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EXECUTIVE SUMMARY

Advanced hybrid-electric vehicles (HEVs) and other advanced technology vehicles have the
potential to play along-term role in alleviating the environmental, energy, and other concerns associated
with conventional vehicles. Asaresult of the research and development of these technologies,
manufacturers and entrepreneurs have approached the Air Resources Board (ARB) and asked for an
opportunity to demonstrate equivalent emission benefits to the ARB's zero-emission vehicle requirement
through the use of new transportation technologies.

In response to these requests, the ARB directed the staff to evaluate the potential role of HEV's
within the framework of the zero-emission vehicle requirement. In response to the Board's direction, the
staff has met with a number of partiesinterested in HEV's and conducted a public forum to discuss the
policy and air quality implications of allowing extremely low-emitting HEVsto receive at least partia
credit toward the zero-emission vehicle requirement. Based on the information provided to date, the
ARB staff is proposing amendments to the regulations that would establish performance-based standards
and thus provide greater flexibility for industry to meet California's emissions requirements. The
amendments would have no effect on the current zero-emission vehicle definition or the unique benefits
that battery-electric technology offers --- namely no refueling emissions and no deterioration in emission
control equipment.

The ARB staff is proposing amendments to add a new "equivaent zero-emission vehicle' (EZEV)
emission standard, which is equal to the minor level of in-basin power plant emissions of oxides of
nitrogen (NOx) and reactive organic gases (ROG) associated with charging battery-powered electric
vehicles. The new standard is intended to provide an additional mechanism for technologies that can
achieve extremely low tailpipe emissions to receive credit towards the zero-emission vehicle requirement.
Since these technologies will likely have some tailpipe emissions, it is necessary to provide an additional
standard in the regulations. Evaporative and refueling emissions would be counted along with exhaust
emissions. Vehicles certified to the EZEV standard would be credited toward a manufacturer's zero-
emission vehicle requirement on a one-to-one basis. The proposed certification standards for NOx and
non-methane organic gas (NMOG) are:

Proposed Equivalent Zero-Emission Vehicle Certification Standards

| Pollutant | Emissions Level |
| 0.02 grams per mile |

| NMOG 0.004 grams per mile




Staff also proposes to amend the regulations to provide partia zero-emission vehicle credit for
HEV s capable of providing a significant all-electric range. The proposed amendments acknowledge the
fact that such HEV s could perform as electric vehicles for much of their operation. Under this proposal,
the vehicle would have to be capable of at |east a 30-mile all-electric range and have an auxiliary power
unit certified to the ultra-low emission vehicle standards. The amount of zero-emission vehicle credit
would be based on transportation survey data used in combination with the vehicle's all-electric range.




INTRODUCTION

In September 1990, the Air Resources Board (ARB or "Board") adopted the Low-
Emission Vehicle and Clean Fuels (LEV) regulations. These regulations took effect in 1994 and
require automakers to meet increasingly strict "fleet average" emission requirements each year
through 2003. These regulations also require large-volume auto manufacturers to begin
introducing zero-emission vehicles in model-year 1998. The only technology expected to meet
the zero-emission vehicle (ZEV) standard by 1998 is the electric vehicle (EV) powered by
electrochemical batteries.

At the time the LEV regulations were adopted, the Board directed the staff to update the
Board at least biennially on the status of the implementation of the regulations and to propose any
appropriate modifications. Since 1990, the Board has held two public meetings (June 1992 and
May 1994) to discuss the status of technology development of low- and zero-emission vehicles,
and two regulatory hearings (November 1991 and January 1993) to update the regulations.

The Board first acknowledged the unique capability of hybrid-electric vehicles (HEVS) to
reduce vehicular emissions when the LEV regulations were adopted in 1990. At that time, the
Board was aware of several prototype HEV s that featured a conventional internal combustion
engine auxiliary power unit, which in series with the electric motor, served to extend vehicle
range. However, because these engines were typically fueled with volatile liquids such as
gasoline, they still produced significant evaporative emissions. In addition, as conventional
engines, they were subject to in-use deterioration of emission control equipment with age or lack
of maintenance. In the view of the Board, these HEV's, while capable of battery-only operation,
were clearly not capable of providing the equivalent emissions benefits of pure EVs.

To provide an appropriate incentive to manufacturers who chose to produce hybrids, the
LEV regulations established specia non-methane organic gas (NMOG) emission levels based on
the range the vehicle could operate on batteries dlone. Asan example, for aHEV with an
auxiliary power unit certified to the ultra-low emission vehicle (ULEV) emissions standard, and
capable of an all-electric range of 60 miles, the vehicle would be credited with emissions half way
between the ULEV and ZEV standards.

The role of HEVs was again addressed by the Board at the second review of the
regulationsin May 1994. At thisreview, the Board directed the staff to evaluate the potential
role of hybrid-electric vehicles within the framework of the ZEV requirement, and to report back
to the Board on the staff's findings. In response, the ARB staff has gathered information from
industry and other interested parties regarding HEV's and the potential for advanced HEVs to
reduce mobile source emissions. On May 9, 1995, the ARB staff held a public forum to discuss
both the policy and technical issues associated with HEV's. The staff also presented initial




concepts for allowing ZEV credit for HEVs. Effort was made to gather information from all
impacted parties during and after the forum. The information obtained was used to help refine the
initial concepts into the proposal contained within this package.

The ARB staff is proposing amendments to add a new "equivalent zero-emission vehicle'
(EZEV) emission standard, equal to the emissions associated with battery-powered electric
vehicles. The amendments would have no effect on the current zero-emission vehicle definition or
the unique benefits that battery-electric technology offers. The standard is based on the power
plant emissions of oxides of nitrogen (NOXx) and reactive organic gases (ROG) that are associated
with the use of pure electric vehicles, and is about 10 times more stringent than the ULEV
standard. The new standard is intended to provide an additional mechanism for technologies that
can achieve extremely low tailpipe emissions to receive credit towards the ZEV requirement.
Since these technologies will likely have some tailpipe emissions, it is necessary to provide an
additional standard to the regulations. Vehicles certified to the EZEV standard, would be
credited toward a manufacturer's ZEV requirement on a one-to-one basis.

The ARB staff aso proposes that aHEV receive partial ZEV credit if it is capable of
significant all-electric range (at least 30 miles) and has an auxiliary power unit certified to the
ultra-low emission vehicle standards. This concept acknowledges the fact that such HEV's
perform as electric vehicles for much of their operation. The amount of partial ZEV credit would
be based on transportation survey data used in combination with the vehicle's all-electric range.

The ARB staff is not aware of any large-volume manufacturer that plans to develop and
market such avehicle in the near term. However, the staff believesit isimportant to provide the
flexibility needed to allow manufacturers an opportunity to certify vehicles that can provide
emission reductions equivalent to an electric vehicle, and therefore count toward the ZEV
requirement.

. DESCRIPTION OF THE LOW-EMISSION VEHICLE PROGRAM

The LEV program is acritical component of California’s long-term plan for reducing air
pollution from light- and medium-duty mobile sources. The program requires implementation of
advanced mobile source control strategies to substantially improve Californias air quality
problem. The following isasummary of the LEV program.




A. LEV Emission Standards

The LEV program establishes emission standards for four categories of vehicles, each with
increasingly stringent emission requirements: transitional low-emission vehicles (TLEV), low-
emission vehicles (LEV), ultralow emission vehicles (ULEV), and zero-emission vehicles (ZEV).
The largest class of vehiclesto which the LEV regulations apply is comprised of passenger cars
and light-duty trucks (weighing less than 3,750 pounds). The 50,000-mile emission standards
applicable to this class are shown in Table 11-1.

TABLE I1-1
Light-Duty L ow-Emission Vehicle 50,000-Mile Exhaust Emission Standards
Vehicle Class' NMOG CO NOx
(grams/mile) (grams/mile) (grams/mile)

TLEV 0.125 34 04
LEV 0.075 34 0.2
ULEV 0.040 1.7 0.2
ZEV Zero Zero Zero

1 "NMOG" (non-methane organic gas) is comprised of non-methane hydrocarbons and all
oxygenated hydrocarbons.

A unique feature of the LEV program is its market-based approach to implementation
which affords considerable flexibility to manufacturers. Manufacturers are not required to phase-
in specific percentages of light-duty vehicles (with the exception of ZEV's, which will be discussed
in the following section). Instead, afleet average emission level for NMOG is set for each year.
Manufacturers can certify any combination of vehicles as long as the overall fleet average
emission level ismet. Compliance is determined by calculating the sales weighted average
NMOG emissions of a manufacturer's fleet. Additiona flexibility is provided through the use of a
marketable credit trading system. Manufacturers that exceed the fleet average requirement
accumulate credits that can be banked, traded or sold to other manufacturers. The fleet average
requirement for passenger cars and light-duty trucks weighing less than 3,750 poundsis shown in
Tablel1-2.




TABLE I1-2
Passenger Carsand Light-Duty Trucks (0-3750 pounds)

Model 1994 | 1995 [ 1996 | 1997 | 1998 | 1999 2000 200 | 2002 | 200

Fleet

Avg | 025 | 023 | 022| 020| 015 011 | 0073 | 007 | 006 | 0.06
NMO 0 1 5 2 7 3 0 8 2
G

(g/mi)

The requirements for medium-duty vehicles are approached differently. Because of the
diversity of vehicle classesin this category, it was not practical to create afleet average
requirement. Instead, manufacturers of medium-duty vehicles are required to meet certain
percentage phase-in requirements, but they can accumulate marketable emission credits by
exceeding these phase-in percentages. This credit system also affords medium-duty vehicle
manufacturers considerable compliance flexibility.

B. TheRequirement for Zero-Emission Vehicles

The only instance in which the LEV regulations require the introduction of a vehicle with
aspecific emission level isthe ZEV. The LEV regulations define aZEV as "any vehicle which is
certified by the Executive Officer to produce zero emissions of any criteria pollutant under any
and all possible operationa modes and conditions." Beginning in 1998, al large-volume
manufacturers (those with salesin California exceeding 35,000 vehicles per year) are required to
introduce certain percentages of ZEV's, as shown in Table I1-3. In 2003, the ZEV requirement
will also apply to intermediate-volume manufacturers, i.e. those manufacturers that sell between
3,001 and 35,000 vehicles in California each year.

TABLE 11-3
ZEV Requirement

Model Year 1998 1999 2000 2001 2002 2003+

% Requirement 2 2 2 5 5 10







Generating ZEV Credits

Each ZEV that a manufacturer produces and delivers for salein Californiais credited
toward its ZEV requirement. If a manufacturer produces more ZEVs than are required in agiven
year, it earns ZEV credits. The amount of credits generated by an "excess' ZEV is based on the
allowable emissions of the average new vehicle it will be replacing. The credit is expressed in
units of grams of NMOG per mile. For each model year, a manufacturer would determine the
"excess' number of ZEVsit produced and delivered for sale in California, and multiply that
number by the passenger car and light truck grams per mile NMOG fleet average emission level
required for that model year. For example, 10 excess ZEV's produced in the 1998 model year
would generate ZEV credits of 1.57 grams per mile (10 x 0.157 grams per mile), while 10 ZEVs
produced in the 1994 model year would generate ZEV credits of 2.50 grams per mile (10 x 0.25
grams per mile).

The existing ZEV credit framework provides a significant amount of flexibility, since
manufacturers may forego producing ZEVsin agiven year by using credits from early production
of ZEVsor by obtaining credits from other manufacturers. Manufacturers are also allowed to
make up any deficits by the end of the following year without penalty. If a manufacturer does not
make up its deficit, they are required to pay a penalty, which is designed to help equalize the
competitive effects of those manufacturers who make the investment to meet the ZEV
reguirements with those who do not.

C. Hybrid-Electric Vehicle NMOG Credits

At the time the LEV regulations were adopted in 1990, the ARB was aware of several
prototype HEV's. These vehicles typically featured a conventional internal combustion engine
auxiliary power unit (APU) which served to extend vehicle range. To encourage the development
of HEV s that are designed to operate for long distances in the all-electric mode, and thereby
promote driving in the "zero-emissions' mode, the regulations provide credit to HEV's based on
the vehicle's all-electric range. The vehicle's APU must be certified to one of the LEV standards.
This credit is only provided for the purpose of calculating a manufacturer's NMOG fleet average
and does not count towards the ZEV requirement.

To illustrate how the LEV regulations currently provide additional NMOG credits for
HEVs, consider aHEV with an APU certified to the ULEV standards. If thisvehicle has an all-
electric range of 60 miles or greater, it is granted additional NMOG credit equal to one-half of the
difference between the NMOG certification standard of the APU (in this case, ULEV) and the
next most stringent certification standard (in this case, ZEV). The same HEV with a 40 to 59
mile all-electric range would be granted additional credit equal to 25 percent of the difference
between the ULEV and ZEV NMOG certification standards. No additional NMOG credit is




provided for aHEV with an all-electric range of less than 40 miles. Tablell-4
illustrates the possible NMOG emission levels of an HEV certified asan ULEV, based on all-
electric range. ThisNMOG leve isused in calculating a manufacturer's fleet average emission
level for determining compliance with the LEV regulations. In contrast, a conventional (i.e., non-
hybrid electric) vehicle certified to the ULEV standards receives an NMOG level of 0.040 grams
per mile. The Type A, B, and C designation refersto the vehicle's al-electric range.

TABLE |1-4
Current HEV Certification Categories'
HEV Type All-Electric Range NMOG Leve
(miles) (gramg/mile)
A > 60 0.02
40 to 59 0.03
C 0to 39 0.04

1 For HEVswith APUs certified to ULEV emission levels.

1. PROPOSED AMENDMENTSTO ADD AN EQUIVALENT ZERO-EMISSION
VEHICLE CERTIFICATION STANDARD

The ARB staff proposes that several amendments be made to the LEV regulations to
allow ZEV credit for vehicles that have emissions comparable to the power plant emissions
associated with pure electric vehicles. In reviewing HEV technology, the staff had originally
proposed that ZEV credit be alowed for two distinct types of HEV's, dubbed Class | and Class 1
HEVs. However, in recognizing that other technologies, such as extremely clean fuel cell vehicles
or hydrogen-powered combustion vehicles, may also be able to certify to the Class | concept, the
staff has renamed this category as equivaent zero-emission vehicle or "EZEV."

The staff proposes that this new certification standard, "equivalent zero-emission vehicle"
correspond to the power plant emission levels associated with EVs. Vehicles that certify to the
EZEV standard would be counted toward a manufacturer's ZEV requirement. These vehicles
would be required to maintain their emissions at or below the EZEV certification standards for
the entire life of the vehicle. However, for certification purposes, a manufacturer would be
required to demonstrate that the vehicle's total emissions, including exhaust, evaporative and
refueling emissions, do not exceed the EZEV certification standards over a 100,000-mile life.




Evaporative emissions include hot soak emissions, diurnal emissions, resting losses and running
losses. In-use vehicle testing would be used to determine compliance with the certification
standards throughout the life of the vehicle. EZEV s that exceed the certification standards would
be subject to recall. The vehicle would aso be required to employ an on-board diagnostic system,
and would be subject to inspection and maintenance requirements.

A. Background

Under the LEV regulations, aZEV is defined as "any vehicle which is certified by the
Executive Officer to produce zero emissions of any criteria pollutant under any and all possible
operational modes and conditions." Battery-powered e ectric vehicles are currently the only
vehicles that fulfill this definition. Although EV's emit no exhaust or evaporative emissions, there
are power plant emissions associated with generating the energy needed to charge the EV
batteries. In the"Staff Report: 1994 Low-Emission Vehicle and Zero-Emission Vehicle Program
Review" dated April 1994, the ARB staff presented an estimate of EV emissions in the South
Coast Air Basin (SCAB) based on average power plant emissions. The results of thisanaysis are
summarized in Table 111-1.

TABLE I11-1
Average SCAB Power Plant Emissions Associated with EVs!

NOx ROG
(g/mi) (g/mi)

0.01 0.001

1 Based on 33 percent in-basin power generation. Vehicle efficiency is assumed to be
0.35 kilowatt-hours per mile (kWhr/mile). Power plant emissions are assumed to be 0.15
IbsMWhr NOx and 0.02 IbsyMWhr ROG.

The staff's analysis of average power plant emissions represented afairly smplified
approach to the evaluation of EV emissions. A more thorough approach would examine the
emissions from the individual power plants in the SCAB that would generate the electricity
needed for EVs. However, the approach used in the April 1994 report enabled the staff to
estimate the magnitude of EV-related power plant emissionsin atimely manner.




B. Current ARB Analysisof EV Emissions

To conduct a more thorough assessment of the power plant emissions associated with
EVs and improve upon the analysis conducted for the April 1994 staff report, the staff requested
the assistance of the California Energy Commission (CEC) staff to analyze the emissions
associated with the additional, or marginal, power that will be generated to satisfy EV demand in
the SCAB. The ARB and CEC staffs decided on a number of different assumptions (e.g., number
of EV's, vehicle efficiency, miles travelled per year) that would characterize the additional demand
for electricity dueto EVs. The CEC staff then used the Elfin model (Electric Utility Financial and
Production Cost Model, owned and maintained by the Environmental Defense Fund) to estimate
the amount of additional electricity that would need to be generated under severa scenarios, and
to predict which power plants would produce this marginal electricity. The NOx and ROG
emission factors associated with those plants were used to arrive at the total emissions expected
to occur in the SCAB due to the use of EVs. A vehicle emission rate (in grams per mile) was
calculated by applying an EV efficiency value. A draft report describing this work has been
prepared by the CEC staff, and is attached as Appendix C.

The CEC staff ran the Elfin model using several different combinations of assumptions
regarding the number of EVsthat will be distributed to the SCAB, the times of day that EVswill
be charged and the efficiency of EVs. The ARB staff has summarized these different
combinations of assumptions into six scenarios, which are described in detail in Appendix B. The
ARB staff selected one of these scenarios as the "primary scenario,” because the staff believes it
represents the most appropriate characterization of EV implementation in the SCAB. The
primary scenario isdescribed in Table 111-2. The results of the CEC staff's analysis for the
primary scenario are presented in Table I11-3. Results for the other scenarios are presented in
Appendix B.




TABLE I11-2

Summary of Assumptions: ARB Staff Primary Scenario

Marginal Electric Vehicle In-Basin Emission Rates'

Years Number of EVsin Charging Profile Efficiency Miles
Anayzed (kKWhr/mi) Driven
per Y ear
2000 & 2010 775,000 in 2010 84% Off-Peak 0.241t00.35 10,000
(55% of state-wide 16% On-Peak
TABLE 111-3

Primary Scenario: 84% Off-Peak/16% On-Peak, 55% SCAB Distribution

Efficiency 2000 2010
(KWhr/mi)
NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
0.24 0.017 0.001 0.012 0.002
|| 0.35 0.020 0.001 0.020 0.003 |

1 Emission rates represent a weighted average of emissions for Southern California Edison and
Los Angeles Department of Water and Power.

Thein-basin EV emission ratesin Table 111-3 are extremely low. However, the overal
emissions impact due to EVsin the SCAB may in fact be even lower. Power plants located in the
SCAB are subject to increasingly stringent emission requirements through 2010 under the South
Coast Air Quality Management's (SCAQMD's) RECLAIM program. Under this program, power
plants are required to reduce emissions of NOx from their facilities or purchase RECLAIM
Trading Credits (RTCs) from other sources. However, in their analysis the CEC staff determined
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the emissions from power plants without adjusting these emissions for scenarios in which utility
NOx emissions were projected to exceed RECLAIM allotments. 1n such situations, the utility
would be required to offset these exceedances by either applying control equipment or by
purchasing RTCs from other sources. Using either approach, overall emissionsin the SCAB due
to EVswould be reduced.

C. Proposed Equivalent Zero-Emission Vehicle (EZEV) Certification Standards

The ARB staff proposes to include a new classification of vehicle to the LEV regulations
to be defined as:

"Equivalent Zero-Emission Vehicle" or "EZEV" means any vehicle which is certified to
the EZEV exhaust emission standards.

The EZEV category isintended to reflect the minor level of emissions associated with
battery-powered electric vehicles and would have no effect on the current zero-emission vehicle
definition. The new standard merely provides an additional mechanism for technologies that can
achieve extremely low tailpipe emissions to receive credit towards the zero-emission vehicle
requirement. Since these technologies will likely have some tailpipe emissions, it is necessary to
provide an emissions standard within the regulations. The staff's proposed certification standards
for EZEVs are presented in Table I11-4. The proposed NOx standard of 0.02 grams per mile
corresponds to the emission rate estimated for the primary scenario, and also lies at the top of the
range of NOx emissions for all six of the scenarios that the ARB staff considered. The proposed
NMOG standard of 0.004 grams per mile is dightly higher than the ROG emission rate predicted
for the primary scenario, but represents the upper bound of ROG emission rates for al of the
scenarios considered. The proposed carbon monoxide (CO) and particulate matter (PM)
emission standards correspond to one-tenth of the existing CO and PM standards for ULEVs.
These values are not based on power plant emission levels, but are the same percentage of the
ULEV standards as the NOx and NMOG EZEV standards. The staff believes that future
advanced technology vehicles would be able to achieve the proposed CO and PM emission levels.
It is not the staff's intention to have the proposed CO or PM emission standards limit the ability of
technology to certify to the EZEV standard. The staff does not propose a separate formaldehyde
emission standard as formaldehyde will be counted in the NMOG emissions of the vehicle.
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TABLE I11-4
Proposed EZEV Certification Standards

Vehicle Loaded Vehicle APU NOx NMOG CO PM
Type Weight (LVW) Durability (g/mi) (g/mi) (g/mi (g/mi)
(pounds) Basis )
PC! al
vehiclellife 0.02 0.004 0.17 0.004
LDT? 0-3750
1 Passenger car

2 Light-duty truck

The staff proposes that, in order to certify to the EZEV standards, a vehicle would need to
have exhaust, evaporative, and refueling emissions that do not exceed the emission ratesin Table
[11-4 for the entire life of the vehicle. By including refueling emissions in the determination of
compliance with the EZEV standards, the staff is attempting to account for amagjority of the fuel-
cycle emissions associated with the EZEV. The staff recognizes that there are other fuel-cycle
emissions that occur prior to vehicle refueling (e.g. fuel production and transportation emissions).
Thisis addressed in more detail in the following section. For certification purposes,
manufacturers would be required to demonstrate compliance with the EZEV standards up to
100,000 miles on the vehicle engine or auxiliary power unit. In-use testing would be used to
verify compliance throughout the vehicle life. Vehiclesfailing to maintain emissions at the level of
the EZEV certification standards would be subject to recall. EZEVswould aso be required to
employ an on-board diagnostic system, and would be subject to inspection and maintenance
requirements. EZEVswould also be required to meet the general requirements for cold
temperature exhaust CO and the 50° F emission test requirements for NMOG, NOx, and CO.

D. Discussion of Issues
0 Out-of-basin emissions
The proposed EZEV certification standards are based on power plant emissions within the

SCAB. The CEC staff also evaluated emissions from power plants located outside of the SCAB
that will generate electricity for use by EVsthat operate in the SCAB. Figurel1l-1 compares the
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in-basin EV emissions associated with the primary scenario to the in-basin plus out-of-basin
emissions for the same scenario.

FIGURE I11-1
A Comparison of In-Basin EV Emissionsto Total EV and ULEV Emissions

0.3
0.3 7
0.25 71
M roc
0.2 + L1 Nox 0.18
0.16
E 0.15 7
(@]
0.1 71
0.05 T
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0.003 '
0 | | L
In-Basin EV In-Basin plus Out-of- Gasoline ULEV
Emissions: Primary Basin EV Emissions: Emissions (incl. evap,
Scenario Primary Scenario RL, marketing)

Thein-basin plus out-of-basin power plant emissionsinclude emissions from
relatively dirty coal-fired power plantslocated outside of California. Emissions, including
exhaust, evapor ative, and fuel marketing emissions, for a gasoline-powered ULEV are also
displayed. Figurelll-1showsEVsare still much cleaner than a ULEV, even when the out-
of-basin power plant emissions are included.

The Los Angeles area hasthe most severe air quality problem in the United States.
Although power plants outsidethe SCAB, and in particular out-of-state power plants, are
allowed to emit at higher levelsthan those within the SCAB, in-basin power plants have
been subject to stringent emissionsrequirementsin order toimprove air quality. Because
of this, in-basin power plant emissionsdueto the use of EVsare extremely low. Whileit is
important to recognize thetotal air quality impact of EVsboth within and outside of the
SCAB, it would beinappropriateto allow an EZEV to count toward a manufacturer'sZEV
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requirement if it emits at the higher out-of-basin emission levels while operating in the
SCAB, asthiswould seriously reduce the effectiveness of the LEV regulations.

o0 Applicability to other air basinswithin California

The proposed EZEV certification standards are based on the power plant emissions
associated with EVsoperated in the SCAB. These emissions may be either higher or lower
than the power plant emissions associated with EVs operated in other areas of California.
For example, the Sacramento region obtains most of its electricity from sour ces outside the
area. Therefore, the power plant emissions associated with EVswithin the Sacramento
areaarevery low. For areassuch as Sacramento, the substitution of a EZEV for a ZEV
could result in a small increase in emissions. Whileit isimportant to recognize thisfact, it
isessential that the EZEV emission standards be consistent statewide. It would not be
practical to establish separate certification standards for each air basin within California.
For thisreason, it islogical to base the certification standards on power plant emissionsin
the SCAB, the area with theworst air quality problem.

0 Accounting for thefull fuel-cycle emissions of an EZEV

The proposed EZEV certification standards are based on the power plant emissions
associated with theuse of an EV. These emissions comprise nearly all of the fuel-cycle
emissions associated with an EV. In order to make an appropriate comparison, therefore,
the emissions associated with an EZEV should also account for the full fuel-cycle, including
fuel production and marketing emissions. The staff has attempted to account for a
majority of the fuel-cycle emissions of an EZEV by including refueling emissions along with
exhaust and evapor ative emissions in determining compliance with the EZEV certification
standards. However, the staff recognizesthat there are additional fuel-cycle emissions that
occur prior to vehicle fueling, such as emissions associated with fuel production and
transportation. These emissions are very difficult to quantify. The ARB staff hasa
contract with Acurex Environmental Corporation to evaluate the full fuel-cycle emissions
for several different fuels. A final report isexpected in Fall 1995. Once theresultsof this
report are available, the staff may modify the current proposal to requirethat EZEVs
account for fuel-cycle emissionsthat occur prior to vehicle fueling. Power plant fuel
production and transportation emissions would also need to be added to the EZEV
certification standards.

0 EZEV durability requirement

One of the significant benefits of electric vehiclesisthat they do not experience
deterioration of an emissions control system--they ar e zer o-emission vehicles throughout
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the vehicle life. Because manufacturerswould be allowed to use EZEVsto satisfy their
ZEV requirement, the EZEV must provide an equivalent air quality benefit. If the
emissions from an EZEV wereto increase beyond the original certification standards over
time, the vehicle would no longer provide the same air quality benefitsasa ZEV. In order
to ensurethat the EZEV emissions remain compar able to the emissions associated with an
EV throughout the vehicle'slife, the staff proposes that the emissionsremain at or below
the EZEV certification standard for the entirelife of the vehicle. Vehicles certifyingtothe
EZEV standard would be required to demonstrate compliance up to 100,000 miles on the
vehicle engine or APU. In-use vehicletesting would be used to deter mine compliance with
thisrequirement throughout the vehiclelife. EZEVsthat exceed the certification standards
at any point in thelife of the vehicle would be subject torecall. If aHEV that iseligibleto
certify tothe EZEV standard is designed to operate on stored battery power for a
significant portion of the total vehicle miles, the manufacturer may petition the Executive
Officer to reduce the certification demonstration requirement to a level below 100,000
miles. However, in no case shall the certification demonstration requirement be lessthan
50,000 miles.

0 RECLAIM

The SCAQMD's RECLAIM program requiresthat power plantsin the SCAB
significantly reduce emissions of NOx through 2010. In order to achieve these reductions,
utilities may apply emission control equipment to their facilities or purchase RECLAIM
Trading Credits (RTCs) from other companiesthat reduce emissions beyond what is
required. Intheir analysis, the CEC staff used emission factorsthat were provided by
utilitiesfor the Electricity Report 94 (ER94). Thisinformation indicated that Southern
California Edison (SCE) and L os Angeles Department of Water and Power (LADWP) plan
to apply emission control equipment to some of their facilitiesto meet their RECLAIM
requirements. However, in many of the EV scenariosthat were evaluated by the CEC
staff, theresultsindicate that RECLAIM allotmentswould be exceeded. In practice, once
utilitiesreach their RECLAIM allotments, they will need to either apply additional
emission controls or purchase RTCsin order to expand production. The CEC staff did not
attempt to predict the manner in which a utility will choose to comply with RECLAIM. As
aresult, the EV emission rates may overestimate the overall emissionsimpact associated
with EVsin the SCAB.
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V. PROPOSED AMENDMENTSTO PROVIDE PARTIAL ZEV CREDIT FOR
HYBRID-ELECTRIC VEHICLES

The staff also proposesto allow partial ZEV credit for HEVsthat have a significant
all-electric range. The proposed amendments acknowledge the fact that such HEVs
perform as electric vehiclesfor much of their operation. To ensurethe greatest use of all-
electric operation possible, and to limit the amount of emissions during APU oper ation, the
proposal requiresthat:

0 thevehicle's APU must be certified to the ULEV emission standards

o thevehicle'stotal emissions, including exhaust, evapor ative and refueling
emissions, do not exceed the certification standards

0 thevehicle must have a minimum 30 mile all-electric range

A HEV that isdesigned to operate on battery power for a significant number of
miles can be viewed as operating asan ZEV during those all-electric miles. However, the
staff is concerned that significant uncertainty exists regarding the operator's actual use of
the vehicle. 1deally, the operator would charge the vehicle overnight. In actuality,
however, the vehicle operator may neglect to recharge the batteries over night, ther eby
relying on APU power thefollowing day. Asthe vehicle ages, the operator could decideto
forego the expense of replacing the battery pack when it isno longer capable of carrying a
full charge. The vehiclewould then provide a significantly reduced all-electric range and in
some cases may operate on APU power alone. The staff hasincorporated a safety factor in
the proposed ZEV credit amountsto account for these uncertainties. Alternatively, a
manufacturer could apply technological safeguardsto reduce the level of uncertainty in
actual vehicle operation. Under this proposal, such an alter native approach would haveto
be submitted to the Executive Officer for approval.

A. Vehicle Requirements

The following describes the staff's proposed requirements that must be met in order
for aHEV to beé€ligibletoreceive partial ZEV credit.

Auxiliary Power Unit Emission Standards

The staff proposesthat in order to qualify for partial ZEV credit, a HEV must
employ an APU that is certified to the ULEV emission standards. Theregulations
currently allow a HEV to receive additional NMOG credit aslong asthe vehiclesAPU is
certified to either the TLEV, LEV, or ULEV standard. However, the staff does not believe
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it isappropriateto grant partial ZEV credit for aHEV unlessit meetsthe most stringent
emissions standard when operating on the APU.

Aswith therequirementsfor EZEV certification, HEVs earning partial ZEV credit
would berequired to demonstrate that the vehicle' s total emissions, including exhaust,
evapor ative and refueling emissions, do not exceed the certification standards over a
100,000-mile life. Thisrequiresthat the APU meet standardsthat are more stringent than
the ULEV emissionsrequirements. However, in-use vehicle testing would be used to
deter mine compliance with the certification standards throughout the life of the vehicle.
Vehiclesthat exceed the certification standards would be subject torecall. The vehicle
would also berequired to employ an on-board diagnostic system, and would be subject to
inspection and maintenance requirements. A manufacturer may petition the Executive
Officer to reduce the certification demonstration requirement to a level below 100,000 miles
if the manufacturer can demonstrate that the APU will accumulate significantly less than
100,000 miles over the vehicle life. However, in no case shall the requirement be below
50,000 miles. The APU must also meet the general requirementsfor cold temperature
exhaust carbon monoxide and the 50° F emission test requirementsfor NMOG, NOx and
CO.

Minimum Range Reguirement

The staff proposes that to qualify for partial ZEV credit, a HEV must have a
minimum all-electric range of 30 miles. The staff based this value on a study entitled
" State of the Commute 1994" * by Commuter Transportation Services, Inc. in Los Angeles,
which provides an estimate of the average round-trip commute distance in the Los Angeles
area. Thestudy found that the average daily round-trip commute was 33 milesin 1994.
The staff believesthat requiring a 30 mile all-electric range will provide ZEV credit to those
HEV s capable of meeting the majority of the daily commute requirements of the average
person while in battery-only operation. If the minimum range requirement wer e lower
than 30 miles, the staff believesthat a significant number of trips would be made on APU
power alone. Whileit may betheoretically possible for a HEV with a very short all-electric
range to complete many short tripsin the all-electric mode, the staff believesthat it is
unlikely that a HEV would be recharged frequently throughout the day. Asaresult, the
amount of mileage that a HEV with a very short all-electric range would be used asa pure
electric vehicle would be significantly less than the actual mileage associated with all short
trips.

B. Calculation of ZEV Credit
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The following section describes the methodology the staff used to calculate the
amount of ZEV credit a HEV would be eligible to receive under the proposal. The
methodology would requir e that:

o theamount of ZEV credit be determined based on the vehicle's all-electric range
0 asafety factor be applied to account for uncertaintiesin actual use patterns

Per cent of Vehicle Miles Traveled Accommodated in the All-Electric M ode

Theamount of ZEV credit that aHEV ULEV could receiveisrelated to the
per centage of vehicle milestraveled (VMT) that the vehicle is capable of accommodating in
the all-electric mode. To estimate the percent of daily VMT that could be accommodated
in the all-electric mode, survey data regarding the distribution of daily VM T must be
compared to the all-electric range of the HEV. The staff proposesto use both the United
States Department of Transportation's 1990 Nationwide Per sonal Transportation Survey?
and the 1994 State of the Commute Survey to estimate daily travel patterns. Information
from the two surveys was used to estimate the per centage of VMT that a HEV could
accommodate using battery operation only. The estimatesare presented in Tablel11-5. As
shown in the Table, an estimated 68 percent of all travel could be met with a HEV capable
of 30 miles of all-electric range under optimal conditionsand use. A HEV capable of 90
miles all-electric range could be used for an estimated 88 percent of all travel.

TABLE I11-5
Percent of VM T Potentially Accommodated in HEV All-Electric Mode
All-Electric Range Percent of VMT
(miles)
30 68
40 /5
50 79
60 83
70 85
80 86
90 88
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Application of the Safety Factor

Ideally, to confirm that HEV technologies will yield real and quantifiable emission
benefits, the ARB would assess and demonstrate HEV s through real-world testing and
develop information on how the vehicleswould be used. However, dueto alack of vehicles,
thereislittle real-world experience with the design and operation of HEVs that might
qualify for ZEV credit. It hasbeen suggested that the amount of ZEV credit be equal to
the maximum theor etical mileage that could be operated on electric power (using aver age
trip-length data from the Nationwide Per sonal Transportation Survey). Dueto
unquantified human behavior and vehicle technology elements, such as neglecting to plug
in the vehicle or delaying replacement of deteriorating batteries, a safety factor must be
included to account for non-optimum use of the APU. Moreover, until HEVsare available
and in-use data is obtained, it isnot possible to accurately predict driving patterns and
charging patterns, and thusthe associated emissions benefits from HEVs. Consequently,
the staff believesthat it isappropriate to include a 0.5 safety factor to account for these
uncertainties.

Toreceiveany ZEV credit, the vehicle design must include mechanismsto ensure
that the battery would be recharged from the wall plug instead of the APU. Thisis
necessary to ensur e that the battery energy needed to provide the certified all-electric range
of the vehicle can not simply be generated using APU power. If thisbattery energy were
generated by the APU, the HEV would not be equivalent to a pure EV while operating in
the all-electric mode.

The staff proposes a mechanism to allow manufacturersto reduce or eliminate the
application of the safety factor through the use of technological safeguards. To qualify for
an exemption, at a minimum, the ARB staff would expect that the vehicle design prevent
the APU from being operated manually, used to meet high-load conditions, or used to
oper ate accessories. Furthermore, the vehicle design should require the owner to replace
the battery pack onceit hasreached its end of life. The manufacturer would beresponsible
for providing information and petitioning the ARB's Executive Officer to eliminatethe
safety factor on a case-by-case basis.

Proposed Credit Values

Tablell1-6 providesa summary of both the NMOG and ZEV creditsthat may be
generated by HEVs meeting the above requirements. Given the uncertainty in actual HEV
oper ation, the proposed credit ratios are based on the value at the low-end of each range.
That is, for aHEV capable of an all-electric range between 40 and 49 miles, the proposed
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amendments would provide the vehicle with 75 percent the ZEV credit of a pure electric
vehicle. Thisvalueisthe estimated percentage of VMT that a HEV with a 40 milerange
could conceivably accommodate with battery-only operation.

The amount of credit isdifferent for threetypes of vehicles: Type 1, Type 2, and
Type 3. The Type 1 category refersto those hybrid ULEVsthat are certified having
technological safeguards (approved by the ARB's Executive Officer), to eliminate the safety
factor. Type 2 hybrid ULEVs meet the samerequirementsasfor Type 1. However, this
class of vehicle does not include technological safeguardsto ensure optimal zer o-emission
use. Asaresult, Type 2 hybrid ULEVsare subject to application of the 0.5 safety factor
and therefore would receive half the ZEV credit provided the Type 1 hybrid ULEVs. Type
3refersto HEVs employing an APU certified to either the TLEV or LEV standards. These
vehicles do not meet therequirementsfor ZEV credit, but will continueto be eligible for
extraNMOG credits. For ULEV HEVs having a range of lessthan 30 miles, no ZEV credit
would be granted and the NMOG credit would remain at the level of the ULEV emission
standards. The proposal also redefines the existing nomenclature for the various range
categories. Category A now referstoa HEV capable of between 30 to 39 miles of all-
electricrange. Category B referstoa HEV capable of between 40 to 49 miles. A total of
seven range categories would replace the three now included within the regulations.

TABLE I11-6

Proposed Credit Ratiosfor HEVswith Significant All-Electric Range

HEV All- Type 1 ULEV Type2 ULEV

Category Electric
'(?a_rl‘ge)l NMOG ZEV NMOG ZEV
miles i (Credit i (Credit
(g/mi) Multiplier) (g/mi) Multriplier)

AA 0-29 0.04 0 0.04 0
A 30-39 0.04 0.68 0.04 0.34
B 40 - 49 0.03 0.75 0.03 0.37
C 50-59 0.03 0.79 0.03 0.39
D 60 - 69 0.02 0.83 0.02 0.41
E 70-79 0.02 0.85 0.02 0.42
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|| F 80 - 89 0.01 0.86 0.01 0.43 ||

" G > 90 0.01 0.88 0.01 0.4 ||

It has been suggested that any amendmentsto provide ZEV credit do so for every
additional mile of electric range. That is, a manufacturer would receive more ZEV credit
for producing a vehicle with a 53 mile all-electric range than for producing a vehicle with a
52 mile all-electricrange. Thereare several reasonsfor not providing a continuum of ZEV
credit. First, thevaluesfor ZEV credit are based on the transportation survey infor mation
that summarizesthetravel patternsand habits of people using conventional gasoline-
powered vehicles. It isextremely uncertain exactly how hybrid-electric vehicles will be
used. Until HEVsare available and in-use data is obtained, it isimpossible to accur ately
predict the driving patterns of individuals using these vehicles.

Second, the vehicle'srange will decrease asthe vehicle' s battery pack ages. Asan
example, a vehicle may be certified having an all-electric range of 50 miles. Asthe battery's
ability to store energy deteriorates, thisrange will decrease. Sincethe end of battery lifeis
expected to be at 80 percent of original capacity, thisHEV could continue to be used until
itsrangeisonly 40 miles.

Third, theincremental benefit for each mile of additional range over 40 milesis
fairly small. Asmentioned above, a vehicle with an all-electric range of 40 miles could,
under ideal conditions, be used for 75 percent of all VMT in the battery-only mode. This
per centage slowly increasesto just over 85 percent at 90 miles of all-electric range. For
these reasons, the staff proposes providing additional credit at every 10 mile increment
between 30 and 90 miles of all-electric range.

C. TheRelationship Between ZEV and NMOG Credits

The amendments proposed in this package are primarily for the purposes of
deter mining the amount, if any, of ZEV credit that a HEV could receive. The proposed
amendments do have some impact on the existing calculation of additional NMOG credits
for HEVsnot meeting the ZEV requirements. Because the staff proposesto establish
categoriesin 10-mile all-electric range incrementsfor HEV ULEVS, new classificationsare
also needed for HEVswith APUs meeting TLEV and LEV emission standards.

Tablell1-7 summarizes the proposed NM OG credits that would be granted to HEV's
using APUsthat have been certified to either the TLEV or LEV standard. As mentioned
above, these vehiclesare not eigibleto receive ZEV credit. The staff proposes, however, to
provide additional NM OG credit for HEV's capable of at least 80 miles of all-electric range
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beyond what is currently provided in theregulationsfor TLEV and LEV hybrids. The
staff proposes that the NMOG credit valuesin Tablel11-7 replace the existing NMOG
credits.
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TABLE I11-7
Proposed Categoriesfor TLEV, LEV, and ULEV Hybrids

HEV All-Electric | Type 3 ||
Category Range
TLEV NMOG LEV NMOG ULEV
Credit (g/mi) Credit (g/mi) NMOG
Credit (g/mi)
AA <30 0.125 0.075 0.040
A 30-39 0.125 0.075 0.040
B 40 - 49 0.113 0.066 0.030
C 50 - 59 0.113 0.066 0.030
D 60 - 69 0.100 0.057 0.020
E 70-79 0.100 0.057 0.020
F 80 -89 0.085 0.050 0.010
G >90 0.085 0.050 0.010

V. ISSUESRELATED TO TEST PROCEDURES

Test proceduresto evaluate APU emissions and all-electric range are needed to
deter mine compliance with the standar ds proposed by the staff. The current test
procedures to determine APU emissions and all-electric range wer e intended to be
representative of all emission profiles and to be as consistent as possible with the test
proceduresfor conventional vehicles. However, the LEV regulations were adopted in 1990,
when fewer HEV design options wer e being considered. Consequently, the current test
procedures may not adequately address all testing issues that could arise.

In 1992, the Society of Automotive Engineersformed a HEV task force, comprised
of representatives from the automotive industry, the United States Environmental
Protection Agency, and other interested parties, to develop a HEV test procedurethat best
quantifiesHEV emissions and fuel economy. The task force hasrecently produced a draft
test procedurethat classifiesHEVsinto four categories based on a combination of all-
electric range capability and the hybrid-mode charging characteristic of the vehicle. The
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task forceiscurrently investigating modificationsto this method that would shorten and
simplify the procedure without comprimising accuracy. The ARB staff will draw on
information from the task force when amending the current test methods.

The basic elements of the ARB'scurrent HEV test procedure consists of an all-
electric range test, an exhaust emissions test conducted during the auxiliary power unit
mode, and an evapor ative emissionstest. After reviewing the existing HEV test
procedures, the ARB staff has concluded that thetest procedureis still relevant and
adequate for testing virtually all types of hybrid designs with relatively minor
modifications. Appendix D discussesin more detail the minor modifications being
considered by the staff to improve upon the current procedures.
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APPENDIX A

PROPOSED AMENDMENTSTO THE CALIFORNIA EXHAUST EMISSION
STANDARDS AND TEST PROCEDURES FOR 1988 AND SUBSEQUENT MODEL
PASSENGER CARS, LIGHT-DUTY TRUCKS, AND MEDIUM-DUTY VEHICLES
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State of California
AIR RESOURCESBOARD

PROPOSED

CALIFORNIA EXHAUST EMISSION STANDARDS
AND TEST PROCEDURES FOR 1988
AND SUBSEQUENT MODEL PASSENGER CARS,
LIGHT-DUTY TRUCKS, AND MEDIUM-DUTY VEHICLES

Adopted: May 20, 1987
Amended: December 20, 1989
Amended: January 22, 1990
Amended: December 26, 1990
Amended: July 12, 1991
Amended: August 12, 1992
Amended: October 23, 1992
Amended: May 28, 1993
Amended: September 17, 1993
Amended: September 22, 1993
Amended: September 22, 1994
Amended:

Amended:

NOTE: Theregulatory amendments proposed for thisworkshop are shown in underlineto
indicate additions and strikeeut to indicate deletions from the version of the test
procedur es adopted on September 22, 1993. On September 28, 1995 the ARB will conduct
a public hearing to consider proposed modificationsto thetest proceduresaspart of the
medium-duty vehicle rulemaking. For that rulemaking, added text areidentified herein by
italics; deletions ar e shown in Halicized-strikeout.

The numbering convention employed in thisdocument, in order of priority, is. l.a.1li.A.
Any references within specific sectionsin the Code of Federal Regulations are denoted in
order of priority as: (a)(1)(i)(A) - the same numbering system employed in the Code of
Federal Regulations.
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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES
FOR 1988 AND SUBSEQUENT MODEL
PASSENGER CARS, LIGHT-DUTY TRUCKSAND MEDIUM-DUTY VEHICLES

The provisions of Subparts A, B, and C, Part 86, Title 40, Code of Federal
Regulations as set forth in Appendix I, to the extent they pertain to Passenger Cars,
Light-Duty Trucks and Medium-Duty Vehicles, are hereby adopted as the California
Exhaust Emission Standards and Test Proceduresfor 1988 and Subsequent M odel
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles, with the following
exceptions and additions.

1. Applicability

No Change
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2. Definitions

a. "Administrator”" meansthe Executive Officer of the Air Resour ces Board
(ARB).
Bd. " Alcohol fue" meanseither methanol or ethanol asthose terms are defined

in thesetest procedures.

Aw. "All-Electric Range Test" means atest sequence used to determinethe range
of an electric vehicle or of a hybrid electric vehicle without the use of its auxiliary
power unit. The All-Electric Range Test cycle consists of alternating the Highway
Fuel Economy Schedule and the Urban Dynamometer Driving Schedule (see 9.f. of
these test procedures).

At " Battery assisted combustion engine vehicle" means any vehicle which allows
power to be delivered to the driven wheels solely by a combustion engine, but which
uses a battery pack to store energy which may be derived through remote charging,
regener ative braking, and/or a flywhedl energy storage system or other meanswhich
will be used by an electric motor to assist in vehicle operation.

As. " Battery pack” meansany electrical energy storage device consisting of any
number of individual battery modules which isused to propel eectric or hybrid
electric vehicles.

" Category" means a hybrid-€electric vehicle certified to the ULEV exhaust
emissions standar ds with a range as determined by the All-Electric Range Test,
while maintaining the specified speed and time requirements throughout the test
and without use of the auxiliary power unit, as defined by the following table:

Category All-Electric Range
AA <29
A 30-39
B 40-49
C 50-59
D 60-69
E 70-79
E 80-89
G >90
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b. " Certificate of Conformity" means Executive Order certifying vehiclesfor
salein California.

€. "Certification" means certification as defined in Section 39018 of the Health
and Safety Code.

Ap. "Certification level" meansthe official exhaust or evaporative emission result
from an emission-data vehicle which has been adjusted by the applicable mass
deterioration factor and is submitted to the Executive Officer for usein determining
compliance with an emission standard for the purpose of certifying a particular
engine family. For those engine families which are certified using reactivity
adjustment factor s developed by the manufacturer pursuant to Appendix VIII of
these test procedures, the exhaust NM OG certification level shall include
adjustment by the ozone deterioration factor.

m. " Continually regenerating trap oxidizer system” meansa trap oxidizer
system that does not utilize an automated r egener ation mode during normal driving
conditionsfor cleaning thetrap.

Am. " Conventional gasolin€" means any certification gasoline which meetsthe
specifications of 40 CFR 86.113-90(a), including the specifications of (a)(1)(i) but
excluding the specifications of (a)(1)(ii) asamended by Section 9.a.1. of these test
procedures. For the purpose of deter mining the ozone-for ming potential of
conventional gasoline vehicle exhaust emissions, gasoline meeting the specifications
of Appendix V111, note (9) of these test procedures shall be used.

Bb. "Dedicated Ethanol Vehicle" means any ethanol-fueled motor vehiclethat is
engineer ed and designed to be oper ated solely on ethanal.

. " Dedicated Methanol Vehicle" means any methanol-fueled motor vehicle
that is engineered and designed to be operated solely on methanol.

Ax. " Defeat Device' meansan auxiliary emission control device (AECD) that
reduces the effectiveness of the emission control system under conditions which may
reasonably be expected to be encountered in normal vehicle operation and use,
unless (1) such conditions are substantially included in the Federal emission test
procedure, (2) the need for the AECD isjustified in terms of protecting the vehicle
against damage or accident, or (3) the AECD does not go beyond the requirements
of engine starting.

V. " Diesal-cycle" means powered by an engine where the primary means of

controlling power output is by limiting of the amount of fuel that isinjected into the
combustion chamber s of the engine.
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Ak. "Diesd Engine’ meansany engine powered with diesel fuel, gaseous fuel,
ethanol-er-methanel or alcohol fuel for which diesel engine speed/torque
characteristics and vehicle applications areretained.

Aa. " Dual-fuel vehicle' meansany motor vehiclethat isengineered and designed
to be capable of operating on gasoline or diesel and on compressed natural gasor
liquefied petroleum gas, with separate fuel tanks for each fuel on-board the vehicle.

Af. " Electric vehicle' means any vehicle which operates solely by use of a battery
or battery pack. Thisdefinition also includes vehicles which are powered mainly
through the use of an electric battery or battery pack, but which use a flywheel that
stores energy produced by the electric motor or through regenerative braking to
assist in vehicle operation.

Ay. " Element of Design" meansany control system (i.e.,, computer software,
electronic control system, emission control system, computer logic), and/or control
system calibrations and/or the results of systems interaction, and/or hardwar e items
on a motor vehicle or motor vehicle engine.

Be.  "Ethanol" meansany fuel for motor vehiclesand motor vehicle engines that
iscomposed of either commercially available or chemically pure ethanol
(CH,CH,OH) and gasoline as specified in section 9.a. (Fuel Specifications) of these
test procedures. Therequired fuel blend is based on the type of ethanol-fueled
vehicle being certified and the particular aspect of the certification procedure being
conducted.

Ba. " Ethanol vehicle" meansany motor vehicle that is engineered and designed
to be operated using ethanol as a fuel.

" Equivalent Zero-Emission Vehicle" or "EZEV" means any vehicle which is
certified to the EZEV exhaust emission standards.

AL——"Fuel fired heater" meansa fuel burning device which creates heat for the
purpose of warming the passenger compartment of a vehicle but does not contribute
to the propulsion of the vehicle.

—+t " Fuel-Flexible Vehicle" or " FFV" means any methanol-fueled or
ethanol-fueled motor vehicle that isengineered and designed to be operated using
any gasoline-methanol or gasoline-ethanol fuel mixture or blend.

k. " Gaseous fuels' meansliquefied petroleum gas, compressed natural gas, or
liquefied natural gasfuelsfor usein motor vehicles.

e " Heavy-duty engine" means an engine which isused to propel a heavy-duty
vehicle.
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£. " Heavy-duty vehicle' means any motor vehicle having a manufacturer's
gross vehicle weight rating greater than 6000 pounds, except passenger cars.

A "Hybrid electric vehicle" or "HEV" means any vehicle which isincluded in
the definition of a " series hybrid electric vehicle", a" parallel hybrid electric
vehicle", or a" battery assisted combustion engine vehicle".

y. "Incomplete vehicle" means any vehicle which does not havethe primary
load carrying device or container attached. In situations whereindividual

mar keting relationships makes the status of the vehicle questionable, the Executive
Officer shall determine whether a specific model complies with the definition of
incomplete vehicle.

Az.  "Intermediate Temperature Cold Testing" meanstesting done pursuant to
the driving cycle and testing conditions contained in 40 CFR Part 86 Subpart C, at
temper atures between 25° F (-4° C) and 68° F (20° C).

Ae. "Intermediate volume manufacturer” isany vehicle manufacturer with
California sales between 3,001 and 35,000 new light- and medium-duty vehicles per
model year based on the average number of vehicles sold by the manufacturer each
year from 1989 to 1993; however, for manufacturers certifying for thefirst timein
California, model year sales shall be based on projected California sales.

g "Light-duty truck" or "LDT" meansany motor vehicle, rated at 6000
pounds gross vehicle weight or less, which isdesigned primarily for purposes of
transportation of property or isa derivative of such a vehicle, or isavailable with
gpecial features enabling off-street or off-highway operation and use.

" Loaded Vehicle Weight" or "LVW" means the vehicle curb weight plus 300
pounds.

Ae.  "Low-emission vehicle" or "LEV" meansany vehicle certified to low-
emission standards.

h. "Medium-duty vehicle" or "MDV" meansany pre-1995 model year
heavy-duty vehicle having a manufacturer's gross vehicle weight rating of 8,500
poundsor less, any 1992 and subsequent model-year heavy-duty low-emission,
ultra-low-emission, or zero-emission vehicle having a manufacturer's gross vehicle
weight rating of 14,000 pounds or less, or any 1995 and subsequent model year
heavy duty vehicle having a manufacturer's gross vehicle weight rating of 14,000
poundsor less.

Be. "Methane Reactivity Adjustment Factor" means a factor applied to the mass
of methane emissions from natural gas fueled vehiclesfor the purpose of
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deter mining the gasoline equivalent ozone-for ming potential of the methane
emissions.

F. "Methanol" means any fuel for motor vehicles and motor vehicle engines
that is composed of either commer cially available or chemically pure methanol
(CH40OH) and gasoline as specified in section 9.a. (Fuel Specifications) of these
procedures. Therequired fuel blend isbased on the type of methanol-fueled vehicle
being certified and the particular aspect of the certification procedure being
conducted.

S. "Methanol vehicle' meansany motor vehiclethat isengineered and designed
to be operated using methanol as a fuel.

Bf. "Natural gas’ meanseither compressed natural gas or liquefied natural gas.

Bg. " Natural gasvehicle' meansany motor vehiclethat is engineered and
designed to be operated using either compressed natural gas or liquefied natural
gas.

2. "Non-methane organic gas' (or "NMOG") meansthe sum of non-

oxygenated and oxygenated hydrocarbons contained in a gas sample as measured in
accor dance with the " Califor nia Non-M ethane Organic Gas Test Procedures’ as

adopted July 12, 1991 and last amended -September22,-1993

A. " Non-regener ation emission test” means a complete emission test which does
not include a regeneration.

*. "Organic Material Hydrocarbon Equivalent" (or "OMHCE") meansthe
sum of the carbon mass contributions of non-oxygenated hydr ocarbons, methanal,
and formaldehyde as contained in a gas sample, expressed as gasoline-fueled vehicle
hydrocarbons. In the case of exhaust emissions, the hydrogen-to-carbon ratio of the
equivalent hydrocarbon is 1.85:1. In the case of diurnal and hot-soak emissions, the
hydr ogen-to-car bon ratios of the equivalent hydrocarbonsare 2.33:1 and 2.2:1,
respectively.

Ar. " Organic material non-methane hydrocarbon equivalent" (or
"OMNMHCE") for methanol-fueled vehicles means the sum of the carbon mass
contribution of non-oxygenated hydrocar bons (excluding methane), methanol, and
formaldehyde as contained in a gas sample, expressed as gasoline-fueled
hydrocarbons. For ethanol-fueled vehicles, " organic material non-methane
hydrocarbon equivalent” (or "OMNMHCE") means the sum of carbon mass
contribution of non-oxygenated hydrocarbons (excluding methane), methanaol,
ethanol, formaldehyde and acetaldehyde as contained in a gas sample, expressed as
gasoline-fueled hydrocarbons.
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W. " Otto-cycle" means powered by an engine where the primary means of
controlling power output isby limiting the amount of air and fuel which can enter
the combustion chamber s of the engine. Gasoline-fueled engines ar e otto-cycle
engines.

Ag. " Ozonedeterioration factor" meansa factor applied to the mass of NMOG
emissionsfrom TLEVS, LEVs, or ULEVswhich accountsfor changesin the
ozone-forming potential of the NM OG emissions from a vehicle as it accumulates
mileage.

Ah. "Paralle hybrid electric vehicle® means any vehicle which allows power to be
delivered to the driven wheels by either a combustion engine and/or by a battery
powered eectric motor.

d. " Passenger car” or "PC" meansany motor vehicle designed primarily for
transportation of persons and having a design capacity of 12 personsor less.

3 " Periodically regenerating trap oxidizer system" meansa trap oxidizer
system that utilizes, during normal driving conditions for cleaning thetrap, an
automated regener ation mode which can be easily detected.

An.  "Reactivity adjustment factor" or " RAF" meansa fraction applied to the
mass of NMOG emissions from a vehicle powered by a fuel other than conventional
gasoline for the purpose of deter mining a gasoline-equivalent NM OG emission
value. Thereactivity adjustment factor is defined as the ozone-for ming potential of
the exhaust from a vehicle powered by a fuel other than conventional gasoline
divided by the ozone-for ming potential of conventional gasoline vehicle exhaust.

k. " Regeneration” means the process of oxidizing accumulated particulate
matter. It may occur continually or periodically.

o. " Regeneration emission test” means a complete emission test which includes
aregeneration.

P. " Regeneration interval" meanstheinterval from the start of a regeneration
to the start of the next regeneration.

Ag. " Serieshybrid electric vehicle' means any vehicle which allows power to be
delivered to the driven wheels solely by a battery powered electric motor, but which
also incor por ates the use of a combustion engine to provide power to the battery
and/or electric motor.

" Super-Low-Emission Vehicle" or " SLEV" means any medium-duty vehicle
certified to super low-emission standards.
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Ab.  "Trandstional low-emission vehicle" or " TLEV" means any vehicle certified
to transitional low-emission standards.

}. "Trap oxidizer system" means an emission control system which consists of a
trap to collect particulate matter and a mechanism to oxidize the accumulated
particulate.

"Typel HEV" meansahybrid electric vehicle that is certified to the ULEV
exhaust emission standards, including evapor ative and fuel marketing emissions, has
aall-electric range corresponding to Category A, B, C, D, E, F or G and has been
determined by the Executive Officer to employ adequate technological safequardsto
maximize all-electric operation.

"Type2 HEV" meansahybrid eectric vehiclethat is certified to the ULEV
exhaust emission standards, including evapor ative and fuel mar keting emissions,
and has a range corresponding to Category A, B, C. D, E, For G.

"Type3HEV" meansahybrid eectric vehiclethat is certified tothe TLEV,
LEV or ULEV exhaust emission standards and has a range corresponding to
Category AA,A.B,C, D, E,For G.

Av. "TypeC€3Category AA hybrid electric vehicle" meansa hybrid electric
vehicle which achieves arange of 0to 329 milesin the All-Electric Range Test, while
maintaining minrtmal the specified speed and time requirements throughout the test
and without use of the auxiliary power unit, or which has been designated by the
manufacturer as having arange of lessthan 430 mileswithout the use of the
auxiliary power unit. This definition shall also apply to any hybrid electric vehicle
which allows the operator to control the time or mode of operation of the auxiliary
power unit either directly or indirectly (with the exception that a mechanism which
allowsthe operator only to shut off the auxiliary power unit is permissible for
Category A, B, C, and D HEVs), to any hybrid electric vehicle which can be

oper ated solely through the use of the auxiliary power unit, to any hybrid electric
vehicle which utilizes a climate control system that cannot be operated without using

the auxiliary power unit, and-al-other-types-of-hybrid-electric-vehicles-excluding
hvbrid o e vehicles.
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Ad. " Ultra-low-emission vehicle" or "ULEV" means any vehicle certified to
ultra-low emission standards.

qg. "Useful Life" meansa period of use denoted by the emission standardsto
which a given vehicleiscertifying. For those light-duty and medium-duty vehicles
certified to optional 100,000 mile standards and those 1993 and subsequent vehicles
certified to 100,000 mile emission standar ds, and those transitional low-emission,
low-emission, and ultra-low-emission vehicles, including hybrid electric vehicles,
certified to 100,000 mile emission standards, the useful life shall be 10 years or
100,000 miles, whichever first occurs. For 1995 and subsequent medium-duty
vehicles and medium-duty low-emission and ultra-low emission vehicles certified to
120,000 mile emission standards, the useful life shall be 11 yearsor 120,000 miles,
whichever first occurs. For light-duty and medium-duty vehicles, certified only to
50,000 miles, the useful life shall be 5 years or 50,000 miles, whichever first occurs.

Ae. "Zero-emission vehicle' or "ZEV" meansany vehicle which is certified by
the Executive Officer to produce zer o emissions of any criteria pollutants under any
and all possible operational modes and conditions. Incorporation of a fuel fired
heater shall not preclude a vehicle from being certified asa ZEV provided the fuel
fired heater cannot be operated at ambient temperatures above 40° F and the heater
isdemonstrated to have zer o evapor ative emissions under any and all possible

oper ational modes and conditions.
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3. Standards

The following standar ds represent the maximum pr ojected exhaust emissions for the
useful life of the vehicle.

[No Change]
[No Change]
[No Change]
[No Change]
[No Change]
[No Change]

~pooTe
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g. The exhaust emissions from new 1992 and subsequent model-year
transitional low-emission vehicles, low-emission vehicles-and ultra-low-emission vehicles
and equivalent zer o-emission vehicles shall not exceed:

EXHAUST MASSEMISSION STANDARDS
FOR TRANSITIONAL LOW-EMISSION VEHICLES, LOW-EMISSION VEHICLES,
AND ULTRA-LOW-EMISSION VEHICLES_AND EQUIVALENT
ZERO-EMISSION VEHICLESIN PASSENGER CAR AND LIGHT-DUTY TRUCK
VEHICLE CLASSES®"8910
[" grams per mile" (or "g/mi")]

L oaded Durability  Vehicle
Vehicle Vehicle Vehicle Emission Non-Methane Carbon  Oxidesof
Type! Weight (Ibs) Basis (mi) Category Organic Gases** Monoxide Nitrogen®

PC and All 50,000 TLEV ~ 0.125(0.188) 3.4(34) 0.4(0.4)
LDT 0-3750 LEV 0.075(0.100) 3.4(3.4) 0.2(0.3)
ULEV ~ 0.040(0.058) 1.7(26) 0.2(0.3)
EZEV  0.004 0.17 0.02
100,000 TLEV ~ 0.156 4.2 0.6
LEV 0.090 4.2 0.3
ULEV ~ 0055 2.1 0.3
EZEV  0.004 0.17 0.02
LDT 3751-5750 50,000 TLEV ~ 0.160(0.238) 4.4(44) 0.7(0.7)

LEV 0.100(0.128)  4.4(4.4) 0.4(0.5)
ULEV ~ 0.050(0.075 22(3.3) 04(05)

EZEV  0.004 0.17 0.02

100,000 TLEV ~ 0.200 55 0.9
LEV 0.130 55 05
ULEV  0.070 2.8 05
EZEV  0.004 0.17 0.02

D "PC" means passenger cars.
"LDT" meanslight-duty trucks.
"LVW" means |loaded vehicle weight.
"Non-Methane Organic Gases' or " NMOG" shall mean the total mass of oxygenated
and non-oxygenated hydrocarbon emissions.
2 "TLEV" meanstransitional low-emission vehicle.
"LEV" meanslow-emission vehicle.
"ULEV" means ultra-low-emission vehicle.
"EZEV" means equivalent zer o-emission vehicle.

3 Compllance wrth NMOG Standard —Nen—Methane@rgamc—Gased—(er—NM@G—)

To demonstrate complrance wrth an NM OG standard NM OG emissions shaJI be
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measured in accordance with the " California Non-M ethane Organic Gas Test
Procedures’ asadopted July 12, 1991 and as |last amended

a. Reactivity Adjustment. For TLEVS, LEVs, and ULEVs certlfled to
oper ate on a fuel other than conventional gasoline, including fuel-flexible and
dual-fuel vehicles when certifying on a fuel other than gasoline, manufacturers shall
multiply the exhaust NM OG certification levels by the applicable reactivity
adjustment factor set forth in Section 13 of these test procedures, or established by
the Executive Officer pursuant to Appendix VIII of thesetest procedures. In
addition, natural gas {NG} vehicles certifyingto TLEV, LEV or ULEV standards
shall calculate a reactivity-adjusted methane exhaust emission value by multiplying
the methane exhaust certification level by the applicable methane reactivity
adjustment factor set forth in section 13 of these test procedures. The product of the
exhaust NMOG certification levels and the reactivity adjustment factor shall be
compar ed with the exhaust NM OG mass emission standards established for the
particular vehicle emission category and fuel to deter mine compliance. For NG
natural gas vehicles, the reactivity-adjusted NMOG value shall be added to the
reactivity-adjusted methane value and then compared to the exhaust NMOG mass
emission standar ds established for the particular vehicle emission category to
determine compliance. EZEVsand Type 1 and 2 HEVsare prohibited from
adjusting exhaust NM OG certification levels by the application of areactivity
adjustment factor.

ab.  Fleet Average Requirement. Each manufacturer shall certify PCsor
LDTsto meet the exhaust mass emission standardsfor TLEVS, LEVs, ULEVs, or to
the exhaust emission standar ds of Sections 3.b., 3.e,, or 3.f. of thesetest procedures,
or as Zero-Emission Vehicles such that the manufacturer'sfleet average NMOG
valuesfor California-certified PCsand LDTsfrom 0-3750 Ibs. LVW, and LDTs
from 3751-5750 |bs. LVW produced and delivered for salein California are less than
or equal to therequirement for the corresponding Model Year, Vehicle Type, and
LVW Classin Section 3.h. of these test procedures.

C. Requirementsfor EZEVs, Typel and 2 HEVs. For EZEVS, Typel
and Type 2 HEVs certified to these standards, NM OG shall mean the sum of
exhaust, evapor ative (including hot soak emissions, diurnal emissions, resting losses
and running losses) and fuel marketing emissions. For certification purposes, fuel
mar keting emissions shall be deter mined by the Executive Officer.

4 NMOG Standards for Fuel-Flexible and Dual-Fuel Vehicles. Fuel-flexible and
dual-fuel PCsand LDTsfrom 0-5750 Ibs. LVW shall be certified to exhaust mass
emission standardsfor NMOG established for the operation of the vehicle on an
available fuel other than gasoline, and gasoline as specified in Section 9.a.1. of these
test procedures.

a. Reactivity Adjustment. For TLEVS, LEVs, and ULEVS, when
certifying for operation on a fuel other than gasoline, manufacturers shall multiply
the exhaust NM OG certification levels by the applicable reactivity adjustment
factor. In addition to multiplying the exhaust NMOG certification levels by the
applicable reactivity adjustment factor, NG natural gas vehicles shall multiply the
exhaust methane certification level by the applicable methane reactivity adjustment
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factor and add that valueto the reactivity-adjusted NMOG value. The certification
levelsfor fuel-flexible or dual-fuel vehicles when certifying on gasoline shall not be
multiplied by areactivity adjustment factor.

b. Standards for Operation on Gasoline. For PCsand LDTsfrom 0- 3750
5750 Ibs. LVW, the applicable exhaust mass emission standard for NMOG when
certifying the vehicle for operation on gasoline shall be:

Standards of Fudl-Flexible and Dual-Fuel Vehicles
Operating on Gasoline

Vehicle Weight Emission Durability Vehicle Basis (g/mi)
1ype Lw) Cateqory 50,000 Mile 100,000 Mile
PCs, LDT | All, 0-3750 TLEV 0.25 0.31
LEV 0.125 0.156
ULEV 0.075 0.090
LDT 3751-5750 TLEV 0.32 0.40
LEV 0.160 0.200
ULEV 0.100 0.130

respectively-
(5) Highway NOx Standard. The maximum projected emissions of " Oxides of Nitrogen”
(or "NOx") measured on the federal Highway Fuel Economy Test (HWFET; 40
CFR 600 Subpart B) shall not be greater than 1.33 times the applicable light-duty
vehicle standards shown in thetable. Both the projected emissionsand the HWFET
standard shall be rounded in accordance with ASTM E29-67 to the nearest 0.1 g/mi
before being compared. For EZEVsand all hybrid electric vehicles, the maximum
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projected emissions of NOx measured on the federal Highway Fuel Economy Test
shall not exceed the applicable light-duty vehicle standards shown in the table.

(6) I ntermediate I n-Use Compliance Standards. The standardsin parenthesesare
intermediate in-use compliance standar ds for 50,000 miles. For PCsand LDTsfrom
0-5750 Ibs. LVW, including fuel-flexible and dual-fuel vehicles when operating on an
available fuel other than gasoline, inter mediate in-use compliance standar ds shall
apply to TLEVsthrough the 1995 model year, andto LEVsandULEVsthrough the
1998 model year, and to ULEVsthrough the 2000 model year. |In-use compliance
with standar ds beyond 50,000 miles shall be waived through the 1995 model year for
TLEVSs, and through the 1998 model year for LEVsand and the 2000 model year for
ULEVs.

a. Reactivity Adjustment. For TLEVS, LEVs, and ULEVsdesigned to
oper ate on a fuel other than conventional gasoline, including fuel-flexible and
dual-fuel vehicles when operating on a fuel other than conventional gasoline,
exhaust NMOG emission results shall be multiplied by the reactivity adjustment
factor to determine compliance with inter mediate in-use compliance standar ds for
NMOG. In addition to multiplying the exhaust NMOG emission results by the
applicable reactivity adjustment factor, NG natural gas vehicles shall multiply the
exhaust methane emission results by the applicable methane reactivity adjustment
factor and add that value to the reactivity-adjusted NM OG value.

b. Standards on Gasoline. For fuel-flexible and dual-fuel PCsand LDTs
from 0-3750 5750 |bs. LVW, intermediate in-use compliance standardsfor NMOG
emissions at 50,000 miles when the vehicle is operated on gasoline shall be:

Intermediate Standards for Fuel-Flexible and Dual Fuel Vehicles
Operating on Gasoline
Vehicle Type Weight Emission Dur ability
(LVW) Category Vehicle Basis
(a/mi)
50,000 mi
PCs, LDT All, 0-3750 TLEV 0.32
LEV 0.188
ULEV 0.100
LDT 3751-5750 TLEV 0.41
LEV 0.238
ULEV 0.128
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(7)

(8)

(9)

(10)

Particulate Standard. Manufacturers of diesel vehicles shall also certify to
particulate standards at 100,000 miles. For all PCsand LDTsfrom 0-5750 Ibs, the
particulate standard is 0.08 g/mi, 0.08 g/mi, and 0.04 g/mi for TLEVS, LEVSs, and
ULEVs, respectively. The particulate standard for EZEVs shall be 0.004 g/mi.

50°F Requirement. Manufacturersshall demonstrate compliance with the above
standards for NMOG, carbon monoxide and NOx at 50° F, according to the
procedur e specified in Section 11k of these test procedures. Hybrid-electric-vehicles
ANatural gas and diesel-fueled vehicles shall be exempt from 50° F test requirements.
Limit of In-Use Testing. In-use compliance testing shall be limited to vehicles with
fewer than 75,000 miles. EZEVsand Type 1 and 2 HEVs shall be subject to in-use
compliance testing for_the full life of the vehicle.

HEV Requirements.

(a) Deterioration factorsfor hybrid electric vehicles shall be based on the
emissions and mileage accumulation of the auxiliary power unit. Eor certification
purposesonly, deterioration factorsfor EZEVsand Typel and 2 HEV ULEVsshall
be calculated for 100,000 miles of auxiliary power unit oper ation.

(b) Compliance with Standards. For certification purposesonly, TypeA 3
Category D, E, F, and G hybrid electric vehicles shall demonstrate compliance with
50,000 mile emission standar ds (using 56,000-mile deterioration factors derived from
50,000 mile durability testing), and demonstrating compliance with 100,000 mile
emission standards shall not berequired. For certification purposesonly, Type B3
Category B and C hybrid electric vehicles shall demonstrate compliance with 50,000
mile emission standar ds (using 56,000-mHe deterioration factors derived from 50,000
mile durability testing) and 100,000 mile emission standar ds (using 75,000-mie
deterioration factorsderived from 75,000 mile durability testing). For certification
purposesonly, Type €3 Category AA and A hybrid electric vehicles shall
demonstrate compliance with 50,000 mile emission standar ds (using 56,000-mHe
deterioration factorsderived from 50,000 mile durability testing) and 100,000 mile
emission standar ds (using 100,000-mHe deterioration factors derived from 100,000
mile durability testing). EZEVsand Type 1 and 2 HEVsshall demonstrate
compliance with 50,000 mile emission standards (using deterioration factors derived
from 50,000 mile durability testing) and 100,000 mile emission standards (using
deterioration factorsderived from 100,000 mile durability testing).

(c) Vehiclescertifying as Type 1 HEVs must petition the Executive Officer
and provide evidence to demonstrate that the vehicle design maximizes all-electric
oper ation and employs technological safequardsto avoid full-time auxiliary power
unit operation should the electric drive system become inoper ative for_any reason
(eq., failureto recharge, deterioration of the battery pack, electric motor failure,

etc).
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h. The fleet aver age non-methane or ganic gas exhaust mass emission values
from the passenger carsand light-duty trucks produced and delivered for salein California
by a manufacturer each model year shall not exceed:

FLEET AVERAGE NON-METHANE ORGANIC GASEXHAUST MASSEMISSION
REQUIREMENTSFOR LIGHT-DUTY VEHICLE WEIGHT CLASSES (7)(8)(9)
[grams per mile" (or "g/mi")]

L oaded Dur ability Fleet Average

Vehicle Vehicle Vehicle M odel Non-Methane
Type! Weight (Ibs.) Basis (mi)’ Year Organic Gases>3456
PC and All 50,000 1994 0.250
LDT 0-3750 1995 0.231

1996 0.225

1997 0.202

1998 0.157

1999 0.113

2000 0.073

2001 0.070

2002 0.068

2003 and subsequent 0.062
LDT 3751-5750 50,000 1994 0.320

1995 0.295

1996 0.287

1997 0.260

1998 0.205

1999 0.150

2000 0.099

2001 0.098

2002 0.095

2003 and subsequent 0.093
D "PC" means passenger cars.

"LDT" meanslight-duty trucks.
"MDV" means medium-duty vehicles.
"LVW" meansloaded vehicle weight.

2 "Non-Methane Organic Gases' (or "NMOG") shall mean the total mass of
oxygenated and non-oxygenated hydrocarbon emissions.

(€)) For the purpose of calculating fleet average NM OG values, vehicles which have no
tailpipe emissions but use fuel fired heaters and which are not certified asZEVs
shall betreated as Type 1 A Hybrid Electric Vehicles {erFype A HEV-ULEVS").

4 Calculation of Fleet Average NMOG Value (PCsand LDTs from 0-3750 Ibs. LVW).
Each manufacturer'sfleet average NM OG value for thetotal number of PCsand
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LDTsfrom 0-3750 |bs. “Loaded-Vehicle Weight~—({er—L VW™ produced and
delivered for salein California shall be calculated in units of g/mi NMOG accor ding

to the following equation, where the term " Produced" means produced and
delivered for salein California:
{[(No. of Vehicles Certified to the Exhaust Emission Standards
in Section 3.b. of these test procedures and Produced) x (0.39)] +
[(No. of Vehicles Certified to the phase-in Exhaust Emission
Standardsin Section 3.e. of these test procedures and Produced) x (0.25)] +
[(No. of Vehicles Certified to the Exhaust Emission Standardsin
Section 3.f. of these test procedures and Produced) x (0.25)] +
[(No. of TLEVs Produced excluding HEVs) x (0.125)] +
[(No. of LEVsProduced excluding HEVS) x (0.075)] +
[(No. of ULEVsProduced excluding HEVs) x (0.040)] +
(HEV contribution factor)} +
[Total No. of Vehicles Produced, Including ZEVs,_EZEVsand HEVS].

a. "HEV contribution factor" shall mean the NMOG emission
contribution of HEVsto a manufacturer'sfleet average NMOG value. TheHEV
contribution factor isthe sum of the individual HEV factors and shall be ealeulated
in units of g/mi. Theindividual HEV factor is calculated by multiplying the number
of HEVsin a given category that are asfelows-wheretheterm"Produced—means
produced and delivered for salein California by the appropriate HEV contribution

factor:
HEV CONTRIBUTION FACTOR (g/mi
HEV All- Typel Type?2 Type3HEV
Category Electric ULEV ULEV [ T T 1
Range ULE LEV TLE
\Y \Y

AA <29 0.04 0.04 0.04 0075 | 0125
A 30-39 0.04 0.04 0.04 0075 | 0125
B 40-49 0.03 0.03 0.03 0.066 | 0113
C 50-59 0.03 0.03 0.03 0.066 | 0113
D 60-69 0.02 0.02 0.02 0.057 | 0.100
E 70-79 0.02 0.02 0.02 0.057 | 0.100
E 80-89 0.01 0.01 0.01 0.050 | 0.085
€] > 90 0.01 0.01 0.01 0050 | 0.08
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b. ZEVsand EZEVs classified as LDTs 3751-5750 |bs. LVW which have
been counted toward the ZEV requirement for PCsand LDTs 0-3750 Ibs. LVW as
specified in note (9) shall beincluded in the above equation of note (4).

C. Beginning with the 1996 model year, manufacturersthat produce and
deliver for salein California PCsand LDTs0-3750 Ibs. LVW that are certified to the
Tier | exhaust emission standardsin 40 CFR 86.094-8 and 86.094-9 shall add the
following term to the numerator of the fleet average NM OG equation in note (4)
and calculate their fleet aver age values accordingly: [(No. of Vehicles Certified to
federal Tier | exhaust emission standards and Produced) x (0.25)].

(5) Calculation of Fleet Average NMOG Value (LDTs 3751-5750 Ibs. LVW.)
Manufacturersthat certify LDTsfrom 3751-5750 Ibs. LVW, shall calculate a fleet
average NM OG valuein units of g/mi NMOG accor ding to the following equation,
wheretheterm " Produced” means produced and delivered for salein California:

{[(No. of Vehicles Certified to the Exhaust Emission Standardsin
Section 3.b. of these test procedures and Produced x (0.50)] +

[(No. of Vehicles Certified to the Phase-ln Exhaust Emission
Standardsin Section 3.e. of these test procedures and Produced) x (0.32)] +

[(No. of Vehicles Certified to the Exhaust Emission Standardsin
Section 3.f. of these test procedures and Produced) x (0.32)] +

[(No. of TLEVs Produced excluding HEVs) x (0.160)] +

[(No. of LEVsProduced excluding HEVs) x (0.100)] +

[(No. of ULEVsProduced excluding HEVs) x (0.050)] +

(HEV contribution factor)} +
(Total No. of Vehicles Produced, Including ZEVs_EZEVsand HEVs).

a. "HEV contribution factor" shall mean the NMOG emission
contribution of HEVsto a manufacturer'sfleet average NMOG value. TheHEV
contribution factor isthe sum of the individual HEV factors and shall be ealeulated
in units of g/mi. Theindividual HEV factor is calculated by multiplying the number
of HEVsin a given category that are asfelows-wheretheterm"Produced—means
produced and delivered for salein California by the appropriate HEV contribution
factor:
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HEV CONTRIBUTION FACTOR (g/mi
HEV All- Typel Type?2 Type3HEV
Categor Electr ULEV ULEV
S - UE | LEv | ILE
\Y \Y
AA < 29 0.05 0.05 0.05 0.160 0.160
A 30-39 0.05 0.05 0.05 0.160 0.160
B 40-49 0.037 0.037 0.037 0.145 0.145
C 50-59 0.037 0.037 0.037 0.145 0.145
D 60-69 0.025 0.025 0.025 0.130 0.130
E 70-79 0.025 0.025 0.025 0.130 0.130
E 80-89 0.015 0.015 0.015 0.085 0.085
G > 90 0.015 0.015 0.015 0.085 0.085

b. Only ZEVs and EZEVswhich have been certified asLDTs 3751-5750
Ibs. LVW and which have not been counted toward the ZEV requirementsfor PCs
and LDTs0-3750 Ibs. LVW as specified in note (9) shall beincluded in the equation
of note (5).

C. Beginning with the 1996 model year, manufacturersthat produce and
deliver for salein California LDTs 3751-5750 Ibs. LVW that are certified tothe Tier
| exhaust emission standardsin 40 CFR 86.094-9 shall add the following term to the
numerator of the fleet average NMOG equation in note (5) and calculate their fleet
average NM OG values accordingly: [(No. of Vehicles Certified to federal Tier |
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exhaust emission standards and Produced and Delivered for Salein California) x
(0.32)]

(6) Requirements for Small Volume Manufacturers. Asused in thissection 3.h. of these
test procedures, theterm " small volume manufacturer” shall mean any vehicle
manufacturer with California saleslessthan or equal to 3000 new PCs, LDTs, and
MDVs per model year based on the average number of vehicles sold by the
manufacturer each model year from 1989 to 1991, except as otherwise noted below.
For manufacturers certifying for thefirst timein California, model-year sales shall
be based on projected California sales. In 2000 and subsequent model years, small
volume manufacturers shall comply with the fleet average NM OG requirements set
forth below.

a. Prior to the model year 2000, compliance with the specified fleet
average NM OG requirements shall be waived.

b. In 2000 and subsequent model year s, small volume manufacturers
shall not exceed a fleet average NM OG value of 0.075 g/mi for PCsand LDTsfrom
0-3750 Ibs. LVW calculated in accordance with note (4).

C. In 2000 and subsequent model year s, small volume manufacturers
shall not exceed a fleet average NMOG value of 0.100 g/mi for LDTsfrom 3751-5750
Ibs. LVW calculated in accordance with note (5).

d. If a manufacturer's average Califor nia sales exceeds 3000 units of new
PCs, LDTs, and MDVs based on the average number of vehicles sold for any three
consecutive model years, the manufacturer shall no longer betreated asa small
volume manufacturer and shall comply with the fleet aver age requirements
applicable for larger manufacturers as specified in Section 3.h. of these test
procedur es beginning with the fourth model year after thelast of thethree
consecutive model years.

e If a manufacturer's average Califor nia sales falls below 3000 units of
new PCs, LDTs, and MDVsbased on the average number of vehicles sold for any
three consecutive model year s, the manufacturer shall be treated asa small volume
manufacturer and shall be subject to requirements for small volume manufacturers
as specified in Section 3.h. of these test procedur es beginning with the next model
year.

@) Calculation of NMOG Credits/Debits, Procedure for Offsetting Debits. In 1992 and
subsequent model year s, manufacturersthat achieve fleet average NMOG values
lower than the fleet average NM OG requirement for the corresponding model year
shall receive creditsin units of g/mi NMOG determined as:

[(Fleet Average NMOG Requirement) - (Manufacturer's Fleet Average NMOG Value)] x
(Total No. of Vehicles Produced and Delivered for Salein California, Including ZEVs,_EZEVsand
HEVS).

a. Manufacturerswith fleet average NM OG values greater than the fleet
average requirement for the corresponding model year shall recelve debitsin units
of g/mi NMOG equal to the amount of negative credits determined by the
aforementioned equation. For any given model year, the total g/mi NMOG credits
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or debitsearned for PCsand LDTs0-3750 Ibs. LVW and for LDTs 3751-5750 Ibs.
LVW shall be summed together. Theresulting amount shall constitute the g/mi
NMOG creditsor debits accrued by the manufacturer for the model year.

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

C. The g/mi NMOG emission credits earned in any given model year
shall retain full value through the subsequent model year.

d. The g/mi NMOG value of any credits not used to equalize the
previous model-year's debit, shall be discounted by 50% at the beginning of second
model year after being earned, discounted to 25% of itsoriginal valueif not used by
the beginning of the third model year after being earned, and will have no value if
not used by the beginning of the fourth model year after being ear ned.

e In order to verify the status of a manufacturer's compliance with the
fleet average requirements for a given model year, and in order to confirm the accrual
of NMOG credits or debits, each manufacturer shall submit an annual report which
sets forth the production data used to establish compliance by no later than March 1 of
the calendar year following the close of the model year.

(8) Creditsfor Pre-1994 Model Year Vehicles. Manufacturersthat produce and deliver
for salein California vehicles certified to the phase-in exhaust emission standardsin
Section 3.e. of these test proceduresor vehicles certified to the exhaust emission
standardsin Sections 3.f. or 3.g. of these test proceduresand/or ZEVsin the 1992
and 1993 model year s, shall receive emission credits as deter mined by the equations
in notes (4), (5), and (7).

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

b. For LDTsfrom 3751-5750 Ibs. LVW, the fleet average NM OG
requirement for calculating a manufacturer's emission credits shall be 0.500 and
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(9)

0.428 g/mi NMOG for vehicles certified in the 1992 and 1993 model years,
respectively.

C. Emission credits earned prior to the 1994 model year shall be
considered as earned in the 1994 model year and discounted in accordance with the
schedule specified in note (7).

ZEV Requirements. While meeting the fleet aver age requirements, each
manufacturer shall certify, produce, and deliver for salein California at least the
following percentages of ZEVs set forth in the table below.

Moded Y ear Required

Per centage
per Model Year
1998 2
1999 2
2000 2
2001 5}
2002 5
2003 and subsequent 10
model years

i@%%%#sm%@@%and—wbseqaamnedeweaps These percentagesshall be applled
to the manufacturer'stotal production of PCsand LDTs0-3750 Ibs. LVW delivered

for salein California.

a. Calculation of ZEV Credits. Manufacturerswhich produce for salein
Californiamore ZEVsthan required in a given model year shall earn ZEV credits,
which shall have units of g/m| NM OG The amount of ZEV credlts earned shall be

{[the number of ZEVsand EZEVs produced and delivered for salein the

model year] +
[the number of Type 1 Category G HEVs produced and delivered for salein

the model year x (0.88)] +

[the number of Type 1 Category F HEV S produced and delivered for salein
the model year x (0.86)] +

[the number of Type 1 Category E HEVs produced and delivered for salein
the model year x (0.85)] +
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[the number of Type 1 Category D HEVs produced and delivered for salein
the model year x (0.83)] +

[the number of Type 1 Category C HEVs produced and delivered for salein
the model year x (0.79)] +

[the number of Type 1 Category B HEVs produced and delivered for salein
the model year x (0.75)]} +

[the number of Type 1 Category A HEVs produced and delivered for salein
the model year x (0.68)] +

[the number of Type 2 Category G HEVs produced and delivered for salein
the model year x (0.44)] +

[the number of Type 2 Category F HEVs produced and delivered for salein
the model year x (0.43)] +

[the number of Type 2 Category E HEVs produced and delivered for salein
the model year x (0.42)] +

[the number of Type 2 Category D HEVs produced and delivered for salein
the model year x (0.41)] +

[the number of Type 2 Category C HEVs produced and delivered for salein
the model year x (0.39)] +

[the number of Type 2 Category B HEVs produced and delivered for salein
the model year x (0.37)]} +

[the number of Type 2 Category A HEVs produced and delivered for salein
the model year x (0.34)] -

[the number of ZEVsrequired to be produced and delivered for salein
California for the moddl year] x and-then multiplied by the fleet average
requirement listed in section h. of these test proceduresfor PCsand LDTs 0-3750
Ibs. LVW for that model year. All ZEV creditsearned prior to the 1998 model year
shall betreated asif earned in the 1998 model year and shall be discounted in
accor dance with notes (7)c and (7)d.

b. Submittal of ZEV Credits. A manufacturer may meet the ZEV requirements
in any given model year by submitting to the Executive Officer a commensurate
amount of ZEV credits. These credits may be earned previously by the
manufacturer or acquired from another manufacturer. The amount of ZEV credits
required to be submitted shall be calculated by subtracting the number of ZEV's
produced and delivered for salein California by the manufacturer for the model
year from the number of ZEVsrequired to be produced by the manufacturer for the
model year and then multiplying by the fleet average requirement for PCs and
LDTs0-3750 Ibs. LVW for that model year.

C. Requirement to Make Up a ZEV Deficit. Manufacturerswhich certify,
produce, and deliver for salein California fewer ZEVsthan required in a given
model year shall make up the deficit by the end of the next model year by
submitting to the Executive Officer a commensurate amount of ZEV credits. The
amount of ZEV creditsrequired to be submitted shall be calculated by subtracting
the number of ZEVsactually produced and delivered for salein California by the
manufacturer for the model year from the number of ZEVsrequired to be produced
by the manufacturer for the model year and then multiplying by the fleet aver age
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requirementsfor PCsand LDTs0-3750 Ibs. LVW for the model year in which the
deficit isincurred.

d. Penalty for Failureto Meet ZEV Requirements. Any manufacturer which fails
to produce and deliver for salein Californiatherequired number of ZEVsor submit
an appropriate amount of ZEV credits and does not make up ZEV deficits within
the specified time period shall be subject to the Health and Safety Code section
43211 civil penalty applicable to a manufacturer which sellsa new motor vehicle
that does not meet the applicable emission standards adopted by the state board.
The cause of action shall be deemed to accrue when the ZEV deficits are not
balanced by the end of the specified time period. For the purposes of Health and
Safety Code section 43211, the number of vehicles not meeting the state board's
standar ds shall be calculated according to the following equation:

(No. of ZEVsrequired to be produced and delivered for salein Californiafor the
model year) - (No of ZEVsactually produced and delivered for salein California for
the model year) - [(Amount of ZEV credits submitted for the model year) / (the fleet
average requirement for PCsand LDTs0-3750 Ibs. LVW for the model year)].

e ZEVsclassified asMDVsor ZEVsand EZEVs classified asLDTs 3751-5750
Ibs. LVW may be counted toward the ZEV requirement for PCsand LDTs 0-3750
Ibs. LVW and included in the calculation of ZEV credits as specified in note (9)a.,, if
the manufacturer so designates.

f. Small volume manufacturers shall not be required to meet the per centage
ZEV requirements. However, small volume manufacturers may earn and market
creditsfor ZEVsthey produce and deliver for salein California.

g. I nter mediate volume manufacturers shall not be required to meet the

per centage ZEV requirements before the 2003 model year.

I [No Change]
] [No Change]
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k. The cold temper ature exhaust carbon monoxide emission levels from new
1996 and subsequent model-year passenger cars, light-duty trucks and medium-duty
vehicles shall not exceed:

1996 AND SUBSEQUENT MODEL-YEAR COLD TEMPERATURE
CARBON MONOXIDE EXHAUST EMISSIONS STANDARDS FOR PASSENGER
CARS, LIGHT-DUTY TRUCKS, AND MEDIUM-DUTY VEHICLES"?
(grams per mile)

L oaded Dur ability

Vehicle Vehicle
Vehicle Weight Basis Carbon
Type (Ibs.) (mi) Monoxide
Passenger Car All 50,000 10.0
Light-Duty Truck 0-3750 50,000 10.0
Light-Duty Truck 3751-5750 50,000 125
Medium-Duty Vehicle 0-3750 50,000 10.0
Medium-Duty Vehicle 3751-8500° 50,000 125

D These standards are applicable to vehicles tested in accordance with 40 CFR Part 86
Subpart C, at a nominal temperature of 20° F (-7° C).

() Natural gas vehicles, diesel-fueled vehicles, hybrid-electric-vehicles, and
zer o-emission vehicles are exempt from these standards. EZEVs and hybrid eectric
vehicles must demonstrate compliance with these standards.

3 Medium-duty vehicles with a gross vehicle weight rating greater than 8,500 Ibs. are
exempt from this standard.
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4, Initial Requirements
[No Change]

5. M aintenance Requirements
[No Change]

6. Demonstrating Compliance
[No Change]

7. Small-Volume Manufacturer's Certification Procedures
[No Change]

8. Alternative Proceduresfor Notification of Additions and Changes
[No Change]

9. Test Requirements
[No Change]

10.  Optional 100,000 Mile Certification Procedure

[No Change]
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11.  Additional Requirements
a.-j. [NoChange]

K. 50°F Emission Test Requirement. Following a 12 to 36 hour cold soak at a
nominal temperature of 50° F, emissions of CO and NOx measured on the Federal
Test Procedure (40 CFR Part 86), conducted at a nominal test temperature of 50° F,
shall not exceed the standardsfor vehicles of the same emission category and vehicle
type subject to a cold soak and emission test at 68 to 86° F. For all TLEVS,
emissions of NM OG and for maldehyde at 50° F shall not exceed the 50,000 mile
certification standard multiplied by a factor of 2.00. For all LEVSs, emissions of
NMOG and formaldehyde at 50° F shall not exceed the 50,000 mile certification
standard multiplied by a factor of 1.75. For all ULEVS, emissions of NMOG and
formaldehyde at 50° F shall not exceed the 50,000 mile certification standard
multiplied by a factor of 2.0. For all EZEVs, Type 1 and 2 HEVS, emissions of
NMOG at 50°F shall not exceed the NMOG certification standard. Emissions of
NMOG shall be multiplied by areactivity adjustment factor, if any, prior to
comparing with the 50,000 certification standard multiplied by the specified factor.

Thetest vehicles shall not be subject to a diurnal heat build prior to the cold
start exhaust test or evapor ative emission testing.

I For the 50° F emission test, the nominal preconditioning, soak, and
test temper atures shall be maintained within 3° F of the nominal temperature
on an aver age basis and within 5° F of the nominal temperature on a
continuous basis. Thetemperature shall be sampled at least once every 15
seconds during the preconditioning and test periods and at least once each 5
minutes during the soak period. A continuousstrip chart recording of the
temper ature with these minimum time resolutions is an acceptable

alter native to employing a data acquisition system.

ii. Thetest sitetemperature shall be measured at theinlet of the vehicle
cooling fan used for testing.

iii. Thetest vehicle may be fueled befor e the preconditioning procedure
in a fueling area maintained within a temperaturerange of 68to 86° F. The
preconditioning shall be conducted at a nominal temperature of 50° F. The
requirement to saturate the evapor ative control canister(s) shall not apply.

V. If a soak arearemote from the test siteis used, the vehicle may pass
through an area maintained within a temperature range of 68 to 86° F during
atimeinterval not to exceed 10 minutes. In such cases, the vehicle shall be
restabilized to 50° F by soaking the vehicle in the nominal 50° F test area for
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six times aslong as the exposure timeto the higher temperature area, prior to
starting the emission test.

V. The vehicle shall be approximately level during all phases of the test
sequence to prevent abnormal fuel distribution.

Manufacturers shall demonstrate compliance with this requirement each
year by testing at least three PC or LDT and three MDV emission data and/or
engineering development vehicles (with at least 4000 miles) which are representative
of the array of technologies available in that model year. Only TLEVS, LEVS, and
ULEVs,and EZEVs, areto be considered for testing at 50° F. It isnot necessary to
apply deterioration factors (DFs) to the 50° F test results to comply with this
requirement. Testing at 50° F shall not berequired for fuel-flexible and dual-fuel
vehicles when operating on gasoline. Natural gas, hybrid-electrie and diesel-fueled
vehicles shall also be exempt from 50° F testing.

The following schedule outlines the parametersto be considered for vehicle

selection:
1. Fuel control system (e.g., multiport fuel injection, throttle body
electronic fuel injection, sequential multiport electronic fuel injection,
etc.)

2. Catalyst system (e.g., electrically heated catalyst, close-coupled
catalyst, underfloor catalyst, etc.)

3. Control system type (e.g., mass-air flow, speed density, etc.)

4, Vehicle category (eg., TLEV, LEV, ULEV _EZEV)

5. Fuel type (e.g., gasoline, methanal, etc.)

The same engine family shall not be selected in the succeeding two years
unlessthe manufacturer produces fewer than three engine families. If the
manufacturer produces morethan three TLEV, LEV, er ULEV_or EZEV engine
families per model year, the Executive Officer may request 50° F testing of specific
engine families. If the manufacturer providesalist of the TLEV, LEV, ard ULEV,
and EZEV engine families that it will certify for a model year and provides a
description of the technologies used on each engine family (including the
information in items 1 through 5 of the vehicle selection parameterslisted above),
the Executive Officer shall select the engine families subject to 50° F testing within a
30 day period after receiving such alist and description. The Executive Officer may
revise the engine families selected after the 30 day period if the information
provided by the manufacturer does not accurately reflect the engine families
actually certified by the manufacturer.
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l. Emission Control System Continuity at Low Temperature. For each engine
family certified to TLEV, LEV, er ULEV, or EZEV standards, manufacturers shall
submit with the certification application, an engineering evaluation demonstrating
that a discontinuity in emissions of non-methane or ganic gases, carbon monoxide,
oxides of nitrogen and formaldehyde measured on the Federal Test Procedure (40
CFR Part 86) does not occur in the temperaturerange of 20to 86° F. For diesd
vehicles, the engineering evaluation shall also include particulate emissions.

12. I dentification of New Clean Fuelsto be Used in Certification Testing
[No Change]
13. Reactivity Adjustment Factors

[No Change]
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14, Cold Temperature Test Procedure

a. General Applicability
In paragraph 86.201-94:
1. Amend subparagraph (a) toread:

(&) Thissubpart describes proceduresfor deter mining the cold
temper atur e carbon monoxide (CO) emissions from 1996 and later model
year new passenger cars, light-duty trucks, and medium-duty vehicles
(excluding natural gas vehicles, diesel-fueled vehicles, hybrid-electrie-vehicles,
and zer o-emission vehicles). Vehicleswhich certify to EZEV, Type 1, and
Type 2 HEV standards must demonstrate compliance with these
requirements.

b. Equipment Required; Overview
In paragraph 86.206.94:
1. Amend subparagraph (a) to read:

(&) Thissubpart contains procedures for exhaust emission testson
passenger cars, light-duty trucks, and medium-duty vehicles (excluding
natural gas vehicles, diesel-fueled vehicles, hybrid-electrievehieles, and
zer o-emission vehicles.) Vehicleswhich certify to EZEV, Type 1, and Type 2
HEV standards must demonstrate compliance with these requir ements.
Equipment required and specifications are as follows:

2. Amend subparagraph (a)(1) to read:

(2)(1) Exhaust emission tests. Exhaust from vehicles (excluding
natural gas vehicles, diesal-fueled vehicles, hybrid-electricvehieles; and
zer o-emission vehicles) istested for gaseous emissions using the Constant
Volume Sampler (CVS) concept (Section 86.209). Vehicles which certify to
EZEV, Type 1, and Type 2 HEV standards must demonstrate compliance
with these requirements. Equipment necessary and specifications appear in
40 CFR Part 86, Section 86.208 through 86.214.

3. Amend subparagraph (a)(2) to read:

(8)(2) Fud, analytical gas, and driving schedule specifications. Fuel
specifications for exhaust emission testing for gasoline-fueled vehiclesare
specified in 40 CFR Part 86, Section 86.213. Fuel specifications for exhaust
emission testing for alcohol-fueled vehicles and liquified petroleum gas
vehicles are specified in Section 9.a. of these Test Procedures. Analytical
gases are specified in 40 CFR Part 86, Section 86.214. The EPA Urban
Dynamometer Driving Schedule (UDDS) for usein emission testsis specified
in 40 CFR Part 86, Section 86.215 and Appendix .

Appendices| through VIII

[No Change]
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APPENDIX B

TECHNICAL BACKGROUND FOR PROPOSED
EQUIVALENT ZERO-EMISSION VEHICLE CERTIFICATION STANDARDS

| ntr oduction

This appendix presentsthetechnical background for the ARB staff's proposed
equivalent zer o-emission vehicle (EZEV) certification standards for oxides of nitrogen
(NOx) and non-methane organic gases (NMOG). The proposed certification standardsare
based on the marginal NOx and reactive or ganic gases (ROG) emissionsthat are projected
to occur in the South Coast Air Basin (SCAB) dueto the use of electric vehiclesin the
SCAB. A vehiclethat certifiesto the proposed EZEV emission standards would be credited
toward a manufacturer's zer o-emission vehicle (ZEV) requirement.

Backaround

A number of studies have been conducted that evaluate the emissions associated
with the use of electric vehicles (EVs). In the" Staff Report 1994 L ow-Emission Vehicle
and Zero-Emission Vehicle Program Review" dated April 1994, the ARB staff presented
EV emissionsthat were based on aver age power plant emissionsin the South Coast Air
Basin. Thiswasa fairly smple and straightforward method of evaluating EV emissions.
Other studies have evaluated the power plant emissions associated with the additional, or
marginal, electricity that will need to be produced to satisfy the additional demand from
EVs. Such studiesuse a production cost model such asthe Elfin model to predict which
power plantswill produce the marginal electricity used by EVs. The California Energy
Commission (CEC) staff hasrecently completed a draft study for the ARB staff that uses
the Elfin model to predict the marginal power plant emissions associated with EV usein the
SCAB. The ARB staff proposesto usetheresults of thislatest CEC staff analysisto
establish the EZEV certification standards.

TheLos Angeles area hastheworst air quality in the state, and for thisreason the
SCAB isthe area where ZEVsare most urgently needed. Any EZEV technology that is
substituted for a ZEV should exhibit emissionsthat are no higher than the incremental
power plant emissionsthat are predicted to occur in the SCAB dueto EVs. The ARB staff
recognizesthat some of the electricity used by EVsin the SCAB will be generated outside
the SCAB. Whilethese out-of-basin emissions are important and should be addressed, the
staff believesit would not be appropriateto allow a EZEV to count toward a
manufacturer's ZEV requirement if it emits at the higher out-of-basin emission level while
operating in the SCAB.
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A Summary and Comparison of Previous Work

Previous analyses of the marginal power plant emissions associated with the use of
EVsin Southern California have been conducted over the past two years by the Southern

California Gas Company?, the Environmental Defense Fund and Natural Resour ces

Defense Council?, and the electric utilities®. The marginal in-basin power plant emissions
results from these studies are presented in Table B1. The assumptionsthat were used to

arrive at theseresultsare summarized in Table B2.

Table B1
Results of Previous Marginal EV Emissions Analyses
Electric Vehicle Emission Rate
(based on in-basin power plant emissions)
Study
NOx ROG
(gramsper mile) (gramsper mile)
EIl/SCG! 0.046 (minivan) 0.019 (minivan)
EDF/NRDC? 0.005 (PC) 0.002 (PC)
0.011 (LDT) 0.005 (LDT)
EPRI®
SCE Case 0.012 (PC) 0.006 (PC)
LADWP Case 0.014 (PC) 0.002 (PC)

1 Energy International, Inc., for the Southern California Gas Company. May 1994.
" Comparison of Fuel Cycle Emissionsfor Electric Vehicle and Ultralow Emissions

Natural Gas Vehicle" Report No. 9452R446. Bellevue, WA.

2 Environmental Defense Fund and Natural Resour ces Defense Council. June 1994.
"What's the Charge? Estimating the Emissions Benefits of Electric Vehiclesin
Southern California." Oakland, CA.

3 Electric Power Research Institute. May 1994. " EV Emissions Benefitsin California,”

Technical Brief 104068. Palo Alto, CA.
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Aswill be shown, the NOx emission ratesreported for EVsin the EDF/NRDC and
EPRI studiesarelower than theresults of the CEC'srecent analysis. Onereason isthat the
EDF/NRDC and EPRI analyses used power plant information from the CEC's Electricity
Report 92 (ER92). In ER92, in-basin power plant emission ratesfor NOx were assumed to
be controlled to 0.15 IbssMWh in accor dance with SCAQMD Rule 1135. The SCAQMD
subsequently rescinded Rule 1135 and adopted the RECLAIM program, which requires
that utilities cap NOx emissions at specified levels, either by reducing emissions from their
own facilities or by purchasing RECLAIM Trading Credits (RTCs) from other facilities
that reduce emissions beyond what isrequired. The CEC'srecent analysis used power
plant information provided by the utilitiesfor ER94. Thisinformation reflects power plant
emissionsunder RECLAIM. Because utilities can offset excess emissions by purchasing
RTCsunder RECLAIM, some power plant emission ratesin ER94 may be higher than the

power plant emissions that would have occurred under Rule 1135.

TableB2
Summary of Key Assumptions Used in Previous Marginal EV Emissions Analyses

Study Y ear Energy Charging
Analyzed Number of EVs | Milesper Year Efficiency Profile
(KWhr/mi)
EIN/SCG 2000 15,500 PC 15,360 PC 0.38 MDV most betwn
37,600 LDT 17,900 LDT 6pm & 3am,
with am
spike
EDF/NRD 2010 770,000 PC 14,300 PC 0.216 PC semi-
ct 374,000 LDT 15,600 LDT 0473 LDT | oontrolled
(66% betwn
12am & 6am)
EPRI
b
SCE 20117 597,000 PC 14,700 PC 026PC | gome sam
with am
LADWP 20112 245,000 PC 15,300 PC 0.26 PC spike

1 Summary of primary scenario. Other scenarios were analyzed.

2 Year 2000 was also analyzed.
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Sierra Research, Inc. (Sierra) has also recently released a report addressing regional
emissions, including the Pacific region (defined as California, Oregon and Washington)*.
However, Sierra did not evaluate marginal power plant emissions and the report does not
specifically address emissions in the South Coast Air Basin. Instead, Sierra evaluated
average emissions from fossil fuel-power ed plants located throughout the Pacific region,
based on an assumption that these plantswill provide all of the marginal power needed to
fuel EVs. Because Sierra used a simplified approach, their resultsare not directly
compar able to theresults from studies that modeled marginal power plant emissions using
Elfin. For thisreason the ARB staff has not included their resultsin Table B1.

Current CEC Marginal EV Emissions Analysis

At therequest of the ARB staff, the CEC's Electricity Resour ce Assessment Office
has evaluated the marginal power plant emissions associated with the use of EVsin the
SCAB. A draft report of the CEC staff'sanalysisis attached as Appendix C. The CEC
used the Elfin model to predict which power plantswill be used to meet the increased
demand for electricity as EVsareincorporated into the vehicle fleet, and to estimate the
amount of electricity each power plant will provide. The emission factors associated with
these power plantswere used to arrive at thetotal emissions expected to occur dueto the
use of EVs. A vehicle emission rate (in grams per mile) was calculated by applying an EV
efficiency value.

The CEC staff evaluated a number of scenarios. Power plant emissionsfor the
Southern California Edison (SCE) and L os Angeles Department of Water and Power
(LADWP) serviceterritories were predicted for two years, 2000 and 2010. For each of
these years, two EV charging profiles wer e examined, using two vehicle efficiency values
and assuming three different rates of EV distribution within the SCAB. Table B3
summarizes the key assumptions used in the CEC staff's marginal EV emissions analysis.
The ARB staff has organized the various sets of assumptions used by the CEC staff into six
scenarios. These scenariosare summarized in Table B4.
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Table B3

Summary of Key AssumptionsUsed in CEC Marginal EV Emissions Analysis

Years Number of EVs Miles Energy
Analyzed Distributed to Driven Efficiency Charging Profile

SCAB Per Year (kWh/mi)
in 2010

40%* = 564,000

2000 10,000 0.24to 84% off-peak/16% on-
55%*! = 775,000 0.35 peak
2010
80%* = 1,128,000 95% off-peak/5% on-peak

1

Represents projected percent distribution of statewide EVsto the SCAB. 70 percent of
the SCAB EVsareprojected to becharged in SCE territory and 27 percent are
projected to be charged in LADWP territory (3 percent are projected to be charged in

the municipal utility territories).

TableB4
Definition of Scenarios
Per cent of Charging Profile
Statewide
EVs
Distributed to 84% Off-Peak 95% Off-Peak
SCAB 16% On-Peak 5% On-Peak
40% Scenario A Scenario D
55% Scenario B Scenario E
80% Scenario C Scenario F
B-14-5
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Scenarios A and D assume that 40 per cent (564,000) of the EVs operated statewide
in 2010 will be distributed to the SCAB. Thisfigureisbased on the ARB's emission
inventory data and represents the statewide distribution of all vehicles. ScenariosB and E
assume that 55 percent (775,000) of the EVs operated statewide in 2010 will be distributed
tothe SCAB. Thisrepresentsa scenario in which the ARB's emission inventory
distribution isadjusted so that all EVsaredistributed only to four areas of California:
South Coast, San Diego, Bay Area and Sacramento. Thistype of distribution would result
in approximately 55 percent of the EVslocated in the SCAB. Scenarios C and F assume
that 80 percent (1,128,000) of the EVsoperated statewide in 2010 will be distributed to the
SCAB. Thisscenarioisbased on a CEC staff projection that a significant majority of the
EVswill bedistributed to the SCAB because the SCAB will offer moreinfrastructure and
other incentivesto EV owners.

The ARB requested that the CEC evaluate two efficiency values, 0.24 kilowatt-hours
per mile (kWh/mi) and 0.35 kWh/mi. These valueswere chosen based on data from
General Motors Corporation and Ford Motor Company vehicles currently in use.
Supporting data wer e taken from results of vehicle tests conducted by ARB staff and
others. These efficiency valuestake into account accessory loads and charger efficiency.
Transmission line and distribution losses ar e taken into account by the CEC staff in their
calculation of the energy needed to meet EV demand.

Theresults of the CEC staff'sanalysis are summarized in Tables B5 through B10.
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Table B5
Marginal Electric Vehicle In-Basin Emission Rates
Scenario A: 84% Off-Peak/16% On-Peak, 40% SCAB Distribution

2000 2010
Efficiency Utility
(kWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.022 0.001 0.012 0.002
0.24 LADWP 0.018 0.002 0.012 0.001
Weighted* 0.021 0.001 0.012 0.002
Avqg.
SCE 0.026 0.001 0.019 0.004
0.35
LADWP 0.022 0.003 0.018 0.002
Weighted* 0.025 0.002 0.019 0.003
Avg

1 Weighted average calculated assuming 72 percent of the EVsused in the SCAB will be
charged in SCE serviceterritory, and 28 percent of the EVsused in the SCAB will be
charged in the LADWP serviceterritory.
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Scenario B: 84% Off-Peak/16% On-Peak, 55% SCAB Distribution

Table B6

Marginal Electric Vehicle In-Basin Emission Rates

2000 2010
Efficiency Utility
(kWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.018 0.001 0.012 0.002
0.24 LADWP 0.015 0.002 0.013 0.001
Weighted 0.017 0.001 0.012 0.002
Avqg.
SCE 0.021 0.001 0.021 0.004
0.35
LADWP 0.019 0.002 0.018 0.002
Weighted 0.020 0.001 0.020 0.003
Avg
Table B7

Scenario C: 84% Off-Peak/16% On-Peak, 80% SCAB Distribution

Marginal Electric Vehicle In-Basin Emission Rates

2000 2010
Efficiency Utility
(KWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.014 0.001 0.014 0.002
0.24 LADWP 0.013 0.002 0.013 0.001
Weighted 0.014 0.001 0.014 0.002
Avqg.
SCE 0.018 0.001 0.021 0.004
0.35
LADWP 0.018 0.002 0.023 0.003
Weighted 0.018 0.001 0.022 0.004
Avg
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Table B8

Marginal Electric Vehicle In-Basin Emission Rates
Scenario D: 95% Off-Peak/5% On-Peak, 40% SCAB Distribution

2000 2010
Efficiency Utility
(kWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.023 0.002 0.010 0.004
0.24 LADWP 0.008 0.001 0.016 0.002
Weighted 0.019 0.002 0.012 0.003
Avqg.
SCE 0.027 0.003 0.014 0.005
0.35
LADWP 0.012 0.002 0.022 0.003
Weighted 0.023 0.003 0.016 0.004
Avg
Table B9

Marginal Electric Vehicle In-Basin Emission Rates
Scenario E: 95% Off-Peak/5% On-Peak, 55% SCAB Distribution

2000 2010
Efficiency Utility
(KWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.019 0.002 0.010 0.004
0.24 LADWP 0.008 0.001 0.015 0.002
Weighted 0.016 0.002 0.011 0.003
Avqg.
SCE 0.024 0.003 0.013 0.005
0.35
LADWP 0.012 0.002 0.024 0.003
Weighted 0.021 0.003 0.016 0.004
Avg
B-14-10
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Table B10
Marginal Electric Vehicle In-Basin Emission Rates
Scenario F: 95% Off-Peak/5% On-Peak, 80% SCAB Distribution

2000 2010
Efficiency Utility
(kWhr/mi) NOx ROG NOx ROG
(g/mi) (g/mi) (g/mi) (g/mi)
SCE 0.016 0.002 0.009 0.004
0.24 LADWP 0.008 0.001 0.017 0.002
Weighted 0.014 0.002 0.011 0.003
Avqg.
SCE 0.022 0.002 0.015 0.005
0.35
LADWP 0.012 0.002 0.025 0.002
Weighted 0.019 0.002 0.018 0.004
Avg

Selection of the Primary Scenario

The ARB staff believes that the scenario which most closely predicts actual EV
power plant emissionsin the SCAB is Scenario B. Thisscenario assumesthat the number
of EVsin the SCAB will be higher than what would be predicted by the distribution of
conventional vehicles (55 percent as opposed to 40 percent). It also predictsthat 16 percent
of vehicle charging will occur during on-peak hours, accounting for thelikelihood that,
despite efforts to encour age off-peak charging, some EV owners may need to charge their
vehicleduring theday. The staff believesthat a 0.35 kWhr/mi vehicle efficiency in the year
2010 isa conservative prediction, and therefor e the values associated with this vehicle
efficiency represent arealistic upper bound.

Discussion of |ssues

o0 Out-of-basin emissions

Some of the electricity used to recharge EVsin the SCAB will be generated out of
thebasin. For the SCE system, approximately 55 per cent of the energy used for EVswill
be generated out of the basin in 2010. For the LADWP system, approximately 40 per cent
of the energy used for EVswill be generated out of the basin in 2010. The CEC staff's dr aft
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report, contained in Appendix C, discusses this out-of-basin power generation in more
detail. It isimportant to recognize the environmental impacts of these out-of-basin
emissions. Table B11 summarizesthein-basin plus out-of-basin emission ratesfor EVs
operated in the SCAB for the primary scenario. These emission ratesinclude emissions
from relatively dirty coal-fired power plants operating outside of California.

TableB11
In-Basin Plus Out-of-Basin Marginal EV Emissions
Year 2010, Scenario B!

Efficiency NOXx ROG
(kWh/mi) Utility (g/mi) (g/mi)
SCE 0.104 0.007
0.24
LADWP 0.115 0.002
W eighted? 0.107 0.006
Average
SCE 0.157 0.011
0.35
LADWP 0.169 0.003
W eighted? 0.160 0.009
Average
Gasoline ULEV emissionsin the 0.30 0.18*
SCAB?®
(includes deterioration)

1 84% off-peak/16% on-peak, 55 percent of statewide EVsdistributed to SCAB

2 Weighted average calculated assuming 72 percent of the EVsused in the SCAB will be
charged in SCE serviceterritory, and 28 percent of the EVsused in the SCAB will be
charged in the LADWP serviceterritory.

3 Emissions account for conditions unique to the SCAB, including ambient temperature,
aver age speed and averagetrip length.

4 Thisvalueincludes an estimated 0.13 g/mi ROG to account for the evaporative,
running loss and gasoline marketing emissions associated with gasoline vehicles using
Phase Il gasoline. Emissionsfrom ail refining are not included.
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Table B11 shows that the in-basin plus out-of-basin marginal NOx and ROG
emission ratesfor an EV operating at the 0.35 kWh/mi efficiency level are still well below
the emission ratesfor an ultra-low emission vehicle.

The Los Angeles area hasthe most severe air quality problem in the United States.
Although power plants outsidethe SCAB, and in particular out-of-state power plants, are
allowed to emit at higher levelsthan those within the SCAB, in-basin power plants have
been subject to stringent emissionsrequirementsin order to improve air quality. In-basin
power plant emissions dueto the use of EVsaretherefore extremely low. Whileit is
important to recognize thetotal air quality impact of EVsboth within and outside of the
SCAB, it would beinappropriateto allow a EZEV to count toward a manufacturer'sZEV
requirement if it emits at the higher out-of-basin emission levels while operating in the
SCAB, asthiswould seriously reduce the effectiveness of the LEV regulations.

o Efficiency values

The ARB staff chose to examine two EV efficiency values. EVsare assumed to have
an aver age efficiency between 0.24 kWh/mi and 0.35 kWh/mi. Official literature from
General Motorsindicatesthat the efficiency of the Impact operating on a city driving
scheduleis 0.20 kWh/mi, and official literature from Ford indicates that the efficiency of
the Ecostar is0.30 kWh/mi. The following assumptions can be applied to these efficiency
valuesto obtain a" plug-to-wheels' efficiency value: 1) a worst case 20 percent penalty
when accessories are oper ating, 2) accessories are used during 50 per cent of the vehicle
operating hours, and 3) charger efficiency is 90 percent. Applying these assumptions, the
efficiencies of the Impact and Ecostar correspond to the 0.24 kWh/mi to 0.35 kWh/mi
efficiency range.

Test resultsfor Solectria vehicles also indicate that this efficiency rangeis
appropriate. 1n July 1994, the ARB staff reported test resultsfor a Solectria Force
equipped with an Ovonic Battery Company nickel-metal hydride (NiMH) battery. The
efficiency of thisvehicle was 0.15 kWh/mi on the urban driving schedule. 1994 EV
Americatest resultsfor alead-acid battery powered Solectria Force indicated an efficiency
of 0.17 kWh/mi. Vehicle efficienciesfor many currently available EVs are within the 0.24
kWh/mi to 0.35 kWh/mi range, even accounting for accessory loads and charger efficiency.
The ARB staff believesthat thisrangeisrealistic, especially considering the technology
advancementsthat are expected to provide significant efficiency improvements by 2000.

Proposed EZEV Certification Standard
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Table B12 presentsthe ARB staff's proposed EZEV certification standardsfor NOX,
NMOG, carbon monoxide (CO) and particulate matter (PM). The staff isnot proposing a
separ ate formaldehyde emission standard, as for maldehyde will be accounted for in the
NMOG emission measurement. The proposed NOXx certification standard of 0.02 grams
per milerepresentsthe upper level of therange of NOx emission ratesfor the various
scenarios that wer e evaluated by the CEC staff for 2010, and corresponds to the NOx value
projected for a 0.35 kWh/mi EV in 2010 under the ARB staff's primary scenario. The
proposed NMOG certification standard of 0.004 grams per mile represents the upper
bound of ROG emission levels from the various scenarios. The proposed CO certification
standard of
0.17 grams per mile and the proposed PM certification standard of 0.004 grams per mile
correspond to one-tenth the current ULEV certification standardsfor passenger carsand
light-duty trucks. For the purposes of certifying asan EZEV, vehicle emissionswould be
calculated as the sum of exhaust emissions, evapor ative emissions and refueling emissions.
EZEVswould be required to demonstrate compliance with these standar ds to 100,000 miles
on the engine or APU, and maintain their emisions at or below the certification standards
for the entire vehiclelife. Vehicleswould also be required to employ an on-board
diagnostic system and would be subject to inspection and maintenance requirements.

TableB12
Proposed EZEV Certification Standards
Vehicle L oaded Vehicle APU NOXx NMOG CO PM
Type Weight (LVW) Durability | (g/mi) (g/mi) (g/m (g/mi)
(pounds) Basis )]
PC! all
vehicle 0.02 0.004 0.17 0.004

LDT? 0-3750 life

1 Passenger car
2 Light-duty truck
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APPENDIX C

CALIFORNIA ENERGY COMMISSION STAFF DRAFT
"ELECTRIC VEHICLES AND POWER PLANT EMISSIONS"
JUNE 20, 1995
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(Contact Tom Evashenk @ (916) 445-8811 to receive a hard copy)

14-17



APPENDIX D

DISCUSSION OF HYBRID-ELECTRIC VEHICLE TESTING ISSUES
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A. Background

When the Low-Emission Vehicle regulations wer e adopted in 1990, no hybrid electric
vehicles (HEVs) were available for testing to act as a guide in developing emission test
procedures, and even today, this class of vehicleis still in the development stage.
Therefore, since there are many possible vehicle configurationsin terms of battery and
auxiliary power unit (APU) operation that can affect HEV emissions, test procedureswere
drafted to address all possible emission profilesthat could be expected from these vehicles.
The procedur es wer e also designed to encour age development effortsto minimize HEV
emissions and to be consistent with those for conventional vehicles. Since then, however,
industry and others have expressed concern with the regulatory requirements, and during
the May 1994 L ow-Emission Vehicle Technology Review, requested the ARB to re-examine
them asto whether they properly account for the emission benefits these vehicles can offer.
Asaresult, the Board directed staff to revisit all relevant HEV issues and report back at
the earliest opportunity. After reviewing the existing HEV test procedures, the ARB staff
has concluded that with some adjustments the proceduresremain suitable for testing
virtually all types of hybrid designs.

The basic elementsof ARB'scurrent HEV test procedure are an all electric range test
(AERT), an exhaust emission test, and an evapor ative emission test. Figure 1 showsthe
proposed test sequence for 1993 to 1995 model year hybrid electric vehiclesand Figure 2
shows the proposed test sequence for 1996 and subsequent model year hybrid electric
vehicles.

B. SAE HEV Test Procedures

Since 1992, the Society of Automotive Engineers (SAE) HEV task force, comprised of
representatives from the automotive industry, United States Environmental Protection
Agency (EPA), and other interested parties, has been in the process of developing an HEV
test procedure which attemptsto realistically quantify HEV emissions and fuel economy
(Figure 3). Asaresult of these efforts, the task for ce recently produced a draft HEV test
proceduretitled SAE J1711. The procedure classifiesHEVsinto four categoriesbased on
a combination of all-electric range capability and the hybrid-mode charging characteristic
of the vehicle and requiresfive daysto complete. HEVsthat have a " useful capability" for
all-electric range are classified as having a" commuting electric range", and those that lack
such a capability are classified as having a " reserve electric range." Thesetwo categories
arefurther classified into those that are capable of continuous driving cyclesin the APU
mode without progressively depleting the battery (charge sustaining) and those that allow
battery depletion (charge depleting). However, depending on the category of HEV being
tested, one or more steps (days) may be eliminated. Thetask forceiscurrently
investigating methods to shorten and simplify the procedure without compromising
accuracy and is soliciting comments and suggestionsin thisregard.
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C. All-Electric Range Test

Current ARB requirements

In the current test procedure, the AERT is conducted over alternating Highway Fuel
Economy Test (HWFET) cycles and Urban Dynamometer Driving Schedule (UDDS) cycles
(Figure 3). The AERT may be performed either prior to vehicle preconditioning in the test
sequence or can be performed separately outside the context of the emission test sequence.
Before beginning the AERT, the battery pack is charged to a full state-of-charge (SOC).
Regenerative braking is allowed during thetest and set according to the manufacturer's
specifications. The AERT isterminated when one of the following conditions occurs:

a) the vehicleisno longer able to maintain within 5 miles per hour of the speed
requirementsor within 2 seconds of the time requirements of the driving schedules without
the use of the APU, or

b) the APU turns ON.

During thetest, the battery voltage, battery current, vehicle speed, battery power, total
energy used, time, and regenerative energy (if applicable) arerecorded. After completion
of the test, the vehicleis charged to a full state-of-charge and the A.C. KW-hr used during
chargingisrecorded.

Proposed modifications:

1. All-electric range deter mination:

Currently, for conventional vehicles, manufacturersarerequired to report the city and
highway performance specifications separately. Similarly, to more accurately determine
the city and highway performance of HEV's, the staff proposes that HEVs be tested on two
separate and independent electric rangetests, one consisting only of repeated UDDS cycles
and the other of repeated HWFET cycles (Figure 3). The proposed procedure would yield
separ ate city and highway all-electric ranges and ener gy consumption rates which would
enable the consumer to better understand the range of hig’her vehicle under different

oper ating conditions by providing more accurate city and highway electric energy
consumption rates over the full operating range of the battery. The combined all-electric
range would then be calculated from the measured city and highway all-electric ranges.

2. Electric-range test termination criteria:

The ARB staff proposesthat the conditionsfor terminating the AERT be changed to be
consistent with the requirement for conventional vehicles. Thiswould allow the consumer
to compare HEV all-électric performance with conventional vehicles on an equal basis. In
addition, thetest isto be terminated should conditions arise which would result in damage
to the vehicle or battery pack. Therefore, the AERT isto beterminated if any one of the
following conditions occurs:
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a) the vehicle fails to maintain the tolerance specified for conventional vehicles (2 miles per
hour of the speed requirements or within 1 second of the time requirements of the driving
schedules) for mor e than 2 seconds, or

b) the APU turns ON, or

c) the battery pack parameterssuch as battery pack voltage and temperature fall outside
the manufacturer's specified operating range.

Comparison of ARB and SAE test procedures

With the proposed changesto the current ARB regulations, the ARB's all-electric range
test will bevirtually identical to SAE'stest method with minor differences. For those
vehicles with reduced performance, the SAE proposesthat a less stringent criterion for test
termination be applied. Accordingto SAE'sproposal thetest would be terminated when
the vehicle failsto maintain within 4 miles per hour of the speed requirements or within 2
seconds of thetime requirements. Theresulting range test result isthen recorded asa
"full performance all-electric range" distinct from an all-electric range test designation.
However, the ARB believes that this approach will be of little value in determining the
vehicle'srange under real-world conditions.

Another minor difference between the two methodsisthat, befor e the beginning of both
the city and highway all-electric range tests, the SAE requirestwo driving cycles with the
battery at a full SOC to determine the ener gy efficiency of the vehicle. The battery isthen
charged back to a full SOC before beginning the all-electric range test. On the other hand,
the ARB determines ener gy efficiency from the data collected during the all-electric range
test (Figure 3). The ARB believesthat energy efficiency determination portion of SAE's
test method isredundant since the ener gy efficiency can be deter mined directly from the
rangetest. In addition, the ARB's method islikely to be more accurate since the energy
efficiency isaveraged over larger distances and over the entire operating range of the
battery.

D. Exhaust Emission Test

Current ARB requirements

The exhaust test sequence beginswith a fuel drain and fill followed either by the AERT or
by a cold soak for a minimum of 6 hoursto allow the vehicle to stabilize to ambient
temperature prior to the vehicle pre-conditioning. Following the preconditioning drive,
the fuel tank isagain drained and filled and the vehicleis cold soaked for a period of 12 to
36 hour s befor e conducting the exhaust emission test. During the cold soak period, the
vehicle's canister ispurged and loaded in preparation for the evaporative emission test
which followsimmediately after the exhaust emissionstest (Figure 1&2). If the
manufacturer chooses to conduct the AERT separately from the emission test, the battery
must be dischar ged to the appropriate SOC during the cold soak prior to the beginning of
the exhaust emission test. The exhaust emission test is conducted over one Federal Test
Procedure-75 (FTP-75) cycle which includes a cold start test and a hot start test. At the
beginning of the exhaust emission test, the battery pack SOC should satisfy one of the
following conditions: (1) the SOC is at the lowest level allowed by the control unit of the
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APU, or (2) the SOC is set such that the APU operation will be at its maximum power level
at the beginning of and throughout the emission test (Figure 3). Such an approach serves
to characterize the maximum possible emissions among all possible operating modes. In
addition, HEVs ar e subject to the new, enhanced evapor ative emission test and standards
similar those that conventional vehicles must meet.

Proposed modifications:

1) Some HEVS APU duty cycle may depend on therate of discharge of the battery pack.
In such cases, the level of APU operation at cold start will be determined by the driving
cycleused to drain the battery to the point at which the APU turns ON, which in turn
affects cold start emissions. Therefore, to ensure that test results from such vehiclesreflect
real-world emissions, the ARB proposes a standar dized method for discharging the
battery. One of the following methods must be used to dischar ge the battery pack:

a) drivingthevehicle at a constant speed of 50 mph on the dynamometer.
b) driving the vehicle over continuous UDDS cycles on the dynamometer.

Alternatively, the vehicle manufacturer may specify a battery pack discharge procedure
(such asdischarging to aload bank) with a discharge rate equivalent to either of the above
methods. Another situation in which the draining of the battery would be necessary is
when the vehicle's battery exhibitsan increase in SOC during cold soak without exter nal
charging.

Note: Thisisnot a concern for the Highway NOXx test, since the pre-conditioning cycle
consists of driving on a highway cycle with the APU on immediately before conducting the
emission test.

2) Since it would be difficult to deter mine the appropriate battery SOC level at which the
APU operates at its maximum power level without extensive testing, the ARB proposes
that manufacturersberequired to supply the APU control algorithm and the procedure to
accurately drain the battery to theintended SOC.

Comparison of ARB and SAE test procedures

1. Start-of-test criteria

The SAE method proposes that the vehicle be operated in the HEV mode over repeated
UDDS cyclesto determine the " maximum™ and " minimum" SOC levels achievablein the
HEV mode of operation. Then it requiresthat the vehicle be emission tested once with the
battery SOC at the beginning of thetest at the " maximum" level and a second time, with
battery SOC at the" minimum" level (Figure 3). During each of thesetests, the net change
in battery SOC isrecorded. The emissions from the vehiclein the APU mode are then
calculated by assuming a linear correlation between change in battery SOC and emissions.
The ARB does not concur with SAE's proposed method for the following reasons:

a) Since HEVs certified to an emission standard should meet the standard under all

oper ating modes, the ARB believesit isappropriate to test the vehicle in the mode most
likely to have the highest emissions. Therefore, the ARB requiresthe SOC at the
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beginning of the test be at the lowest level allowed by the control unit of the APU which is
equivalent to the " minimum" SOC level as defined by the SAE method.

b) Deter mination of the " maximum" and " minimum" SOC levelswould require
significant additional testing time and resour ces. Instead, the ARB would requirethe
manufacturer to provide such information based on an engineering analysis of the APU
control algorithm and the procedureto drain the battery to the appropriate SOC. The
ARB reservestheright to conduct its own testing to deter mine the appropriate SOC for
emission testing.

c) The ARB isnot aware of any data to support the assumption that change in battery
SOC islinearly correlated with emissions.

2. Emission test cycle

Consistent with the requirementsfor conventional vehicles, the ARB method requiresthat
the emission test be conducted over the FTP cycle. Such an approach will allow
comparison of thetest results from HEVswith conventional vehicleson an equal basis. On
the other hand, the SAE method requires two consecutive UDDS cycles.

E. HEV Evaporative Emissions Test

Immediately following the exhaust emission test, HEVs operating on gasoline, liquified
petroleum gas, and alcohols ar e subject to evapor ative emission testing. HEVswith sealed
fuel systemswhich can be demonstrated to have no evapor ative emissions ar e exempt from
evapor ative emission testing. 1993 to 1995 model-year HEVs must under go the three-day
diurnal test sequence (Figure 1) while 1996 and subsequent model-year HEV's must
under go the supplemental two-day diurnal test sequencein addition to the three-day
diurnal test sequence (Figure 2).

F. Other requirements

HEVswill berequired to meet the appropriate Highway NOx standards and those HEV's
certified as low-emission vehicles will, in addition, be required to meet the 50 degr ee test
requirements as specified in the Exhaust Emission Standards and Test Procedures - 1988
and Subsequent M odel Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles
and incorporated by referencein Title 13, California Code of Regulations, Section 1960.1.

G. Regenerative Braking

Although current regulations allow the use of regenerative braking systems during testing,
it does not address theissue of how to accurately simulate on-road regener ative braking
characteristics on the dynamometer in that only the vehicle's two drive wheels oper ate
during testing. Currently, the ARB isinvestigating changesto thetest proceduresto
addressthe use of regenerative braking. The ARB isworking with the SAE Light Duty
Vehicle Performance and M easurement Standards Committee to identify an appropriate
test methodology. One method being considered isthe application of a constant retarding
for ce by the dynamometer controller whenever the conventional vehicle brakesare
engaged. The constant retarding forceis determined by estimating the percentage of the
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total on-road braking force from the non-drive axle. At least one major manufacturer has
indicated that an Electronic Control Unit (ECU) program change would be necessary to
simulate regener ative braking on the dynamometer. Thisisbecausetheir regenerative
braking system islinked to the anti-lock brake system (ABS) and would disable
regenerative braking, judging the non-drive wheels aslocked (ABS failure).

In addition, the ARB will soon initiate a test program with Southern California Edison to
evaluate regener ative braking performance of various EVson theroad aswell as under
dynamometer driving conditions. These programswill ensurethat the ARB gains better
under standing of the regenerative braking issues and that improved test methods are
identified.

H. Air-conditioning

For HEVs equipped with air-conditioning systems which derive power from the vehicle
battery, current regulationsrequirethat theroad load be increased by the incremental
hor sepower required to operate the air-conditioning unit. Theincremental hor sepower is
determined by recording the difference in energy required to operatein the all-electric
mode to complete the running loss test fuel tank temperature profile test sequence (as
defined in the " California Evapor ative Emission Standards and Test Proceduresfor 1978
and Subsequent Model Motor Vehicles') without air conditioning and the same vehicle
tested over therunning loss fuel tank temperature profile test sequence with air -
conditioning. In responseto industry's complaint that such atest would require significant
resour ces and time, the staff proposes that manufacturers may be allowed to employ

alter native methods of accounting for air-conditioning loads with Executive Officer
approval based on a deter mination of correlation with actual air-conditioning loads.

For conventional vehicles, a 10 percent increasein road load power hastraditionally been
used to estimate real-world air-conditioning loads. Based on therealization that this 10
per cent increase under estimates actual air-conditioning load, the Federal EPA, along with
the ARB, is currently evaluating more realistic methods to simulate real-world air
conditioning loads on the dynamometer. The methods being considered range from
environmental chamber testing to increasing the road load power adjustment. Once EPA
approves a method for conventional vehicles, then the ARB would evaluate the
appropriateness of applying that same method for HEVSs.

1. State of the Commute, 1994, Federal Highway Administration, December 1994.

2. 1990 Nationwide Personal Transportation Survey, U.S. Department of
Transportation, December 1991.
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