissions -- as a vehicle ages. Because of their
effectiveness, most light-duty vehicles now utilize dual oxygen sensors for fuel control.
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Manufacturers have also elected to use dual oxygen sensors on al new vehicles to accomplish the
catalyst monitoring requirement of California’s On-Board Diagnostic |1 regulation.

Universal Exhaust Gas Oxygen Sensors (UEGOSs). Vehiclesthat employ lean
A/F control strategies (i.e., use less fuel than required to achieve a stoichiometric ratio) are
utilizing one or more UEGOs for fuel control in lieu of conventional oxygen sensors. Thisis
because conventional oxygen sensors cannot accurately measure A/Fs other than stoichiometric.
Conventiona oxygen sensors are "limit" switches in that they can only determine that the engine's
A/F is higher or lower than stoichiometric; they do not have the capability of recognizing specific
A/Fs. In contrast, UEGOs are capable of recognizing awide-range of A/F since the voltage
output of the UEGO is"linear" (i.e., each voltage value corresponds to a certain A/F). Therefore,
maintaining alean A/F is attainable with the use of UEGO sensors. Since operating lean of
stoichiometric during cold-start situations can assist the heating of the catalysts, some low-
emission vehicles incorporate these sensors. In addition to their capability of maintaining atight
lean A/F, some manufacturers claim UEGOs alow the fuel control system to maintain atighter
band around stoichiometric. In thisway, UEGOs assist vehicles in achieving very precise control
of the A/F. A small percentage of LEVswill rely on the use of UEGOs and it is projected that
some ULEVswill aswell.

Individual Cylinder A/F Control. In order to further improve fuel control, some
ULEVs utilize software algorithms to perform individual cylinder fuel control. While dua O2S
systems are capable of maintaining A/F ratios within a narrow range, some vehicle manufacturers
believe that even more precise control is needed for ULEV's and a couple have already developed
an individual cylinder control system. On most current vehicles, fuel control is modified whenever
the O2S determines that the combined A/F of al cylindersin the engine or engine bank is “too
far” from stoichiometric. The needed fuel modifications (i.e., inject more or less fuel) are then
applied to al cylinders simultaneoudly. Although this fuel control method will maintain the “bulk”
A/F for the entire engine or engine bank around stoichiometric, it would not be capable of
correcting for individua cylinder A/F deviations that can result from differences in manufacturing
tolerances, wear of injectors, or other factors. With individual cylinder fuel control, A/F variation
among cylinders will be diminished, thereby further improving the effectiveness of the emission
controls. By modeling the behavior of the exhaust gases in the exhaust manifold and using
software agorithms to predict individua cylinder A/F, afeedback fuel control system for
individual cylinders can be developed. Except for the replacement of the conventional front O2S
with a UEGO sensor and a more powerful engine control computer, no additional hardware is
needed in order to achieve individual cylinder fuel control. Software changes and the use of
mathematical models of exhaust gas mixing behavior are required to perform this operation.
UEGOs are currently being utilized by at least 2 vehicle manufacturers on 1998 model year
vehicles.

Adaptive Fuel Control Systems. In order to maintain good driveability,

responsive performance, and optimum emission control, fluctuations of the A/F must remain small
under all driving conditions including transient operation. Virtualy all current fuel systems
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incorporate an adaptive fuel control system that automatically adjusts the system for component
wear, varying environmental conditions, varying fuel composition, etc., to more closely maintain
proper fuel control under various operating conditions. For some fuel control systems today, this
adaptation process affects only steady-state operating conditions (i.e., constant or slowly
changing throttle conditions). However, most vehicles are now being introduced with adaptation
during "transient” conditions (e.g., rapidly changing throttle, purging of the evaporative system).

Accurate fuel control during transient driving conditions has traditionally been difficult
because of the inaccuracies in predicting the air and fuel flow under rapidly changing throttle
conditions. Because of air and fuel dynamics (fuel evaporation in the intake manifold and air flow
behavior) and the time delay between the air flow measurement and the injection of the calculated
fuel mass, temporarily lean A/F ratios can occur during transient driving conditions that can cause
engine hesitation, poor driveability and primarily an increase in NOx emissions. However, by
utilizing fuel and air mass modeling, vehicles with adaptive transient fuel control are more capable
of maintaining accurate, precise fuel control under al operating conditions. Virtualy al LEVs
and ULEVswill incorporate adaptive transient fuel control software.

Electronic Throttle Control (" Drive-By-Wire") Systems. As mentioned above,
the time delay between the air mass measurement and the calculated fuel delivery presents one of
the primary difficulties in maintaining accurate fuel control and good driveability during transient
driving conditions. For vehicles that utilize a conventional mechanical throttle control, quick
throttle openings can result in alean A/F spike in the combustion chamber. Although air and fuel
modeling algorithms can be devel oped to compensate for these time delay effects, some
manufacturers are choosing to incorporate electronic throttle control to better synchronize the air
and fuel flow to achieve proper fueling during transients (e.g., the driver moves the throttle, but
the fuel delivery is momentarily delayed to match the inertial lag of the increased airflow). An
increasing number of vehicles are expected to utilize this technology in the next few years.

(b)  Technologiesfor Improving Fuel Atomization and Delivery

Sequential Multi-point Fuel Injection. Unlike conventional multi-point fuel
injection systems that deliver fuel continuoudly or to paired injectors at the same time, sequential
fuel injection can deliver fuel precisely when needed by each cylinder. With less than optimum
fuel injection timing, fuel puddling and intake manifold wall wetting can occur, both of which
hinder complete combustion. Use of sequential fuel injection systems help especialy in reducing
cold start emissions when fuel puddling and wall wetting are more likely to occur and emissions
are highest. Because of the emission reductions and other performance benefits "timed" fuel
injection offers, sequential fuel injection systems are now used on virtualy all light-duty vehicles.

Air-Assisted Fuel Injectors. In addition to maintaining a stoichiometric A/F, it is
important that a homogeneous air-fuel mixture is delivered at the proper time and that the mixture
isfinely atomized to provide the best combustion characteristics and lowest emissions. Poorly
prepared air-fuel mixtures, especially after a cold-start and during the warm up phase of the
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engine, show significantly higher emissions of unburned hydrocarbons since combustion of the
mixture isless complete. To further encourage a homogeneous mixture, air-assisted fuel injectors
are being used. By providing better fuel atomization, more efficient combustion can be attained
which should aid in improving fuel economy and reducing emissions. Since achieving good fuel
atomization is difficult when the air flow into the engineis low, air-assisted fuel injection can be
particularly beneficial in reducing emissions at low engine speeds. This technique improvesidle
smoothness, thereby permitting a lower engine idle speed and reduced fuel consumption. Further,
industry studies have shown that the short burst of additional fuel needed for responsive, smooth
transient maneuvers can be reduced significantly with air-assisted fuel injection due to a decrease
in wall wetting in the intake manifold. Several manufacturers currently utilize these systems on
some of their vehicles. ARB projects that about 50 percent of LEVs and ULEVswill eventualy
utilize air-assisted fuel injection.

Heated Fud Injectors. Asan aternative or complement to air-assisted injectors,
some manufacturers may utilize heated fuel injectors to improve fuel vaporization/atomization.
These injectors improve fuel atomization by providing heat to the fuel right before it is injected
into the combustion chamber. This added heat combined with high pressure fuel injection
atomizes the fuel mixture as it enters the combustion chamber, thereby yielding more complete
combustion of the air-fuel mixture.

Improved Induction Systems. Vehicle manufacturers are also incorporating
improvements to the air induction system to enhance air-fuel mixing. Through the use of
technologies such as variable intake systems and variable valve timing, the amount of swirl,
turbulence, and velocity of the intake charge can be increased, especially during cold-start and low
load operating conditions where sufficient swirl and turbulence tend to be lacking. By providing a
strong swirl formation in the combustion chamber, the air-fuel mixture can mix sufficiently;
smooth, complete combustion can be achieved, thereby reducing emissions. All LEVS and
ULEVs are projected to incorporate improved air induction systems.

(©) Technologiesfor Improving Catalyst Performance

Close-Coupled and Underfloor Catalysts. Three-way catalytic converters
traditionaly utilize rhodium and platinum as the catalytic material to control the emissions of all
three mgjor pollutants (hydrocarbons (HC), CO, NOx). Although this type of catalyst is very
effective at converting exhaust pollutants, rhodium, which is primarily used to convert NOx, tends
to thermally deteriorate at temperatures significantly lower than platinum. Recent advancesin
palladium and tri-metal (i.e., palladium-platinum-rhodium) catalyst technology, however, have
improved both the light-off performance (light-off is defined as the catalyst bed temperature
where pollutant conversion reaches 50% efficiency) and high temperature durability over previous
catalysts. In addition, other refinements to catalyst technology such as higher cell density
substrates and adding a second layer of catalyst washcoat to the substrate (dual-layered
washcoats) have further improved catalyst performance from just a year ago.
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Typica cell densities for conventiona catalysts are 400 cells per square inch (cpsi).
However, some vehicles available today use 600 cps catalyst substrates. If catalyst volumeis
maintained at the same level, using a 600 cpsi catalyst versus a 400 cps catalyst effectively
increases the amount of surface areafor reacting with pollutants. Catalyst manufacturers have
been able to increase cell density without increasing thermal mass (and detrimentally affecting
catalyst light-off) by utilizing thinner walls between each cell.

Double layer technologies allow optimization of each individual precious metal used in the
washcoat. Thistechnology can provide reduction of undesired metal-metal and/or metal-base
oxide interactions while allowing desirable interactions. Industry studies have shown that
durability and pollutant conversion efficiencies are enhanced with double layer washcoats. These
recent improvements in catalysts are perhaps the most significant development that enable
manufacturers to meet the LEV and ULEV standards at relatively low cost.

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 engine is still required
for better emission performance, these improved catalysts would be more capable of surviving the
higher temperature environment without deteriorating. Currently, many vehicles aready utilize
close-coupled catalysts. In the future, increasing numbers of vehicles are expected to utilize this
technology as the emission standards become more stringent since close-coupling the catalysts to
the engine can provide more heat, allowing them to become effective quickly.

Because of the improved performance of three-way cataysts, virtualy all light-duty
vehicles are expected to continue using this technology without the need for other aftertreatment
devices such as electrically-heated catalysts (EHCs).

Heat-Optimized Exhaust Pipe. Improving insulation of the exhaust systemis
another method of furnishing heat to the catalyst. Similar to close-coupled catalysts, the principle
behind insulating the exhaust system isto conserve the heat generated in the engine for aiding
catalyst warm-up. Through the use of laminated thin-wall exhaust pipes, less heat will belost in
the exhaust system, enabling quicker catalyst light-off. As an added benefit, the use of insulated
exhaust pipes will aso reduce exhaust noise. Increasing numbers of manufacturers are expected
to utilize air-gap exhaust manifolds (i.e., manifolds with metal inner and outer walls and an
insulating layer of air sandwiched between them) for further heat conservation.

Engine Calibration Techniques. Besides the hardware modifications described
above, low-emission vehicles aso utilize engine calibration changes such as a brief period of
substantial ignition retard, increased cold idling speed, and leaner air-fuel mixtures to quickly
provide heat to a catalyst after cold-starts. Since only software modifications are required, engine
calibration modifications provide manufacturers with an inexpensive method to quickly achieve
light-off of catalytic converters. When combined with close-coupled catalysts and the other heat
conservation techniques described above, engine calibration techniques can be quite effective at
providing the required heat to the catalyst for achieving ULEV emission levels without auxiliary

11-38



heating devices such as EHCs. Merely two years ago, the ARB projected that all ULEVs and
some LEVswould require the use of EHCs to meet the requirements, but it now appears that
nearly al vehicles will be able to achieve ULEV emission levels without requiring the assistance of
an EHC. Heat producing engine calibrations such as described above are aready in production
and are projected to be incorporated on all low-emission vehicles.

L eak-Free Exhaust System. Improving exhaust systemsto be leak-free also
reduces emission levels. Air leaks in the exhaust system can cause an oxidation environment in
the three-way catalyst at low speeds that would lead to an increase in NOx emissions. Also,
should air leaks occur upstream or near the oxygen sensors, fuel control could be erratic and/or
overly rich in response to the leaking unmetered air. This would not only affect driveability but
also would increase emission levels. Because of their emission benefits, vehicle manufacturers
will continue incorporating leak-free exhaust systems as the emission standards become more
stringent.

The system typically consists of an improved exhaust manifold/exhaust pipe interface plus
acorrosion-free flexible coupling inserted between the exhaust manifold flange and the catalyst to
reduce stress and the tendency for leakage to occur at thisjoint. This system is aready
incorporated on many vehicles. Use of thistype of system, assuming use of corrosion-free stedl,
can also reduce warranty costs due to customer complaints of noise from leaking joints. Further,
improvement in the welding process for catalytic converter canning would assure less air leakage
into the converter and provide reduced emissions. Virtualy al low-emission vehicles will
incorporate |eak-free exhaust systems.

Electrically-Heated Catalysts. While the techniques described above will allow
more heat to be provided quickly to the catalyst, some larger vehicles or those with tightly
packaged engine compartments that require catalysts be placed underfloor may need additional
help from auxiliary heating devices to achieve ULEV emission levels. Various strategies have
been proposed to provide additional heat to the catalyst such as electrically-heated catalysts,
exhaust gas burners, and energy storage devices. Of all these strategies, the electrically-heated
catalyst has received the most attention since the technology has been shown to be feasible, cost-
effective, and is ready to be introduced commercially.

In the early years of EHC development, there was concern that the electrical energy and
power requirements needed to provide the heat energy necessary for ULEV emissions would
require major upgrades to a vehicle' s eectrical system, including alternator upgrades, a separate
dedicated battery to power the EHC and other electrical improvements. Recent advancementsin
EHC designs, however, have substantially reduced this concern. Most vehicles that utilize EHC
systems will likely power the EHC directly from the aternator, or solely from the vehicle's
battery, or from a combination of power from the vehicle battery and aternator.

Electric Air Injection. Although many ULEV s are expected to operate lean of
stoichiometric or near stoichiometric after a cold-start, there will be some vehicle applications
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where this will not be possible because of driveability concerns. For these vehicles, a brief period
of cold operation with arich A/F mixture will be necessary. Although operating with arich A/F
mixture provides more stable combustion and better driveability when the engineis cold, it would
also increase emissions of unburned HC and CO out of the engine. In order to control these
emissions, vehicles that incorporate arich cold-start fueling strategy are expected to include an
electric air injection system to inject air upstream of the three-way catalyst so that a stoichiometric
A/F ratio at the catalyst can be achieved for optimum emission performance. To further enhance
quick catalyst light-off, ignition retard is being utilized with electric air injection to provide
additional heat to the catalyst.

The use of air injection aso appears likely on some EHC-equipped vehicles. With EHC
systems, substantial reductionsin HC and CO emissions can be achieved with air injection because
the EHC can reach light-off temperature in about 3 seconds after starting the engine. Since NOx
emissions are not a problem with a cold engine, the excess air that air injection provides should
not significantly increase these emissions.

Unlike previous air injection systems that are powered by pumps driven by the engine,
future air injection pumps will be electrically powered. Advantages of using electric air pumps
include higher overall efficiencies, lower costs, increased reliability, and the ability to be turned off
when not needed.

Hydrocarbon Adsorber Systems. If the limiting factor for a vehicle to comply
with the low-emission vehicle requirements is the control of HC, one possible solution could be
HC adsorber systems. There have been several different types of HC adsorber systems proposed
for use in motor vehicles over the past several years. Some of these systems are very complex
with multiple valves, pipes, and heat exchangers while some are smpler in design and do not
utilize any valves or other moving parts. Nonetheless, these systems all operate on the same
principle. They are designed to trap the HC while the catalyst is cold and unable to convert the
HC by utilizing an adsorbing material that holds onto the hydrocarbons. Once the catalyst is
warmed up, the trapped HC are released from the absorption material and directed to the fully
functioning downstream three-way catalyst. While this principle sounds smple, the technical
solution is not uncomplicated, because the adsorption and desorption of the HC need to be timed
correctly to prevent premature release of the unburned HC (i.e., the HC must be released only
after the catalyst has warmed-up). Staff has been informed by some manufacturers that HC
adsorbers may be used on some LEVs and ULEV s that have severe underhood space constraints.
One HC adsorber system has recently received tentative approval for incorporation of an adequate
monitoring strategy for meeting On-Board Diagnostics |1 requirements.

(d)  Technologiesto Reduce Engine-out Emission Levels
Reduced Crevice Volumes. Emission performance is also being improved by

reducing crevice volumes in the combustion chamber. Unburned fuel can be trapped momentarily
in crevice volumes before being subsequently released. Since trapped and re-released fuel can
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increase engine-out emissions, the elimination of crevice volumes would be beneficia to emission
performance. To reduce crevice volumes, vehicle manufacturers are designing engines to include
pistons with reduced top "land heights” (the distance between the top of the piston and the first
ring). Although reducing the top land height could reduce the durability of the piston, improved
design and materias allow moving the ring higher on the piston.

Reduced Oil Consumption. Lubrication oil which leaks into the combustion
chamber aso has a detrimental effect on emission performance since the heavier hydrocarbonsin
oil do not oxidize as readily as those in gasoline and some components in lubricating oil may tend
to poison the catalyst and reduce its effectiveness. Also, oil in the combustion chamber may trap
HC and later release them unburned. To reduce oil consumption, vehicle manufacturers are
tightening the tolerances and improving the surface finish on cylinders and pistons, improving
piston ring design and materials, and improving exhaust valve stem seals to prevent excessive
leakage of lubricating oil into the combustion chamber. Virtualy al low-emission vehicles with
newly redesigned engines also incorporate features to reduce oil consumption.

Electronic Exhaust Gas Recirculation (EGR). One of the most effective
emission controls for reducing NOx emissions is exhaust gas recirculation. By recirculating spent
exhaust gases into the intake manifold to reenter the engine, peak combustion temperatures are
lowered and NOx emissions are thus reduced.

Many EGR systems in today’ s vehicles utilize a control valve that requires vacuum from
the intake manifold to regulate the EGR flow rate. Under part-throttle operation 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 open the EGR vave. While EGR operation only
during part-throttle driving conditions has been sufficient to control NOx emissions for most
vehiclesin the past, the more stringent NOx standards for LEVs and ULEV's and emphasis on
controlling off-cycle emission levels may require more precise EGR control and additional EGR
during heavy throttle operation to reduce NOx emissions. Vehicle manufacturers are increasingly
using electronic EGR valve actuators in order to provide more precisely-controlled EGR rates for
low emission levels. Therefore, use of these electronic systems allow engines to receive the
optimal amount of EGR for all driving conditions.

Abbreviated Engine Start Systems. During the brief engine starting period, high
amounts of HC are emitted due to incomplete combustion of the air/fuel mixture as the engine
transitions from the low engine cranking speed to the running idle speed. To reduce this period of
high HC emissions, some manufacturers are investigating high torque starter systems that can spin
the engine at approximately 500 rpm for quicker starts. Manufacturers are investigating
combining the alternator with the starter to achieve this high level of starting performance. The
system isintegrated with the engine flywheel/torque converter, and may require use of a separate
32 volt or higher battery. With the combined starter/alternator, the alternator pulley and brackets
could be eliminated, thereby offsetting some of the increased cost of the system. In addition to
reduced emissions, there are other benefits that can be gained from this system. Since electrically
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powered components are more efficient than those driven by pulleys or hydraulics, fuel economy
should improve by converting to electric pumps, power steering and air conditioning compressors
that could be operated by this high capacity system.

2. Projected LEV Il Technologies (PCsand Trucks < 8500 Ibs.) As described
earlier, the proposal for LEV Il would require significant NOx reductions not only for vehiclesin
the current light-duty vehicle category but also would include trucks and SUV's up to 8500 Ibs.
GVW. In addition, athough NMOG and CO emission standards would remain at the same LEV |
levels for current light-duty vehicles, the under 8500 Ibs. GVW trucks and SUV's would require
more significant reductions of these emissions to comply with the proposed LEV 1 requirements.
To meet these new requirements, staff believes that additional refinements to mature LEV |
technology will allow the majority of cars and trucks to comply with LEV Il standards. Inthe
following section, LEV 1l technologies that would be incremental to the LEV | technologies
described earlier will be discussed in more detail. Similar to the step needed to improve Tier |
vehiclesto LEV | levels, the primary means for additiona reductions will rely on improvements to
aftertreatment, fuel control and delivery, and engine-out emissions.

@ Increased Catalyst Volume and Substrate Cell Density. As mentioned in the
previous section, increasing catalyst volume and substrate cell density can significantly improve
catalyst performance. Typica LEV | (LEV and ULEV) passenger cars currently have catalyst
volume/engine displacement ratios of about 0.7 to over 1.0 while many trucks have ratios of 0.6
or less. In order to comply with the new combined LEV |1 standards, most vehicles will likely
need catalyst volumes greater than the displacement of their engines. During the 2003-2004
timeframe it is projected that all cars and trucks subject to the LEV 1l requirements will typically
utilize 600 cps catalyst substrates for good pollutant conversion efficiencies especialy in close-
coupled locations. Since these higher cell density substrates effectively provide more surface area
for pollutant conversion, catalyst volumes may not need to be increased as much as with
conventional substratesto achieve LEV Il levels. Industry papers also indicate that work on
substrates with cell densities as high as 900 cpsi is now being conducted with promising results.
On vehicles with large underfloor catalysts, however, industry technica papers have indicated that
the effectiveness of high cell density substrates are not as significant. This behavior may be due to
the high pressure drop across the catalyst.

(b) Increased Catalyst L oading and Improved Washcoats. In addition to
increasing catalyst volume and cell density, staff projects that increased catalyst loading and
improved catalyst washcoats will also be needed to achieve LEV 11 emission levels. In generdl,
increased noble metal loading (up to a certain point) will reduce exhaust emissions because it
increases the opportunities for pollutants to be converted to harmless constituents. Typical
catalyst loading on current LEV's and ULEV's range from less than 50 g/ft* to as high as 300 g/ft>.
To achieve LEV I levels, staff believes that catalysts will be loaded to the 100 - 300 g/ft® range.
Precious metal loading will be dependent upon the precious metals used and other catalyst design
parameters (e.g., warm-up catalysts tend to have higher loadings than underfloor catalystsin
multi-catalyst systems). A recent development that staff believesis very promising are

11-42



paladium/rhodium catalysts. Since rhodium is very efficient at converting NOX, catalyst suppliers
have been investigating increasing the amount of rhodium in catalysts for improved NOx
conversion.

Palladium/rhodium catalysts have been installed on some ARB test vehicles and are being
evaluated now. Initidl ARB 50,000 mile aging performance results on these vehicles have been
promising. While at least one vehicle manufacturer has stated that palladium/rhodium catalysts
are thermally more sensitive than other catalyst technologies (i.e., palladium-only) and would
deteriorate more noticeably with mileage, staff believes that based on discussions with some
suppliers and our own test results, improved washcoat designs (e.g., double-layer washcoats) will
reduce thermal deterioration on these catalysts.

Thus, washcoat design will be very important for achieving and maintaining LEV 11
emission levels. New washcoat formulations are now thermally stable up to 1050 °C. Thisisa
significant improvement from conventional washcoats, which are stable only up to about 900 °C.
Thisimproved resistance to high temperature degradation should allow close-coupled catalysts to
maintain their emission performance even under severe driving conditions. Continued work on
improving catalyst performance will likely result in even better thermal durability and emission
performance in the near future.

(©) Improved Catalyst Light-off with Secondary Air Injection (SAl) and
Retarded Spark Timing. It iswell established that a warmed-up catalyst is very effective at
converting exhaust pollutants. Recent tests on advanced catalyst systems have shown that over
90% of emissions during the Federal Test Procedure (FTP) are now emitted during the first two
minutes of testing after engine start up. Although improvementsin catalyst technology have
helped reduce catalyst light-off times, additional help may be needed to achieve LEV Il emission
levels. There are several methods to provide additional heat to the catalyst many of which have
already been described in the previous section such as EHCs, and ignition retard with or without
electric air injection. It is projected that al LEV Il vehicleswill utilize ignition retard and that
many also include electric air injection.

3. Medium-Duty Vehicles (8,500 - 14,000 Ibs. GVW). Under the proposed LEV
Il exhaust emission standards, auto manufacturers are also required to substantially reduce
emissions from medium-duty-vehicles (MDVs). Of the two categories remaining in this class of
vehicles using the new classification, vehicles with 8,501 - 10,000 lbs. GVW are the focusin this
technical assessment for MDVs. Currently there are no MDVsin the 10,001 - 14,000 lbs. GVW
category that are chassis certified, and few are expected in the future. However, any such
vehicles would likely employ much of the technology of the 8,5001 - 10,000 l|bs. GVW category.
Currently, to meet the existing emission standards for this category of vehicles, manufacturers are
essentially using many of the same emission control technologies they are employing on their
LDVs. These technologiesinclude dual heated oxygen sensors, sequential multi-point fuel
injection, exhaust gas recirculation, three way-catalysts, and in some cases secondary air injection
as shown in the following table. However, a more extensive use of available technologies would
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likely be needed to comply with the proposed LEV |1 requirements. A brief description of the
staff’ s projection of the technologies for MDV's is described below.

(@ Catalyst system changes. In order to achieve the emission reductions
caled for in LEV |I, manufacturers would likely rely on improvements in existing emission
control technologies and placement of the catalysts closer to the engine. Vehiclesin this class
utilize mostly V-8 engines with dual exhaust banks. 1n some vehicles, the two banks are joined
with a“Y” pipe and only asingle underfloor catalytic converter isused. On vehicles with dual
exhaust systems, one underfloor catalytic converter is used for each bank. Furthermore, some
vehicles also employ warm-up catalysts. To meet the LEV 11 requirements, manufacturers would
likely still utilize underfloor catalytic converters, however, the location of the converter would
likely be moved closer to the engine to reduce light-off time. In addition, dual palladium-only
warm-up catalysts (also known as “pipe catalysts’) using ceramic or metallic substrates may be
added to further improve emission performance. Although, metallic substrates are usually more
expensive than ceramic substrates, some believe they may require less precious metal loading than
ceramic substrates due to the reduced light-off times they provide. In addition, manufacturers are
expected to use advanced catalyst formulations with improved washcoat technologies and higher
precious metal loadings. These advanced catalysts (though not necessarily the pipe catalyst,
which would likely be palladium-only catalysts) would utilize washcoats in which separate layers
are applied on the substrate for each precious metal. Thistype of layered design provides an
opportunity to tailor the washcoats for optimum performance of each precious metal. This double
layer technology aso improves the aging stability of the converters, especialy in the case of
palladium-rhodium cataysts.

(b) Other emission control system improvements. Further reductionsin
exhaust emissions can be achieved by lowering engine out emissions and utilizing improved fuel
preparation and delivery. Most EGR systems used in current MDV's are already electronically
controlled. Since reduction of NOx emissionsis the primary target under the LEV 1
requirements, further refinements of the EGR control algorithms may be needed. Staff anticipates
that electronic EGR will be utilized on all vehiclesin this category. Manufacturers may also adopt
changes in engine calibrations that provide ignition timing retard and higher idle speeds during
cold start in order to supply more heat to the catalyst for quicker light-off timesto further reduce
HC and NOx emissions.

4. LEV Il Technical Feasibility Evaluation Program. ARB isconducting two
test programs to evaluate the feasibility of lower NOx standards - one for trucks and the other for
passenger cars. Both test programs rely primarily on installing advanced catalyst systems, many
of which are bench aged to 50,000 miles, on test vehicles to achieve lower emission levels.
However, aterations to calibrations of EGR, ignition timing, secondary air injection, or fuel
control have been incorporated on some of the vehicles. Although staff is estimating the emission
reduction capability and durability of advanced cataysts through this effort, our limited accessto
modifying fuel and spark timing strategies or to alter other engine systems restricts our ability to
achieve what expert automotive engineers can achieve given their comparatively enormous
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resources and experience plus another 5 to 7 years of development time. Staff also expects
catalysts to continue to improve beyond today’ s impressive performance. All of these factors,
plus consideration of vehicle and emission measurement variability and other issues were
considered in proposing these final emission standards. Each of the test programsis discussed in
more detail below.

) Passenger Car Test Program. Five recent model-year gasoline vehicles
are being evaluated for LEV Il program emission capability. Each of the five test vehicles was
tested for baseline emissions at approximately 4000 miles before any modifications to the vehicle's
emission controls were made. The average emissions from these FTP tests are listed in Table I1-
17.

Tablell-17

Average FTP emissions of OEM test vehicle at approximately 4000 miles.
Test Vehicle NMHC (g/mi) CO (g/mi) NOXx (g/mi)
1997 Mercury Sable 0.035 0.9 0.072

1998 Mercury Grand Marquis 0.048 0.6 0.014

1998 Nissan Altima 0.031 0.7 0.040

1998 Toyota Avalon 0.044 0.4 0.111

1998 Honda Accord EX 0.025 0.3 0.066

After these baseline FTP results were complete, new advanced catalysts were installed on
each test vehicle. In general, the advanced catalysts were placed in the same position as the OEM
catalysts. Two of the vehicles had small “pipe catalysts’ added to the OEM configuration. FTP
tests were then conducted. |If the emission results were not below the proposed LEV |1 standards
with areasonable margin, engine calibration modifications such asignition retard at engine start,
02 sensor biasing, or air injection modifications were applied to reduce tailpipe emission levels.

In a couple instances, approximately 4000 miles were accumulated on the “green” catalysts before
FTP tests were again conducted. The emission test results for the advanced catalyst vehicles are
listed in Table 11-18. It isinteresting to note that the Mercury Grand Marquis was the best
performer despite its large size and high weight, plus alarge displacement V8 engine.
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Tablel1-18
Average FTP emissions of test vehicle with modifications and advanced catalysts.

Test Vehicle Approx. Mileage on NMHC | CO NOx Modifications
Adv. Catalyst (g/mi) (g/mi) (g/mi)

1997 Mercury Sable 0 0.029 1.0 0.036 Air Injection Time

1998 Mercury Grand Marquis | 4000 0.033 0.5 0.004 None

1998 Nissan Altima 0 0.028 0.7 0.033 Fuel Biasing

1998 Toyota Avalon N/A N/A N/A N/A N/A

1998 Honda Accord EX 0 0.026 0.4 0.035 Ignition Retard

On some cars, bench aging of the catalyst systems to 50,000 miles may be
performed. Thiswill depend on the availability of bench aging time and resources, but most of
the aged advanced catalysts were not available in time to be included in this report.

The only available aged catalyst test result is shown in Table 11-19. With a 50,000 mile bench
aged catalyst and oxygen sensors, the emission performance of the Honda Accord is just below
the proposed emission standards.

Tablel1-19
FTP Test Results
(Advanced Catalyst, A/F sensor, & O2 sensor bench-aged to 50,000 miles).

Test Vehicle Approx. Mileage | NMHC CcoO NOx Modifications
on Adv. Catalyst | (g/mi) (g/mi) (g/mi)

1998 Honda Accord EX 50,000 0.032 0.6 0.048 Ignition Retard

Staff will make available any other test data that are completed before the scheduled Board
hearing. At thistime, the automotive industry has generally acknowledged that the proposed
emission standards for passenger cars can likely be met in the timeframe they would be required.

Staff did not attempt to evaluate achieving SULEV emission levels, but notes that Honda
has indicated they will consider producing such avehicle based on their ZLEV gasoline prototype.
Also, hybrid electric vehicles such as the Prius are being planned for introduction in the U.S.
meeting the SULEV standards.

(b) TRUCK/SUV Test Program. In order to evaluate the capability of
achieving LEV Il emission levels on trucks and SUV's below 8500 GVW, ARB procured two
identically equipped 1998 Ford Expeditions as our primary test vehicles. The Expedition was
chosen for this demonstration because it represents the upper tier of the LDT2 vehicle weight
category and exhibits very capable emission performance relative to other vehiclesin this class.
The technical specifications of the two vehicles, identified hereafter as Vehicle #2 and Vehicle #3,
arelisted in Table 11-20.
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Tablel1-20

Technical Specificationsfor 1998 Ford Expedition (Vehicles #2, #3)

Class MDV3

Engine 5.4 Liter V-8 Triton Engine

Transmission 4 speed automatic

Tires P255/70R16

Body style Sport Utility

Drive Type RWD,4X 4

Engine Family WFMXA05.4JGC

Test Weight 6000 Ib. (officia test weight would be 5500 Ibs.)

Aftertreatment Duadl three-way catalysts X 2; Dual heated oxygen sensors X 2;
Exhaust gas recirculation; Sequential multi-port fuel injection

Calibration 8-46U

Certification emission results for this vehicle both at 4000 miles and 50,000 miles are
shownin Table l1-21.

Tablell-21
Certification Results of 1998 Ford Expedition
Miles Test Weight | NMHC | CO NOx
(g/mi) (g/mi) [ (g/mi)
4000 6000 0.066 12 0.04
50,000 | 6000 0.080 15 0.14

Both ARB test vehicles were emission tested as recelved over the FTP cyclein the
baseline OEM configuration at about 2000 miles. The average results of these tests are presented

in Table 11-22.
Tablell1-22 Expedition Testing
Baseline FTP EmissonssOEM Configuration (6000 Ibs.)
Vehicle No. of NMHC CcoO NOx Co, Fuel Economy
Tests g/mi g/mi g/mi g/mi mi/gal
Vehicle #2 8 0.090 1.69 .030 662 12.9
Vehicle #3 6 0.077 1.57 .031 661 13.0
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ARB obtained two identical non-aged Pd/Rh advanced catalyst systems for each of these
vehicles. The advanced catalyst systems and the oxygen sensors from these vehicles were bench-
aged at Southwest Research Institute in San Antonio, Texas. Bench-aging was performed to
simulate 50,000 in-use miles using a representative cycle specified by Ford Motor Company for
thisvehicle. After bench-aging, the catalyst systems and oxygen sensors were shipped back to
ARB, installed on the test vehicles and tested for emissions. Results are shown in Table 11-23.

Tablel1-23
Expedition FTP Emissions
With Advanced Catalyst & O, Sensors Bench-Aged to 50,000 miles (6000 Ibs.)

Vehicle No. of Tests NMHC Cco NOx Co, Fuel Econ
g/mi g/mi g/mi g/mi mi/gal
#2 4 0.111 3.32 0.048 663 12.9
#3 7 0.112 2.91 0.052 650 13.1

After conducting the initial set of baseline tests with the aged catalyst and oxygen sensors,
staff noted that both test vehicles exhibited gradually increasing emissions with normal FTP pre-
conditioning. Considerable testing ensued in an attempt to regain the initial emission levels. At
one point, staff removed both sets of aged advanced catalysts and sensors and placed them on two
other rented Expeditions. Both of these added vehicles displayed identical as received OEM
baseline emissions as the first two, but installation of both sets of aged advanced catalysts and
sensors yielded high NOx emissions in the vicinity of 0.1 g/mi. After further repeat FTP testing,
even the first two Expeditions with aged components yielded stabilized NOx emissions about 0.10
- 0.14 g/mi.

After investigation, it appears that the altered oxygen storage capacity of the aged
catalysts has affected the ability of the stock fuel system calibration to maintain optimum
emissions (as current advanced fuel systems cycle dightly rich and dightly lean of the target
air/fue ratio (stoichiometric) for optimum catalyst conversion efficiency, oxygen is stored in the
catalyst during the lean excursion and is used to convert HC and CO during rich excursions. With
aging, the ability of a catalyst to store oxygen declines, but with proper adjustment of the fuel
control, catalyst efficiency can still be maintained very well with the newest advanced catalysts).
Staff learned that some manufacturers (including Ford) typically bench age new catalyst
technologies to 50,000 and 100,000 miles, and then tailor the fuel system to achieve optimum
emission levels at each aging interval. Revised fuel look-up tables are incorporated into the
computer software. By tracking catalyst oxygen storage, modified fueling can be implemented as
the catalyst agesin order to maintain lowest emissions. Unfortunately, staff has no such capability
for modifying software to achieve this fuel tailoring. That our first two test vehicles achieved
NOx emissions of about 0.05 g/mi when the aged catalysts were first installed seems to have been
fortuitous, and perhaps the long-term fuel trim required some time to begin a modified fueling
strategy in response to detecting a decline in oxygen storage with the aged catalysts installed,
eventually leading to higher emissions.
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Despite these hurdles, staff was able to regain most of the initial good emission
performance of the first two Expeditions by using a modified preconditioning procedure. It was
noted that when using the FTP test cycle for preconditioning, emissions would remain high, but
that by running several on-road test loops with a “key-off” between loops to potentially stabilize
fuel adaptive “learning,” NOx emissions could be brought back to a0.04 - 0.06 g/mi level. Itis
believed that on-road operation yielded higher catalyst temperatures than FTP driving, and
therefore improved oxygen storage. This approach seemed to provide a better match of fuel
learning and aged catalyst performance for lower emissions than other efforts.

Discussions with catalyst suppliers indicate that with proper fuel tailoring adjustments,
these latest technology palladium-rhodium designs lose virtually none of their emission conversion
capability over more than 100,000 miles of aging. The small increases in emissions of our two
Expeditions without the benefit of proper fuel tailoring tends to verify this claim.

Vehicle #3 seems to have the best match of fueling to the aged advanced catalyst, and was
thus modified to include an electric air injection system to determine what level of NMOG and
CO emission reductions might be obtained. Air was injected at the front of each exhaust
manifold, though a more effective system would introduce the air at each exhaust port (which
would be done by including air passages cast into the engine cylinder heads). Early results from
this testing available at the time of release of this staff report are shown in Table 11-24. These are
our best results to date, and additional optimization and repeat testing will be done to explore this
system’ s capability within our modification and testing constraints.

Tablel1-24

FTP Emission Tests- Vehicle #3
Air Injection Testing with Aged Advanced Catalyst System/O2 Sensors

Condition No.of | NMHC Cco NOx CO, Fuel Economy (mi/gdl)
Tests g/mi g/mi g/mi g/mi
Baseline Onroad Prep (w/o | 3 0.144 254 0.047 660 12.9
air injection)
With Air Injection 1 0.072 0.618 [ 0.042 659 13.0

These results provide evidence that the proposed emission standards for the LD T2
category would be feasible. Despite the considerable limitations of the staff’ s test program, a
NOXx level near the expected target of 0.035 g/mi was achieved that vehicle manufacturers would
need to allow for vehicle and testing variability and “headroom.” NMHC emissions of our test
vehicle are in the LEV category even though the fuel system was not tailored to the
characteristics of the aged advanced cataysts, the air injection system may not yet be optimum,
and a host of other methods to reduce NMOG emissions was not available to ARB staff.
Numerous technol ogies described earlier might be applied to improve HC, CO and NOx
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emissions, including individua cylinder fuel control, (probably incorporating UEGO sensors),
retarded spark timing, heated fuel injectors, greater mixture turbulence, higher cell density
catalysts, abbreviated engine starting, and others.

Tests on the Ford Expeditions were conducted at a 6,000 Ib. test weight, which is
probably the highest test weight of any vehicle in the new LDT2 category (the appropriate test
weight of the Expedition is 5500 Ibs.). Most vehicles will have test weights well below this
maximum and should, therefore, be capable of even lower emissions than we have seen in our
testing (note that staff is also proposing that 4 percent of a manufacturer’s LDT2 category be
allowed to certify at a higher emission level, which would include their heavier vehicles tested at
or below 6000 Ibs., further easing their task). Even then, in the next five to six years before the
most difficult vehicles would be required to meet the new LEV |l program emission standards,
catalyst technology will surely improve further (some of the catalyst vendors mentioned that in the
next six months they will have significantly improved catalysts than the ones provided to ARB).

The 1999 5.4L Ford Expedition (Engine family: XFMXAO5.4JGC) is equipped with a
catalyst system identical in catalyst volume, close coupled location, and configuration to ARB’s
advanced catalyst system, except that our advanced catalyst has significantly higher precious
metal loading than the 1999 OEM system. In addition, Ford used the identical bench aging
procedure for the certification OEM catalyst that was used by ARB to age our advanced catalyst.
The following table provides a comparison of the emission results after aging our advanced
catalyst and the certification emissions of the 1999 OEM system.

Tablel1-25
Ford Expedition Emission Comparison
ARB Advanced Catalyst and 1999 Expedition Certification Data

Catalyst Test Weight | Description Mileage | NMHC CcoO NOx
(Ibs.) (@/mi) | (g/mi) | (g/mi)
Advanced ARB 6000 Virtualy identical to 1999 OEM | 50,000 0.144 25 0.047
Vehicle #3 (2 tests)* system, except increased
precious metal loading
1999 OEM system* | 6500 50,000 0.092 17 0.1
1999 OEM system* | 6500 120,000 | 0.126 31 0.1

* Aged using Ford’ s thermal bench aging procedure.

The results from the OEM system indicate that the 1999 Expeditions are very close to
meeting the proposed LEV |1 standards for NOx (numerous other technology measures are
available to lower HC without increasing NOXx), even though automobile manufacturers would
have another 6 years to meet the proposed standards for their most difficult to control vehicles.
Since our advanced catalysts have significantly higher precious meta loading than the OEM
system, our lower NOx level was expected. Furthermore, since the OEM system is able to
achieve lower hydrocarbon emissions with alower precious metal loading than our advanced
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catalyst system, emission performance of our advanced catalyst should be further improved with

proper tailoring of the fuel-control strategy to match the advanced catalyst requirements. Finally,
the OEM certification emission levels were generated with the vehicle tested at 6,500 Ibs, so that
emission levels should be even lower when tested at the 6000 Ib. weight of our test vehicles or at
the actual Expedition loaded vehicle weight of 5500 Ibs.

Also of interest are the two additional rental Ford Expeditions acquired for testing, as
mentioned earlier. Despite these vehicles being rental vehicles that probably receive abusive
treatment, their baseline emissions were virtually the same as our first two low mileage vehicles,
after having accumulated 14,000 and 17,000 miles of service, as shownin Table 11-26. The
emission performance of all Expedition test vehicles was tightly grouped, demonstrating that these
advanced catalysts and control systems markedly reduce variability and do not show an increasein
emissions at least between 1500 and 17,000 miles.

Tablel1-26
FTP Test Results

Test Vehicle Approx. Mileage | NMHC CcoO NOx Notes

on Vehicle (g/mi) (g/mi) (g/mi)
Vehicle #2 1500 0.090 1.69 0.030 Average of 8 tests
Vehicle #3 2500 0.077 157 0.031 Average 6 tests
Vehicle #6 14,000 0.074 113 0.030
Vehicle#7 17,000 0.091 164 0.031

In view of the above findings, staff concludes that the PC/LDT1 and new LDT2 emission
standards as proposed would be feasible in the prescribed implementation timeframe. 1n making
this conclusion, staff assumes that manufacturers will need to achieve 0.035 g/mi NOx emissions
on their 50,000 mile test vehicles in order to have adequate headroom to ensure vehicles on
average will pass emission requirementsin-use. Staf