Cdifornia Environmenta Protection Agency
AIR RESOURCES BOARD

CALIFORNIA EXHAUST EMISSION STANDARDSAND TEST PROCEDURESFOR
2003 AND SUBSEQUENT MODEL ZERO-EMISSION VEHICLES, AND 2001 AND
SUBSEQUENT MODEL HYBRID ELECTRIC VEHICLES, IN THE PASSENGER CAR,
LIGHT-DUTY TRUCK AND MEDIUM-DUTY VEHICLE CLASSES

Adopted: August 5, 1999
Amended: December 7, 2001

Note: Thetext of the adopted amendmentsis shown in underline to indicate additions and strikeout to
indicate deletions compared to the test procedures as originally adopted August 5, 1999.

As amended December 7, 2001
Board Hearing: January 25, 2001



TABLE OF CONTENTS

Section Page No
A APPHCEDITTY. ...ttt e b b A-1
B I3 11101110 B-1
C. Zero-Emisson Vehicle STandards...........ooeeveeceieene e C-1
1 A SV = TS To g IS = 076 7= (o SRS C-1
2. Percentage ZEV REQUITEIMENLS. ........cccueieerieeieeeeste e seesseeee e ssesaesseesseeeesseensens C-1
3. Partid andFull ZEV Allowance Veides (PZEVS)......oooeeiieeiece e C-4
4, Qudification for ZEV MUIIPHENS.........ooovieieieee e C-10
5. ZEV and Adnaced Technology PZEV High Efficiency Multipliers..........cccccvvueenee. C-12
6. In-Service Warranty Multiplier for ZEVs and PZEVsWith $ 10 Mile Zero Emission
RO .. e C-16
7 Generation and Use of ZEV Credits; Calculation of Penalties..........cccccveveeveeeennen. C-16
D. CertifiCation REQUITEIMENTS..........oiierieeieeeesieeeeseesieeae s e ste e sreesseeeesseesseensesseesseensesnenssens D-1
1 Durability and Emisson Testing REQUIFEMENTS.........cooueveerieriienee e D-1
2. Information Requirements: AppliCation fOr ..........cccvevvreericce e D-1
E L= B (0160 1= E-1
1 EleCtriC DYNAMOMELES ........oiviiieeieseesiee ettt st sne e e E-1
2. Vehicle and Battery Break-In Period...........cccoeveeeeieciiceceee e E-1
3. All-EIeCtriC RANGE TESL......e ettt E-1
4, Determination of Battery Specific Energy for ZEVS......oovvvvieveececeeece e E-3
5. Determination of the Emissons of the Fuel-fired Hegter ... E-3
6. Hybrid Electric Vehicde FTP EmisSon Test ProVISONS.........cocceveeeeseeneeieeseenieenens E-4
7. Hybrid Electric Vehicle Highway EmisSon Test ProviSOnS.........cccoeeeveeieeseeniennns E-8
8. Hybrid Electric Vehicle SFTP Emisson Test ProviSonS.........cccevveeeeveenieceeseeene. E-10
0. State-of-Charge Net Change TOIEranCes. ......cocvieeieeieneeneeeeesee e E-15

As amended December 7, 2001
Board Hearing: January 25, 2001



CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES FOR
2003 AND SUBSEQUENT MODEL ZERO-EMISSION VEHICLES, AND 2001 AND
SUBSEQUENT MODEL HYBRID ELECTRIC VEHICLES, IN THE PASSENGER CAR,
LIGHT-DUTY TRUCK AND MEDIUM-DUTY VEHICLE CLASSES

A.  Applicability

The emission standards and test procedures in this document are applicable to 2003 and
subsequent modd -year zero-emission passenger cars, light-duty trucks and medium-duty vehicles, and
2001 and subsequent model-year hybrid eectric passenger cars, light-duty trucks and medium-duty
vehicles. The generd procedures and requirements necessary to certify avehiclefor sdein Cdifornia
are contained in the “ Cdifornia Exhaust Emission Standards and Test Procedures for 2001 and
Subsequent Modd Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles’ (hereinafter
“LDV/MDV TPs’), and apply except as amended herein. A manufacturer may elect to certify a 2000
mode-year hybrid eectric vehicle under these stlandards and test procedures and the LDV/MDV TPs.

B. Definitions

In addition to the following, these test procedures incorporate by reference the definitions and
abbreviations st forth in the Title 40 Code of Federal Regulations § 86.1803-01, the definitions and
abbreviations set forth inthe LDV/MDV TPs, and the definitions set forth in section 1900, title 13,
CCR.

“ Advanced technology PZEV” or “AT PZEV” means any PZEV with an dlowance greater
than 0.2 before application of the PZEV early introduction phase-in multiplier or the high efficiency

multiplier.

“All-Electric Range Test” means atest sequence used to determine the range of an eectric
vehicdle or of ahybrid dectric vehicle without the use of its auxiliary power unit. The All-Electric Range
Test cycle congsts of the Highway Fud Economy Schedule and the Urban Dynamometer Driving
Schedule (see Ssection E F of these test procedures).

“Auxiliary power unit” means adevice that converts consumable fuel energy into mechanica
or eectrica energy. Some examples of auxiliary power units are internal combustion engines, gas
turbines, or fud cdls.

“Battery electric vehicle” or “BEV” means any vehicle that operates soldly by use of a
battery or battery pack, or that is powered primarily through the use of an electric battery or battery
pack but uses aflywhed or capacitor that stores energy produced by the electric motor or through
regenerative braking to assist in vehicle operation.

“Battery or Battery pack” meansany dectricd energy storage device consisting of any
number of individua battery modules or cdlsthat is used to propd an battery dectric or hybrid eectric
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vehicle. Theseterms may dso genericdly refer to capacitor and flywhed energy storage devicesin the
context of hybrid eectric vehicles.

“Battery state-of-charge’” meansthe quantity of dectricd energy remaining in the battery
relaive to the maximum rated capacity of the battery expressed in percent.

“Charge-depleting” meanstha the battery of ahybrid eectric vehicle ultimatey fully
discharges and impairs vehicle operation as the vehicle continuoudy operates over agiven driving cycle
when no off-vehide charging is performed and the consumable fud isregularly replenished. Hybrid
electric vehicles are required to be classified as either charge-sustaining or charge-depleting over each
driving cycle (i.e. UDDS, HFEDS, US06, or SC03).

“Charge-sustaining” meansthat the battery of a hybrid dectric vehicle ultimately does not
fully discharge and impair vehicle operation as the vehicle continuoudy operates over agiven driving
cycle when no off-vehicle charging is performed and the consumable fud is regularly replenished.
Hybrid eectric vehicles are required to be classfied as ether charge-sustaining or charge-depleting over
each driving cycle (i.e. UDDS, HFEDS, US06, or SC03).

“Consumable fud” means any solid, liquid, or gaseous matter that releases energy when
consumed by an auxiliary power unit.

the passenger compartment of a vehicle but does not contribute to the propulsion of the vehicle.
“Hybrid electric vehicle” or *“HEV” means any vehicle that can draw propulson energy
from both of the following on-vehicle sources of stored energy: 1) aconsumable fuel and 2) an energy
storage device such as a battery, capacitor, or flywhed.
“Neighborhood Electric Vehicle” or “NEV” means amotor vehicle that meets the definition

of “low-speed vehicle” ether in section 385.5 of the Vehicle Code or in 49 CFR 571.500 (asit existed
on July 1, 2000), and is certified to zero-emisson vehicle standards.

“HFEDS’ means highway fud economy driving schedule. See 40 CFR [1600.109(b).

“ Off-vehicle char ge capable’ means having the capability to charge a battery from an off-
vehicle eectric energy source that cannot be connected or coupled to the vehicle in any manner while
the vehidle is being driven.

“Placed in service” means having been sold or leased to an end-user and not just to adedler
or other digtribution chain entity, and having been individualy registered for on-road use by the
Cdifornia Department of Motor Vehicles.

“PZEV" means any vehidethat is ddivered for sdein Cdiforniaand that qudifies for a partid
ZEV dlowanceof at least 0.2.

“SC03” meansthe U.S. EPA SCO3 driving schedule representing vehicle operation with air
conditioning, as set forth in Appendix | of 40 CFR Part 86.
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“SOC Net Change Tolerance” means the state-of-charge net change tolerance that is
gpplied to the SOC Criterion for charge-sustaining hybrid dectric vehicles when vdidating an emisson
test. See section D.8 of these procedures for tolerance specifications.

“SOC Criterion” means the state-of-charge criterion that is gpplied to charge-sustaining
hybrid eectric vehicle to validate an emisson test. The SOC Criterion requires that no net changein
battery energy occurs over agiven test cycle, i.e. thefinal battery state-of-charge that is recorded at the
end of the emission test must be equivadent to theinitia battery state-of-charge thet is set at the
beginning of the emisson test. The SOC Net Change Tolerance shdl be applied to the SOC Criterion.

“ Specialty electric vehicle” means averson of an exiging eectric vehicle thet is desgned for
acommercia or governmental fleet application, and has the same baitery pack and chassis asthe
exiging dectric vehide from which it is modified.

“US06” means the USD6 driving schedule for aggressive driving as set forth in Appendix | of
40 CFR Part 86.

“UDDS’ means urban dynamometer driving schedule as set forth Appendix | of 40 CFR Part

86.
“Zero-emission vehicle” or “ZEV” means any vehicle certified to zero-emission sandards.
“Zero-emisson VM T” means the vehicle miles traveed with zero exhaust emissons of any
criteria pollutant (or precursor pollutant).
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C. Zero-Emission Vehicle Standards.

1 ZEV Emisson Standard. The Executive Officer shdl certify new 2003 and
subsequent model passenger cars, light-duty trucks and medium-duty vehicles as ZEVsif the vehicles
produce zero exhaust emissons of any criteria pollutant (or precursor pollutant) under any and dl
possible operational modes and conditions. Incorporation of a fuel-fired heater shall not preclude a
vehicle from being certified asa ZEV provided: (1) the fud-fired heater cannot be operated at ambient
temperatures above 40°F, (2) the heater is demonstrated to have zero fudl evaporative emissions under
any and dl possble operationd modes and conditions, and (3) the emissions of any pollutant from the
fuel-fired heater when operated at an ambient temperature between 68°F and 86°F do not exceed the
emission standard for that pollutant for a ULEV under section 1961(a)(1), title 13, CCR.

A vehicle that would meet the emissons standards for a ZEV except that it uses afuel-fired
heater that can be operated at ambient temperatures above 40°F, that cannot be demonstrated to have
zero fud evaporative emissons under any and dl possible operation modes and conditions, or that has
emissons of any pollutant exceeding the emission standard for that pollutant for aULEV under section
1961(a)(1), title 13, CCR, shdl be certified based on the emission leve of the fuel-fired heeter.

2. Per centage ZEV Requirements

21  General Percentage ZEV Requirement.

(a) Basic Requirement. The minimum percentage ZEV requirement for each manufacturer in
2003-and-subsequent-mode-years is lised that-at-teast-10% in the table bel ow as the percentage of the
PCsand LDT1s, and LDT2s to the extent required by section C.2.2(c), produced by the manufacturer
and ddivered for sdle in Cdiforniatha must be ZEV's, subject to the conditions in Ssection G-2-4

through C.24 C.2.2.

Modd Years Minimum ZEV Requirement
2003 through 2008 10 percent
2009 through 2011 11 percent
2012 through 2014 12 percent
2015 through 2017 14 percent
2018 and subsequent 16 percent

(b) Calculating the Number of Vehicles to Which the Percentage ZEV Requirement is
Applied. A manufacturer’s volume of PCs and LDT1s produced and delivered for sdein Cdifornia
will be averaged for the 1997, 1998, and 1999 modd years to determine the CdiforniaPC and LDT1
production volume for the mode year 2003 to 2005 ZEV requirements. For subsequent three-year
periods following modd years 2003 to 2005, a manufacturer’s California production volume of PCs
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and LDT1s, and LDT2s as applicable, will be based on athree-year average of the manufacturer’s
volume of PCsand LDT1s, and LDT2s as applicable, produced and ddlivered for sdle in Cdiforniain
the prior fourth, fifth and sixth years (e.g. 2006 to 2008 modd-year ZEV requirements will be based on
Cdifornia production volumes of PCsand LDT1s, and LDT2s as applicable, for 2000 to 2002 moded
years). This production averaging is used to determine ZEV requirements only, and has no effect on a
manufacturer’ s Sze determination.  As an dternative to the three year averaging of prior year production
described above, a manufacturer may during the first model year of athree year period €ect to base its
ZEV obligation on the number of PCsand LDT1s, and LDT2sto the extent required by section
C.2.1(c), produced by the manufacturer and delivered for sdle in Cdiforniathat sameyear. If a
manufacturer dects to use this method it must be used for each year of the three-year period. In
applying the ZEV requirement, aPC, e~LDT1, or LDT2 (beginning in the 2007 modd year) thet is
produced by asmal volume manufacturer, but is marketed in Cdifornia by another manufacturer under
the other manufacturer’ s nameplate, shall be treated as having been produced by the marketing
manufacturer.

(c) Phase-in of ZEV Requirements for LDT2s. Beginning with the ZEV reguirements for
the 2007 modd year, a manufacturer’s LDT?2 production shdl be induded in determining the
manufacturer’ s overdl ZEV requirement under section C.2.1(a) in the increasing percentages shown the
table below.

2007 2008 2009 2010 2011 2012+
17% 34% 51% 68% 85% 100%

212 Basie Requirementsfor LargeVolume, Intermediate Volume, | ndependent
L ow Volume, and Small Volume Manufacturers.

———

@ Large Volume Manufacturers. 1n 2003 and-sdbsequent through 2008 modd years, a
large-volume manufacturer must meet at least 40% 20% of its ZEV requirement with ZEVs; fd-ZEV
alowanecevehicles, or ZEV credits generated by such vehicles, and at |east another 20% with ZEVSs,
advanced technology PZEV's, or credits generated by such vehicles. The remainder of the large-volume
manufacturer’ s ZEV requirement may be met using partia-ZEValewance vehicles PZEV s or credits
generated by such vehicles. Asthe ZEV requirement increases over time (from 10% in modd year
2003 to 16% in mode year 2018), the maximum portion of the ZEV requirement that may be satisfied
by 0.2 dlowance PZEVs, or credits generated by such vehicles, is limited to 6% of the manufacturer’s
applicable CdiforniaPC, LDT1, and LDT2 production volume; advanced technology PZEV s or credits
generated by such vehicles may be used to meet up to one-hdf of the manufacturer’ s remaining ZEV

requirement.

(b) Intermediate Volume Manufacturers. 1n 2003 and subsequent modd years, an
intermediate volume manufacturer may meet its ZEV requirement with up to 100 percent partia ZEV
dlowance vehicles or credits generated by such vehicles.
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(© Small Volume Manufacturers and Independent Low Volume Manufacturers. A
smd|l volume manufacturer or an independent low volume manufacturer is not required to meet the
percentage ZEV requirements. However, asmall volume manufacturer or an independent low volume
manufacturer may earn and market credits for the ZEV's or ZEM-allewance vehicles PZEV s it produces
and ddiversfor sdlein Cdifornia

2.23 Countlng ZEVs and ZE\LA#ewanee#etheL&s PZEVs in Fleet Average NM OG
Calculations. : » O »
fFor the purposes of caculaing a mmufacturer sfleet average NM OG vd ue and NM OG credits under
sections 1961(b) and (c), avehicle certified asaZEV is counted as one ZEV, and a Partia-ZEV

dJrewaqee%temdesshdl-be PZEV is counted as one SULEVs certified to the 150,000 mllestandards

2.34 Implementation Prior to 2003 Model Year. Prior to the 2003 model year, a
manufacturer that voluntarily produces vehicles meeting the ZEV emisson standards gpplicable to 2003
and subsequent modd year vehicles may certify the vehicles to those standards and requirements for
purposes of caculating fleet average NMOG exhaust emission values and NMOG credits under
sections 1961(b) and (c), and for calculating ZEV credits as set forth in section C.47.

245 Changesin Small Volume, Independent L ow Volume, and Intermediate Volume
Manufacturer Status. In 2003 and subsequent model years, if asmall volume manufacturer’s average
Cdlifornia production volume exceeds 4,500 units of new PCs, LDTs, and MDV s based on the average
number of vehicles produced and delivered for sde for the three previous consecutive model years, or if
an independent low volume manufacturer’ s average Cdifornia production volume exceeds 10,000 units
of new PCs, LDTs, and MDV's based on the average number of vehicles produced and delivered for
sdefor the three previous consecutive model years, or if an intermediate volume manufacturer’ s average
Cdifornia production volume exceeds 35;000 60,000 units of new PCs, LDTs, and MDV's based on
the average number of vehicles produced and ddlivered for sae for the three previous consecutive
modd years, the manufacturer shdl no longer be treated as a smdl volume, independent low volume, or
intermedi ate volume manufacturer, as gpplicable, and shal comply with the ZEV requirements for
independent low volume, intermediate volume or large volume manufacturers, as gpplicable, beginning
with the feurth Sxth modd year after the last of the three consecutive modd years. If a manufacturer’s
average Cdifornia production volume fdls below 4,500, 10,000 or 35;000 60,000 units of new PCs,
LDTs, and MDVs, as applicable, based on the average number of vehicles produced and delivered for
sdefor the three previous consecutive modd years, the manufacturer shal be treated asasmall volume,
independent low volume, or intermediate volume manufacturer, as gpplicable, and shall be subject to the
requirements for asmall volume, independent low volume, or intermediate volume manufacturer
beginning with the next modd year. In determining smal volume manufacturer status, vehicles produced
by one manufacturer and marketed in Cdifornia by another manufacturer under the other manufacturer’s
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nameplate shall be treated as part of the Cdifornia production volume of the saes of the marketing
manufacturer.

3. Partial and-Full ZEV Allowance Vehicles(PZEVS).

3.1  Introduction. Thissection C.3 setsforth the criteriafor identifying vehicles ddlivered
for sdein Cdifornia as partia-er-ful - ZEV dlowance vehicles PZEVS. A partia-ZEV -dlowance vehicle
PZEV isavehide that isddiveredfor-sdein-California-and-that cannot be certified asa ZEV but
qudlflesfor apamal PZEV dlovvanceof a Ieest 0.2 but—les#m—LO—A—tuM—Za/—deewaqeeAiehﬁeﬁ

3.2 BasdlinePartial PZEV Allowance. In order for avehicleto be digibleto receive a
partiaor-full PZEV dlowance, the manufacturer must demonstrate compliance with dl of the following
requirements. A quaifying vehicle will receive a basdine partid PZEV dlowance of 0.2.

@ SULEV Sandards. Certify the vehicle to the 150,000-mile SULEV exhaust emission
standards for PCsand LDTsin section 1961(a)(1), title 13, CCR (for model years 2003 through 2006,
exising SULEV intermediate in-use compliance standards shdl apply to dl PZEVS);

(b) Evaporative Emissions. Certify the vehicle to the evgporative emisson standardsin
section 1976(b)(2)(E), title 13, CCR (“zero” evaporative emissons standards);

(© OBD. Certify that the vehicle will meet the applicable on-board diagnostic requirements
in section 1968.1, title 13, CCR for 150,000 miles; and

(d) Extended Warranty. Extend the performance and defects warranty period set forth in
sections 2037(b)(2) and 2038(b)(2), title 13, CCR to 15 years or 150,000 miles, whichever occurs
first. For HEVsthat are advanced technology PZEV's, the traction battery must beincluded asa
war item

33 Zero-Emisson VMT Partiat PZEV Allowance.

@ Calculation of Zero Emission VMT Allowance. A vehicle that meetsthe
requirements of section C.3.2 and has zero-emission vehicle milestraveled (*VMT”) capability will
generate an additiond zero emisson VMT PZEV dlowance, net-to-exceed-0-6,-according-to-the
fellewing-eguation calculated as follows:
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Urban All-Electric Range Zero-emisson VM T Allowance
< 10 miles 0.0
10 milesto 120 miles (10 + [0.5 x Urban AER])/35
>120 miles 2.0

{b)

tThe urban dl-eectric range(AER) shdl be determl nedin accordance with section E.3. (2)(a) of th@e
test procedures..

Urban All-Electric Range Zero-emission VMT-Factors:
<20 miles 0.0
100-miles 10

{e)(b) Alternative Procedures. Asan dternative to determining the zero-emisson VMT

alowance faeter in accordance with the preceding section C.3.3(b)(a), amanufacturer may submit for
Executive Officer gpprova an dternative procedure for determining the zero-emisson VMT potentid of
the vehicle, dong with an engineering evauation that adequately substantiates the zero-emisson VMT
determination. For example, an dternative procedure may provide that a vehicle with zero-emissions of
one regulated pollutant (e.g. NOx) and not another (eg. NMOG) will qudify for azero-emisson VMT
dlowance faeter of 95 one-haf that of avehldeW|th 2610 emlssonsof al requlated poIIutant upen

(d)(c) Additional Allowances for Qualifying HEVs. The Executive Officer shall gpprove an

additional 0.1 zero-emisson VMT partia ZEV dlowance for an HEV with an al-eectric range greater
than-20-miles if the manufacturer demongrates to the reasonable satisfaction of the Executive Officer
that the HEV is equipped with software and/or other strategies that would promote maximum use of off-
vehicle charg| ng, and that the strar[egles empl oyed ae reesonably reliable and tamper proof o

3.4  Partial PZEV Allowance for Advanced ZEV Componentry. A vehicle that meets
the requirements of section C.3.2 but does not qudify for any zero-emisson VMT partid PZEV
alowance under section C.3.3 shal may quadify for an advanced componentry partial PZEV dlowance
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(a Use of High Pressure Gaseous Fuel or Hydrogen Sorage System. A vehide

equipped with a high pressure gaseous fud storage system capable of refuding at 3600 pounds per
sguare inch or more and operating exclusvey on this gaseous fud shdl qudify for an advanced
componentry PZEV dlowance of 0.1. A vehide fuded exclusively by hydrogen stored in ahigh
pressure system capable of refuding at 3600 pounds per square inch or more, or stored in hongaseous
form, shdl dso qudify for an advanced componentry PZEV dlowance of 0.1.

(b) Other Advanced Componentry. A vehicle shdl quaify for an additiona advanced
componentry dlowanceif the manufacturer demondrates to the reasonable satisfaction of the Executive
Officer that the vehicleis equipped with advanced ZEV componentry such as an advanced battery
integrd to the operation of the vehicle power train or an eectric power train. The dlowance earned by
avehicle shdl be cdculated according to one of the following methods, as dected by the manufacturer:

Q) CO, Reduction Method.

(A)  General. A vehicle whose operation resultsin reduced CO, emissions as compared to
the average vehidein its dass may qudify for an additiona advanced componentry dlowancein
accordance with this section C3.4(b)(1). The vehicle sclassis determined in accordance with section
C.5.3.

(B)  Equation for Determining Additional Allowance. The following equation is used to
cdculate the additiona alowance, provided that in order to earn any additiona alowance, the CO,
Savings must be at least 39,000:

Advanced Componentry Allowance = CO, Savings . 250,000

Where: CO, Savings = (Class Average CO, Production) — (Vehicle CO, Production) Vehicle CO,
Production = (150,000 . CMPEG) = 19.564
CMPEG is determined in accordance with section C.5.2
Class Average CO, Production for the 2000-2007 model years is determined using the

following table:
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Vehicle Class Class Average CO,
Production, 2000-2007 MY

Subcompact PC 95, 902

Compact PC 96,533

Midsize PC 108,689

Large PC 114,633

Smadl Truck 117,384

Medium Truck 137,131

Large Truck 161,242

Class Average CO, Production for the 2008-2014 modd yearsis determined in
accordance with the following equation:

Class Average CO, Production = (150,000 / Basdline Fuel Economy for modd years 2008-
2014) © 19.564

Where: Basdine Fud Economy for moded years 2008-2014 means Basdline Fud Economy for ether
the 2008-2011 or 2012-2014 modd vears, as applicable, as determined in accordance
with section C5.5.

(C)  Alternative Method for Determining CO, Savings of a Vehicle That |s Not
Gasoline-Fueled. For purposes of the equation in section C.3.4(b)(1)(B), the Executive Officer shall
approve an dternative method for determining CO, savings of avehide tha is not gasolinefuded, if the
manufacturer submits the dternative method with an engineering evauation that demondrates to the
reasonable satisfaction of the Executive Officer that the dternative method fairly represents the CO»
impacts of the vehicle.

(2)  Alternative Efficiency Method. A manufacturer may elect to have avehicle's
additional advanced componentry alowance determined according to the Efficiency Method, in which
ca=e the dlowance shdl be determined in accordance with the following equation:
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Advanced Componentry Allowance = ((CMPEG / (1.3 * Basdine Fud Economy)) —1) * 0.5

Where: CMPEG is determined in accordance with section C.5.2.
Basdine Fud Economy is determined in accordance with section C.5.4.

A vehicle earning an Efficiency Method advanced componentry alowance of less than zero pursuant to
this subsection will be treated as having an Efficiency Method advanced componentry alowance of
ZEexo.

3 Alternative Percent Peak Power Method For the 2000-2007 Model Years. For
the 2000-2007 modd years only, a manufacturer may eect to have avehicle s additiona advanced
componentry alowance determined using the Percent Peak Power method, in which case the dlowance
shdl be determined in accordance with the following eguation:

Advanced Componentry Allowance = Percentage of “ maximum available power” from the
dectric sorage device

Where: Percentage of “maximum available power” means the maximum system power output available
from the dectrica storage device divided by the sum of the dectrical storage device and
the SAE net power of the heat engine. Percentage of “ maximum available power”
means the maximum system power output available from the eectrica storage device
divided by the sum of the maximum system power output available from the dectrica
storage device and the SAE net power of the heat engine. To determine the maximum
system power output from the eectrica storage device, the complete pack will be
subjected to a 10-second, constant power discharge at the maximum 10-second power
specified by the OEM. End of pulse voltage must meet or exceed OEM specified
minimum voltage. If end of pulse voltage is less than the OEM specified minimum
voltage, the test must be repected a alower power leve until the minimum voltage
requirement is satisfied. All tests shdl be performed at 25 degrees Casus.

In order to earn any score using the Percent Peak Power method a vehicle must be able to recover
Kinetic energy through regenerative braking and provide at least 13 percent of “maximum available
power” from the dectrica storage device.

3.5  Partial PZEV Allowancefor Low Fuel-Cycle Emissions. A vehicle that uses fuel(s)
with very low fud-cycle emissons shdl receive a partidl PZEV alowance not to exceed 0.2. In order
to receive the fuel-cycle partial PZEV dlowance, a manufacturer must demondtrate to the Executive
Officer, usng peer-reviewed studies or other relevant information, that NMOG emissions associated
with the fuel(s) used by the vehicle (on agrams/mile basis) are lower than or equa to 0.01 gramsg/mile.
Fud-cycle emissons must be calculated based on near-term production methods and infrastructure
assumptions, and the uncertainty in the results must be quantified. The fuel-cycle partid PZEV
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dlowance is cdculated according to the following formula:

Partial PZEV Fue Cycle Allowance = 0.2 x [(percent of VMT using fuel(s) meeting the
requirements of the preceding paragraph)/ 100]

A manufacturer’ s demondration to the Executive Officer that a vehicle qudifies for afud-cycle paria
PZEV dlowance shdl include test results and/or empirical data supporting the estimate of the relative
proportion of VMT while operating on fud(s) with very low fud-cycle emissons.

3.6  Calculation of Combined PZEV Allowance for a Vehicle. The combined PZEV
dlowance for aqudifying vehide in a particular modd year isthe sum of: the PZEV dlowancesliged in
this section C.3.6, multiplied by any PZEV introduction phase-in multiplier or PZEV high efficiency
multiplier lised in section C.3.7 (if a 2002 through 2005 modd-year PZEV qudifies for both multipliers
listed in section C.3.7, the product of the two multipliersis used asthe PZEV multiplier).

@ Baseline PZEV Allowance. The basdine PZEV dlowance of 0.2 for vehicles meeting
the criteriain section C.3.2;

(b) Zero Emission VMT PZEV Allowance. The zero-emisson VMT PZEV dlowance, if
any, determined in accordance with section C.3.3.;-ret-te-exceed-0:6;

(© Advanced ZEV Componentry PZEV Allowance. The advanced ZEV componentry
PZEV dlowance, if any, determined in accordance with section C.3.4 netto-exceed 6-1; and

(d) Fuel-cycle Emissions PZEV Allowance. The fud-cycle emissons PZEV dlowance, if
any, determined in accordance with section C.3.5-ret-te-exceed-0-2.

3.7 PZEV Multipliers

(a PZEV Introduction Phase-1n Multiplier. Each 2000 through 2005 model-year PZEV
that is produced and delivered for sdein Cdifornia qudifies for a PZEV introduction phase-in multiplier
asfollows

MY 2000-2003 MY 2004 MY 2005
Multiplier 4.0 2.0 1.33

(b) AT PZEV High-Efficiency Multiplier. An AT PZEV qudifiesfor ahigh-efficiency
multiplier in accordance with section C.5 starting with the 2002 modd year.

(0) Introduction Phase-In Multiplier for PZEVswith > 10 Mile Zero Emission Range.
Each 2000 through 2011 modd year PZEV with > 10 miles zero emisson range that is produced and
As amended December 7, 2001
Board Hearing: January 25, 2001 C-9




ddivered for sdein Cdiforniaqudifies for a phase-in multiplier asfollows

MY 2000-2007 MY 2008-2009 MY 2010-2011

Multiplier 2.0 15 1.25

4. Qualification for ZEV Multipliers.

41  1999-2007 2000 Modd-Year ZEV Multiplier Calculation for Extended Electric
Range Vehicles. (8} Each ZEV andiull-ZEN-alowancevehicle that is produced and delivered for
sdein Cdiforniain the 1999 te - 2004 2000 modd years and that has an extended eectric range shdl
qudify for aZEV multiplier asfollows

All-electricrange | MY 1999-2000 | M-¥-2001-2002 | MY-2003-2005 | M-¥Y-2006-2007

100-175 6-10 4-6 2-4 -2

ZEV multipliers under the above schedule will be determined by linear interpolation between the vaues
shown in the above schedule. Range shdl be determined in accordance with section E.3.(2)(a) of these
test procedures. ZEVsthat have arefuding time of less than 10 minutes and arange of 100 miles or
more shal be counted as having unlimited dl-dectric range, and shal consequently earn the maximum
dlowable ZEV multiplier for a specific modd year. ZEVsthat have arange of 80 to 99 miles shal
qudify for ZEV multipliersin the 1999-2002 2000 modd years in accordance with the following
equation:

ZEV multiplier 6) x (AER

4.2  ZEV Multipliersfor 2001 and Subseguent Model Years.

(a) ZEV Phase-In Multiplier. Each 2001 to 2005 modd-year ZEV that is placed in
svice in Cdiforniaquaifies for a ZEV phase-in multiplier asfollows
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MY 2001-2002 MY 2003-2005

Multiplier

4.0

125

(b) ZEV Discount Multiplier for NEVs. Each 2004 and subsequent model-year NEV

that is produced and ddlivered for sdein Cdiforniais subject to a ZEV discount multiplier for NEVs as

follows:

MY 2004 - MY 2005 | MYs2006and Subseguent

Discount Multiplier

0.5

0.15

(c) ZEV Extended Electric Range Multiplier.

Q) Basic Multiplier Schedule. Each 2001 and subsequent model-year ZEV that is placed

in sarvicein Cdifornia and that has an extended urban dectric range qudifies for a ZEV extended

dectric range multiplier asfollows:

Urban All-Electric Range Multiplier

<50 miles 1
$ 50 milesto < 275 miles (Urban AER-25)/25
$ 275 miles 10

A NEV isnot digibleto earn a ZEV extended dectric range multiplier. In determining ZEV range

multipliers, specidty dectric vehicdes may, upon Executive Officer approvd, be tested at the parameters

used to determine the ZEV multipliers for the existing dectric vehicle.

(2) Fast refueling.

(A) Full Fudlingin 10 Minutes or Less. A 2008 and earlier moddl-year ZEV with the

demondtrated capability to accept fud or dectric charge until achieving at least 95% SOC or rated fue

capacity in 10 minutes or less when starting from al operationally alowable SOC or fud datesis

counted as having unlimited zero emisson range and quaifies for the maximum alowable ZEV extended

dectric range multiplier.
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(B) At Least 60-Mile Rangein Less Than 10 Minutes. A 2008 and earlier model year
ZEV with the demongtrated capacity to acoept fudl or dectric charge equivaent to at least 60 miles of
UDDS range when gtarting from 20% SOC in less than 10 minutesis counted as having 60 additiond
miles (up to a 275 mile maximum) of UDDS range in the range multiplier determination in section

C.4.2(c)(1).

3 Multiplier Phase Down. Starting with the 2005 model vesar, the ZEV extended dectric
range multiplier is phased down to 0.15 of its value in accordance with section C.5.6.

44  Combined ZEV Multiplier. Starting with the 2001 model year, the combined ZEV
multiplier for each ZEV in aspecific mode year is the product of:

1. The ZEV phase-in multiplier if any as set forth in section C.4.2(a), times

2. In the case of aNEV, the ZEV discount multiplier for NEVsif any as set forth in
section C.4.2(b), times

3. The extended dectric range multiplier if any as sat forth in section C.4.2(c) times

4, The high efficdency multiplier if any as set forth in section C5.

{6)4.5 Effect of ZEV Multipliers. In cdculating the number of ZEVs and full-ZEV
aowanecevehicles produced and ddivered for sde in Cdifornia by a manufacturer in amode year and
the ZEV credits from such vehicles, the number of ZEVs and ful-ZENV-alewancevehicles qudifying for
apaticular ZEV multiplier shal be multiplied by the combined ZEV multiplier.

5. ZEV and Advanced Technology PZEV High Efficiency Multipliers

5.1  Eligibility. Beginning with the 2005 mode! year for ZEV's and the 2002 model year for
advanced technology PZEV's, both ZEVs and PZEVs are digible for a high efficiency multiplier. A
NEV is not digible to earn an efficdency multiplier. A vehide earning an efficency multiplier vaue of less
than 1.00 pursuant to section C.5.3 will be treated as having an efficiency multiplier of 1.

5.2  Calculation of CMPEG Rating. For dl vehicletypes a CMPEG (Cdiforniamiles
per equivdent galon) rating is determined as follows:

(a For gasoline-fuded vehicdes and HEV's with < 10 mile zero-emission range, CMPEG =
Combined Fud Economy determined in accordance with 40 CFR Part 600 = 1/ [.55/ (EPA city mpg,
unadjusted) + .45 / (EPA highway mpg, unadjusted)].
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(b) For BEV's and off-vehicle charge capable HEV s with [ 10 mile with mile zero emisson
range, CMPEG = 33,705 AC whr/ga / (.55 (AC whr/mile UDDS) + .45 (AC whr/mile HFEDS))]
where AC whr/ mile values are determined in accordance with section E.3., “ Determination of All-
Electric Range-Urban,” and “ Determination of All-Electric Range- Highway.” Quadifying hybrid dectric
vehidle CMPEG determination shal be based solely on €ectric mode operating efficiency for vehicles
that are able to maintain test cycle speed and time tolerances for the entire zero-emission range test.

(c)(1) For vehicles operating on an dternative fue other than hydrogen, including CNG or
acohol, CMPEG = Combined Fuel Economy as determined in accordance with 40 CFR Part 600.
Alternate fud vehicle CMPEG shdll not be compensated with the federd (1/0.15) “fuel content” factor
used in determining average fud economy.

(2 For vehicles operating on hydrogen, CMPEG shdl be determined by converting the
combined fuel economy value measured on the basis of miles-per-kq of hydrogen (MPkg) into CMPEG
asfollows

Hydrogen MPkq x (1.0 kg H2/gdlon gasoline) = CMPEG

(d) For flexible-fud or dua-fue vehicles CMPEG is the lowest of the federd combined
fud economy vaues determined for any fud or fud mixture on which the vehideis certified to operate.

53 Vehicleclasses.

(a List of vehicle classes. Efficiency multipliers will be determined based on assignment
of avehicleto one of thefollowing vehide dasses; interior volume is determined in accordance with
SAE Recommended Practice J1100 and U.S. EPA Fud economy regulations, 40 CFR 600.315-82.
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Vehicle Class Class Description
City Vehide 2 passenger dectric vehicle
(effective beginning in 2008 with length < 3 meters
mode year)
Subcompact PC Interior volume
up to 99 ft"3, and not a City
Vehide
Compact PC Interior volume
100-109 ft"3
Midsize PC Interior volume
110- 119 ft"3
Large PC Interior volume
over 120 ft"3
Smdl Truck LDT1
Medium Truck LDT 2
Large Truck LDT3& 4

(b) Assignment of derivative or converted vehicles. A derivative gation wagon shdl be
placed in the same class as the sedan on which it is based. A minivan shdl be placed in the appropriate
truck category based on adjusted or adjusted loaded vehicle weight. A derivative or converson ZEV
that shares a production platform with one or more gasoline engine versons shdl be placed in the same
class asthe smdlest or lightest gasoline version of the same platform for that mode year.

54  High efficiency multipliersfor the 2002-2007 model years. For modd years
2002-2007, the efficiency multiplier for each vehide dass is determined according to the following

equation:

High Efficiency Multiplier = CMPEG / (1.5 * Basdine Fud Economy)

Where: Basdine Fud Economy is determined in accordance with the following table:
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Vehicle Class Basdgline Fuel Economy MY
2002-2007
Subcompact PC 30.6
Compact PC 30.4
Midsize PC 27.0
Large PC 25.6
Smdll Truck 25.0
Medium Truck 21.4
Large Truck 18.2

55  High efficiency multipliersfor the 2008 and subsequent model years. For the
2008 and subsequent modd years, the efficiency multiplier for each vehicle dassis determined in
accordance with the following equations;

For ZEVs and PZEVswith > 10 mile Zero Emisson Range: Efficiency multiplier = CMPEG /
(2.0 * Basdline Fud Economy)

For dl other AT PZEV s Efficiency multiplier = CMPEG / (1.5 * Basdine Fud Economy)

Where: Baseline Fuel Economy for modd years 2008-2011 is the modd year 2004
unadjusted-combined federd sales-weighted fuel economy for the vehicle dass as
determined by U.S. EPA. For a City Vehicle, the basdine fud economy is45.9.

Basdline Fuel Economy for Mode Y ears 2012-2014 is the modd year 2008
unadjusted-combined federd sales-weighted fuel economy for the vehicle dass as
determined by U.S. EPA. For a City Vehicle, the basdine fud economy is45.9.

Baseline Fuel Economy for modd years 2015 and beyond shal be determined using
the same methodology .

5.6 Phasing in the High Efficiency Multiplier for ZEVs.

(a Range and Efficiency Phasing Standards. For ZEV s and-extended+range- HEVS, the
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high efficiency multiplier is phased in, and the extended eectric range multiplier is phased down to 0.15
of itsinitid vaue, usng the phasing factorsin the following schedule:

Range and Efficiency Phasing Factorsfor Each Modd Year

2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012+
Range 1.000 | 0.825 | 0.600 | 0.450 | 0.300 | 0.250 | 0.200 | 0.200 | 0.150
Effigency | 0.000 | 0.100 | 0.350 | 0.550 | 0.600 | 0.700 | 0.800 | 0.800 | 0.825

(B)  Application of the Range and Efficiency Phasing Factors. The range and efficiency
phasing factors are applied as follows:

Phasad range multiplier = ((range multiplier —1) © range phasing factor) + 1

Phasad efficiency multiplier = ((efficiency multiplier — 1)~ efficiency phasing factor) + 1

6. |n-Service Warranty Multiplier for ZEVsand PZEVsWith $ 10 MileZero
Emission Range. Except in the case of aNEV, an additiond ZEV or PZEV multiplier will be earned
for the 2001 through 2011 modd yearsby aZEV or aPZEV with $10 mile zero emission range whose
Zero-emission energy storage or converson system is under an origind warranty from the vehicle
manufacturer beyond three years of service and is registered for operation on public roadsin Cdifornia

For the 2001 through 2007 modd years, a manufacturer will receive 0.1 timesthe ZEV credit earned
by the vehicleif it were leased or sold new in tha year, including multipliers, on ayear-by-year basis
beginning in the fourth year. For the 2008 through 2011 modd years, a manufacturer will receive 0.05
timesthe ZEV credit earned by the vehideiif it were leased or sold new in that year, including
multipliers, on ayear-by-year basis beginning in the fourth year. The warranty multiplier is reported and
earned in the year following each continuous year of service. ZEV'S, other than NEV'S, re-leased prior
to January 25, 2001 for a period beyond three years of service will earn an additiond ZEV multiplier of
0.1 timesthe ZEV credit earned by the vehidleif it were leased or sold new in that year, including
multipliers, for each additiond year that they are in service and registered for operation on public roads
in Cdifornia._Such vehicles are not required to have the zero emisson energy storage or converson
system under an origind warranty from the vehicle manufacturer.

7. Generation and Use of ZEV Credits; Calculation of Penalties

7.1  Introduction. A manufacturer that produces and deliversfor sdein CdiforniaZEVsor
PZEVsin agiven modd year exceeding the manufacturer’s ZEV requirement set forth in section C.2
shal earn ZEV credits in accordance with this section C.7.

4.27.2 ZEV Credit Calculations.
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@ Creditsfrom ZEVsaneI Eul-l—ZE\LAJ—Lewanee#eMeL&s

» : is: The amount of ZEV credits
earned by a manufacturer in agiven modd year from ZEVs shdl be expressed in units of g/mi NMOG,
and shdl be equa to the number of ZEVs produced and ddlivered for sde in Cdiforniathat the
manufacturer gpplies towards meeting the ZEV requirements for the modd year {ai-east40%-of-the
ZEVreguirementfor-atarge velume manudfacturer) subtracted from the number of ZEV's produced and
delivered for sde in Cdifornia by the manufacturer in the modd year and then multiplied by the NMOG
fleet average requirement for PCsand LDT1sfor that mode year.

(b) Creditsfrom Partia-ZEV-Allewance\ehicles PZEVs. Theamount of ZEV credits
from partid-ZEN-dlewanecevehicles PZEV s earned by a manufacturer in agiven modd year shal be
expressed in units of g/mi NMOG, and shdl be equd to the totad number of PZEV dlowances from
partid-ZENV-dlewanecevehicles PZEV s produced and delivered for sdein Cdiforniathat the
manufacturer applles towards meti ng itsZEV reqw rement for the mode year {a-umber-net-to-execeed
: subtracted from the total number of
PZEV dlowancesfrom pafﬂd—ZB/—dJrewaqee#ehteI&s PZEVs produced and delivered for sdein
Cdifornia by the manufacturer in the model year and then multiplied by the NMOG flegt average
requirement for PCsand LDT1sfor that mode year.

(© Separate Credit Accounts. The number of credits from amanufacturer’s[i] ZEVsand
full- ZEVAllewance vehidles [ii] advanced technoloqv PZEVs and [m] dl other PZEVsshdI each be
maintained separately froms
vehicles.

43 7.3 ZEV Creditsfor MDVsand LDTsother than LDT1s. ZEVsand PZEVs
classfied asMDVsor as LDTs other than LDT1s may be counted toward the ZEV requirement for
PCsand LDT1s, and included in the cdculation of ZEV credits as specified in this section C4 if the
manufacturer so designates.

74  ZEV Creditsfor Advanced Technology Demongtration Programs. A vehicle
placed in a Cdifornia advanced technology demondtration program may earn ZEV creditseven if itis
not “ddivered for sale” To earn such credits, the manufacturer must demongtrate to the reasonable
satigfaction of the Executive Officer that the vehicles will be reqularly used in applications appropriate to
evaluate issues rdated to safety, infrastructure, fud specifications or public education. Such avehideis
digible to receive the same dlowances and credits that it would have earned if placed in service. To
determine vehicle credit, the modd-year designation for a demonstration vehicle shdl be consstent with
the modd-year designation for conventiona vehicles placed in the same timeframe.
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7.5 ZEV Creditsfor Transportation Systems.

(a General. In model years 2001 through 2007, a ZEV, advanced technology PZEV or
PZEV placed as part of atrangportation system may earn additional ZEV credits, which may used in the
same manner as other credits earned by vehicles of that category, except as provided in section
C.7.5(c) below. A NEV isnot dligible to earn credit for transportation systems. To earn such credits,
the manufacturer must demondrate to the reasonable satisfaction of the Executive Officer that the
vehicle will be used as apart of aproject that uses an innovative trangportation system.

(b) Credits Earned. In order to earn additiona credit under this section (g)(5), aproject
mugt a aminimum demondtrate [i] shared use of ZEVs, AT PZEVs or PZEV's, and [ii] the application
of “inteligent” new technologies such as reservation management, card systems, depot management,
location management, charge billing and red-time wirdess information systems. _|f, in addition to factors
[i] and[ii] above, aproject also features linkage to trangt, the project may receive further additiona
credit. For ZEVs only, not including NEV's, a project that features linkage to trandt, such as dedicated
parking and charging facilities at trangt stations, but does not demonstrate shared use or the application
of intdligent new technologies, may dso recaive additiond credit for linkage to trangt. The maximum
credit awarded per vehicle shdl be determined by the Executive Officer, based upon an application
submitted by the manufacturer and, if appropriate, the project manager. The maximum credit awarded
shdl not exceed the following:

Type of Vehicle Shared Use, Intelligence Linkageto Transit
PZEV 2 1
Advanced Technology PZEV 4 2
ZEV 6 3

(c) Cap on Use of Credits.

Q) ZEVs. Credits earned or dlocated by ZEV's pursuant to this section C.7.5, including all
credits earned by the vehicle itsaf, may be used to satisty up to one-tenth of amanufacturer’s ZEV
obligation in any given modd year.

(2) AT PZEVs. Credits earned or dlocated by AT PZEVs pursuant to this section C.7.5,
including al credits earned by the vehidle itsdf, may be used to satisfy up to one-twentieth of a
manufacturer’s ZEV obligation in any given modd year, but may only be used in the same manner as
other credits earned by vehicles of that category.

3 PZEVs. Credits earned or adlocated by PZEV s pursuant to this section C.7.5, including
al credits earned by the vehidleitsdlf, may be used to satisfy up to onefiftieth of the manufacturer’s
ZEV aobligation in any given modd year, but may only be used in the same manner as other credits
earned by vehicles of that category.
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(d) Allocation of Credits. Credits shall be assigned by the Executive Officer to the project
manager or, in the absence of a separate project manager, to the vehicle manufacturers upon
demonstration that a vehicle has been placed in aproject. Credits shdl be dlocated to vehicle
manufacturers by the Executive Officer in accordance with arecommendation submitted in writing by
the project manager and signed by all manufacturers participating in the project, and need not be
dlocated in direct proportion to the number of vehicles placed.

44 7.6 Submittal of ZEV Credits. A manufacturer may meset the ZEV requirementsin any
given mode year by submitting to the Executive Officer acommensurate amount of ZEV credits
consstent with section C.2. These credits may be earned previoudy by the manufacturer or acquired
from another manufacturer-, except that beginning with the 2006 modd year credits earned from NEV's
offered for sde or placed in service in_modd years 2001 through 2005 cannot be used to satisfy more
than the following portion of any program category (ZEV, AT PZEV, PZEV):

2006 2007 and beyond
75% 50%

This limitation applies to credits earned in modd years 2001 through 2005 by the same manufacturer or
earned in modd years 2001 through 2005 by another manufacturer and acquired. The amount of ZEV
credits required to be submitted shal be calculated according to the criteria set forth in this section
C.47.

4.5 7.7 Requirement to Make Up a ZEV Deficit.

(a General. A manufacturer that produces and ddiversfor sdein Cdiforniafewer ZEVs
than required in agiven mode year shal make up the deficit by the end of the next mode year by
submitting to the Executive Officer a commensurate amount of ZEV credits, except that credits
generated from PZEV's may be used to offset deficits for two model years. The amount of ZEV credits
required to be submitted shal be caculated by (A) [i] adding the number of ZEV's produced and
delivered for sde in Cdifornia by the manufacturer for the mode year to the number of ZEV dlowances
from partid ZEV dlowance vehides produced and delivered for sde in Cdifornia by the manufacturer
for the mode year (ret-to-exeeed 60%-of for alarge volume manufacturer-sZEVreguirement, Not to
exceed that permitted under section C.2.1, (B} [ii] subtracting that total from the number of ZEV's
required to be produced and delivered for sde in Cdifornia by the manufacturer for the mode year, and
£ [iii] multiplying the resulting vaue by the fleet average requirements for PCs and LDT1s for the
mode year in which the deficit isincurred.

(b) Additional Time to Make Up ZEV Deficits for the 2003-2004 Model Years.
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()] Model-Year 2003 ZEV Deficits. A manufacturer that produces, and ddiversfor sdle
in Cdlifornia, moddl-year 2003 or earlier PZEV s that generate at least twice as many credits as are
necessary to take full advantage of the manufacturer’s 60% PZEV option for the 2003 modd year has
through the 2007 modd year to fully exercise its option to meet an additiona 20% of its ZEV
requirement for the 2003 modd year with credits from advanced technology PZEVs.

(2 Model-Year 2004 ZEV Deficits. A manufacturer that qualifies under
section C.7.7(b)(1), and produces, and ddiversfor sdein Cdlifornia, mode-year 2004 or earlier
PZEVsthat generate at least twice as many credits as are necessary to take full advantage of the
manufacturer’ s 60% PZEV option for the 2003 and 2004 modd years, has through the 2008 mode
year to fully exerciseits option to meet an additiona 20% of its ZEV requirement for the 2004 modd
year with credits from advanced technology PZEVs.

4.6 7.8 Penalty for Failureto Meet ZEV Requirements. Any manufecturer thet failsto
produce and ddliver for salein Cdifornia the required number of ZEV's or submit an appropriate amount
of ZEV credits and does not make up ZEV deficits within the specified time period shall be subject to
the Hedlth and Safety Code section 43211 civil penalty agpplicable to a manufacturer that sells anew
motor vehicle that does not meet the applicable emission standards adopted by the state board. The
cause of action shall be deemed to accrue when the ZEV deficits are not balanced by the end of the
specified time period. For the purposes of Health and Safety Code section 43211, the number of
vehicles not meeting the state board's standards shall be calculated according to the following equation,
provided that Re-rerethan-60% the percentage of alarge volume manufacturer’s ZEV requirement for
agiven modd year that may be satidfied with partid ZEV dlowance vehicles or ZEV credits from such
vehicles may not exceed the percentages permitted under section C.2.1:

(No. of ZEVsrequired to be produced and delivered for sde in Cdiforniafor the mode year) -
(No. of ZEVs produced and delivered for sde in Cdiforniafor the modd year) - (No. of ZEV
alowances from partid ZEV dlowance vehicles produced and delivered for sde in Cdifornia
for themoded year) - [(Amount of ZEV credits submitted for the mode

year) / (the fleet average requirement for PCs and LDT1s for the mode-year)].
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D. Certification Requirements

1 Durability and Emission Testing Requirements. All ZEVsare exempt from all
mileage and service accumulation, durability-data vehicle, and emisson-data vehicle testing
requirements.

2. Information Requirements: Application for Certification. Except as noted below,
the Part | (40 CFR 8§ 86.1843-01(c)) certification application shal include the following:

21  Identificatiion and description of the vehicle(s) covered by the application.

2.2 Identification of the vehicle weight category to which the vehicleis certifying: PC, LDT
0-3750 Ibs. LVW, LDT 3751-5750 Ibs. LVW, LDT 3751 Ibs. LVW - 8500 Ibs. GVW, or MDV
(state test weight range), and the curb weight and gross vehicle weight reting of the vehicle,

2.3 Identification and description of the propulson system for the vehicle.
24  Identification and description of the climate control system used on the vehicle,

25  Projected number of vehicles produced and ddivered for sdein Cdifornia, and
projected Cdiforniasaes.

2.6  Identification of the energy usage in kilowett-hours per mile from:
@ the battery output (DC energy) (to be submitted with the Part 11 certification
application (40 CFR 8§ 86.1843-01(d));
(b) the point when eectricity isintroduced from the eectrical outlet (AC energy);
and
(© the operating range in miles of the vehicle when tested in accordance with the
All-Electric Range Test st forth in Ssection E, below.

2.7  Forthose ZEVsand HEVsthat use fud-fired heaters, the manufacturer shdl provide:
@ adescription of the control system logic of the fuel-fired heater, including an
evauation of the conditions under which the fud-fired heater can be operated and an evauation
of the possible operationa modes and conditions under which evaporative emissons can exist;
(b) the exhaust emissons vaue per mile produced by the auxiliary fuel-fired heater
operated between 68°F and 86°F; and
(© the test plan which describes the procedure used to determine the mass
emissions of the fud-fired heater.

2.8  All informetion necessary for proper and safe operation of the vehicle, including
information on the safe handling of the battery system, emergency procedures to follow in the event of
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battery leakage or other malfunctions that may affect the safety of the vehicle operator or [aboratory
personnd.

2.9  Mehod for determining battery state-of-charge, battery charging capacity and
recharging procedures, and any other rlevant information as determined by the Executive Officer.

2.10 Battery specific energy data and cdculations as specified in Ssection E.4 of these
procedures including the weight of the battery system and the three hour discharge rate (C/3) energy

capacity.

2.11 Vehicle and battery bresk-in period as specified in Ssection E.2 of these test
procedures.

2.12 Labding shdl conform with the requirements specified in section 1965, title 13, CCR
and the CdiforniaMotor Vehicle Emisson Control and Smog Index Label Specifications.

2.13 ForaZEV, extended range HEV or PZEV that quaifiesto receive one or more
multipliers under sections C.3 - C.7, the manufacturer shal provide dl information relevant to the
vehicd€ s qudification for, and the estimated vadue of, the multiplier(s). The Executive Officer may
request additiond information needed to appropriately characterize the vehicle. Based on the submitted
information and other rlevant data, the Executive Officer shal assgn to the vehide the highest
multiplier(s) for which the manufacturer has demongrated the vehicle gudifies a that time.

2.14 Where amanufacturer plansto reguire any scheduled maintenance for a PZEV before
150,000 miles, the manufacturer must submit information demongtrating the need for each scheduled
maintenance item before 150,000 miles, including actud in-use data, engineering evauation of the
durability of the part, or other rlevant information.  The manufacturer may require such maintenance for
aPZEV only upon the Executive Officer’ s determination, prior to certification, the manufacturer has
demonstrated the need for the scheduled maintenance; this determination may not unreasonably be
denied.
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E. Test Procedures

The *as adopted or amended dates’ of the 40 CFR Part 86 regulations referenced by this
document are the dates identified in the “ Cdifornia Exhaust Emission Standards and Test Procedures
for 2001 and Subsequent Model Passenger Cars, Light-Duty Trucks and Medium-Duty Vehicles’
incorporated by reference in section 1961(d), title 13, CCR.

1. Electric Dynamometer. All ZEVsmug be tested using a48-inch singleroll dectric
dynamometer meeting the requirements of 40 CFR Subpart B, 8§ 86.108-00(b)(2).

2. Vehicleand Battery Break-In Period. A manufacturer shal use good engineering
judgment in determining the proper stabilized emissons mileage test point and report same according to
the requirements of Ssection D.2.11 above.

3. All-Electric Range Test. All 2001 and subsequent ZEV's and only off-vehicle charge
capable hybrid dectric vehicles shal be subject to the All-Electric Range Test specified below for the
purpose of determining the energy efficiency and operating range of aZEV or of an off-vehicle charge
cgpable hybrid eectric vehicle operating without the use of its auxiliary power unit. For hybrid dectric
vehicles, the manufacturer may elect to conduct the All-Electric Range Test prior to vehicle
preconditioning in the exhaust and evaporative emisson test sequence specified in the “Cdifornia
Evaporative Emission Standards and Test Procedures for 2001 and Subsequent Model Motor
Vehicles’ asincorporated by reference in section 1976, Title 13, CCR.

5 3.1 Cold soak. Thevehicle shdl be stored at an ambient temperature not less than
68°F (20°C) and not more than 86°F (30°C) for 12 to 36 hours. During thistime, the
vehicle s battery shdl be charged to afull sate-of-charge.

2 3.2 Driving schedule.

) 3.2.1 Determination of All-Electric Range-Urban.

() Attheend of the cold soak period, the vehicle shdl be placed, either driven or

pushed, onto a dynamometer and operated through successve Urban Dynamometer Driving
Schedules(UDDS) 40 CFR, Part 86, Appendlx [, whichi is mcorporated hereln by reference

§~864ﬂ5—99€b)(—19—and—€29 A 10m|nutesoek shdl follow each UDDS cycle.

(b) For vehicles with a maximum speed greater than or equd to the maximum speed on
the UDDS cycle, tFhis test sequence shdl be repeated until the vehicle is no longer ableto
maintain either the speed or time tolerances in 40 CFR 8 86.115-00 (b)(1) and (2), or the
manufacturer determines that the test should be terminated for safety reasons, e.g. excessvely
high battery temperature, abnormally low battery voltage, etc. For off-vehicle charge capable
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hybrid dectric vehicles, this determination shal be performed without the use of the auxiliary
power unit.

(¢) For vehides with a maximum speed less than the maximum speed on the UDDS
cyde, the vehicdle shdl be operated a maximum available power (or full throttle) when the
vehicle cannot achieve the speed trace within the speed and time tolerances specified in 40 CFR
886.115-00(b)(1) and (2). Thetest shal be terminated when the vehicle speed when operated
a maximum available power (or full throttle) fdls below 95 percent of the maximum speed
initidly achieved on the UDDS cycle or when the battery state-of-charge is depleted to the
lowest level alowed by the manufacturer, or the manufacturer determines that the test should be
terminated for safety reasons, e.g. excessvely high battery temperature, abnormally low battery
voltage, etc., whichever occursfirst. For off-vehicle charge capable hybrid dectric vehides, this
determination shdl be performed without the use of the auxiliary power unit.

{b)3.2.2 Determination of All-Electric Range-Highway.

(a) Attheend of the cold soak period, the vehicle shal be placed, either driven or
pushed, onto a dynamometer and operated through two successve Highway Fuel Economy
Driving Schedules (HFEDS), ieunel—m 40 CFR, Part 600 Appendlx I, WhICh IS mcorporated
herein by reference »
and{2). There shall be a 15 second zero speed with key on and brake depr%d between two
cycles and a 10-minute soak following the two HFEDS cycles.

ala¥a

(b) For vehicles with a maximum speed greater than or equd to the maximum speed on
the HFEDS cycle, tFhis test sequence shdl be repeated until the vehicle is no longer ableto
maintain either the speed or time tolerances in 40 CFR § 86.115-00 (b)(1) and (2), or the
manufacturer determines that the test should be terminated for safety reasons, e.g. excessvely
high battery temperature, abnormally low battery voltage, etc. For off-vehicle charge capable
hybrid dectric vehicles, this determination is optiona and shdl be performed without the use of
the auxiliary power unit.

(c) For vehides with a maximum speed less than the maximum speed on the HFEDS
cyde, the vehicdle shdl be operated a maximum available power (or full throttle) when the
vehicle cannot achieve the speed trace within the speed and time tolerances specified in 40 CFR
8 86.115-00(b)(1) and (2). Thetest shal be terminated when the vehicle speed when operated
a maximum available power (or full throttle) fdls below 95 percent of the maximum speed
initidly achieved on the HFEDS cycle or when the battery state-of-charge is depleted to the
lowest level alowed by the manufacturer, or the manufacturer determines that the test should be
terminated for safety reasons, e.q. excessvely high battery temperature, abnormally low battery
voltage, etc., whichever occursfirst. For off-vehicle charge capable hybrid dectric vehides, this
determination shdl be performed without the use of the auxiliary power unit.
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(d) NEVs are exempt from the dl-dectric range highway test.

3) 3.2.3 Recording requirements. Once the vehicleis no longer able to maintain the
gpeed and time requirements specified in (2) above, or once the auxiliary power unit turnson, in
the case of an off-vehicle charge capable hybrid eectric vehicle, the vehicle shal be brought to
an immediate stop and the following data recorded:

@ mileage accumulated during the All-Electric Range Tes;

(b) Net DC energy from the battery that was expended during the All-Electric Range Test
(may be reported as the total DC battery energy output and the total DC battery energy
input during the All-Electric Range Test);

(© AC energy required to fully charge the battery after the All-Electric Range Test from the
point where eectricity isintroduced from the eectric outlet to the battery charger; and

(d) DC energy required to fully charge the battery after the All-Electric Range Test from the
point where eectricity is introduced from the battery charger to the battery.

Battery charging shdl begin within 1 hour after terminating the All-Electric Range Tes.

4) 3.2.4 Regenerative braking. Regenerative braking systems may be utilized during
therangetest. The braking levd, if adjustable, shdl be set according to the manufacturer’s
specifications prior to the commencement of the test. The driving schedule speed and time
tolerances specified in (2) shdl not be exceeded due to the operation of the regenerative
braking system.

4, Determination of Battery Specific Energy for ZEVs

Determine the specific energy of batteries used to power aZEV in accordance with the U.S.
Advanced Battery Consortium'’s Electric Vehicle Battery Procedure Manua (January 1996), Procedure
No. 2, “Congant Current Discharge Test Series,” using the C/3 rate. The weight calculation must
reflect a completely functiond battery system as defined in the Appendix of the Manud, including
pack(s), required support ancillaries (e.g., therma management), and electronic controller.

5. Deter mination of the Emissions of the Fuel-fired Heater

The exhaugt emissions result of the fuel-fired heater shal be determined by operdting at a
maximum heating capacity with acold start between 68°F and 86°F for a period of 20 minutes and
dividing the grams of emissons by 20. The resulting grams per minute shal be multiplied by 3:6 3.0
minutes per mile for agrams per mile vaue.
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6. Hybrid Electric Vehicle FTP Emission Test Provisons

Alternative procedures may be used if shown to yield equivaent results and if gpproved in
advance by the Executive Officer of the Air Resources Board.

6.1  Vehicle Preconditioning

To be conducted pursuant to the “Cdifornia Evaporative Emisson Standards and Test
Procedures for 2001 and Subsequent Model Motor Vehicles’ asincorporated by reference herein with
the following supplementa requirements:

6.1.1 Batery sate-of-charge shdl be set prior to initia fuel drain and fill before
vehicle preconditioning.

6.1.2 For hybrid dectric vehiclesthat do not dlow manud activation of the auxiliary
power unit, battery state-of-charge shall be set at alevd that causes the hybrid ectric vehicle
to operate the auxiliary power unit for the maximum possible cumulative amount of time during
the preconditioning drive.

6.1.3 For hybrid dectric vehidesthat dlow manud activation of the auxiliary power
unit, battery state-of-charge shdl be set at alevd that satisfies one of the following conditions:

0] If the hybrid dectric vehicle is charge-sustaining over the UDDS, battery state-
of-charge shdl be st at the lowest leve dlowed by the manufacturer.

(i) If the hybrid eectric vehicle is charge-depleting over the UDDS, bettery state-
of-charge shall be st a the level recommended by the manufacturer for activating the
auxiliary power unit when operating in urban driving conditions.

6.1.4 After setting battery state-of-charge, the hybrid eectric vehicle shal be pushed
or towed to awork areafor fuel drain and fill according to sections D.1.1. and D.1.2. of the
“Cdifornia Evaporative Emisson Standards and Test Procedures for 2001 and Subsequent
Mode Motor Vehicles’ asincorporated by reference herein.

6.1.5 Following fud drain and fill, the vehicle shdl be pushed or towed into position
on adynamometer and preconditioned. If the auxiliary power unit is capable of being manudly
activated, the auxiliary power unit shdl be manudly activated at the beginning of and operated
throughout the preconditioning drive.

6.1.6 Withinfive minutes of completing preconditioning drive, battery state-of-charge
shdl be st a alevd tha stisfies one of the following conditions
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0] If the hybrid eectric vehicle does not alow manud activation of the auxiliary
power unit and is charge-sustaining over the UDDS, then set battery state-of-charge to
aleve such that the SOC Criterion (see section B., Definitions, of these procedures)
would be satisfied for the dynamometer procedure (section 6.2 of these procedures). If
off-vehicle charging is required to increase battery state-of-charge for proper setting,
off-vehicle charging shal occur during 12 to 36 hour soak period.

(i) If the hybrid eectric vehicle does not alow manud activation of the auxiliary
power unit and is charge-depleting over the UDDS, then no battery state-of-charge
adjusment is permissible.

(i) If the hybrid eectric vehicle does dlow manud activation of the auxiliary power
unit, then set battery state-of-charge to manufacturer recommended leve for activating
the auxiliary power unit when the hybrid dectric vehicle is operating in urban driving
conditions.

6.2  Dynamometer Procedure
To be conducted pursuant to 40 CFR § 86.135-00 with the following revisons:

6.2.1 Amend subparagraph (8): Overview. The dynamometer run consists of two
tedts, a“cold” dart test, after aminimum 12-hour and a maximum 36-hour soak pursuant to the
provisons of the “ Cdifornia Evaporative Emisson Standards and Test Procedures for 2001
and Subsequent Model Motor Vehicles’” asincorporated by reference herein, and a“hot” start
test following the “cold” start test by 10 minutes. Vehicle startup (with al accessories turned
off), operation over the UDDS and vehicle shutdown make a complete cold sart test. Vehicle
startup and operation over the UDDS and vehicle shutdown make a complete hot start test.
The exhaust emissions are diluted with ambient air in the dilution tunnel as shown in Figure
B94-5 and Figure B94-6. A dilution tunnel is not required for testing vehicles waived from the
requirement to measure particulates.  Four particulate samples are collected on filters for
weighing; the first sample plus backup is collected during the cold art test (including
shutdown); the second sample plus backup is collected during the hot start test (including
shutdown). Continuous proportionad samples of gassous emissons are collected for andyss
during eech test. For hybrid dectric vehicles with gasoline-fuded, naturd gas-fuded and
liquefied petroleum gas-fueled Otto-cycle auxiliary power units, the composite samples
collected in bags are andyzed for THC, CO, CO,, CH, and NO,. For hybrid eectric vehicles
with petroleum-fueled diesdl-cycle auxiliary power units (optiond for naturd gas-fueled,
liquefied petroleum gas-fueled and methanol-fueled diesdl-cycle vehicles), THC is sampled and
andyzed continuoudy pursuant to the provisons of 8 86.110. Pardld samples of the dilution ar
are amilarly anadyzed for THC, CO, CO,, CH, and NO,. For hybrid eectric vehicleswith
naturd gas-fueled, liquefied petroleum gas-fueled and methanol-fueed auxiliary power units,
bag samples are collected and andlyzed for THC (if not sampled continuoudy), CO, CO,, CH,
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and NOy. For hybrid dectric vehicles with methanol-fueed auxiliary power units, methanol and
forma dehyde samples are taken for both exhaust emissions and dilution ar (asingle dilution ar

formadehyde sample, covering the totd test period may be collected). Pardld bag samples of
dilution air are andyzed for THC, CO, CO,, CH, and NO,.

6.2.2 Delete subparagraph (d).

6.2.3 Amend subparagraph (h): The driving distance, as measured by counting the
number of dynamometer roll or shaft revolutions, shall be determined for the cold start test and
hot gart test. The revolutions shal be measured on the sameroll or shaft used for measuring the

vehicle' s speed.
6.3 Dynamometer Test Run, Gaseous and Particulate Emissions
To be conducted pursuant to 40 CFR § 86.137-96 with the following revisons:

6.3.1 Amend subparagraph (a): Generd. The dynamometer run conssts of two
tests, a cold dart test, after aminimum 12-hour and a maximum 36-hour soak pursuant to the
provisons of the “California Evaporative Emission Standards and Test Procedures for 2001
and Subsequent Model Motor Vehicles’ asincorporated by reference herein, and a hot start
test following the cold start test by 10 minutes. The vehicle shdl be stored prior to the emisson
test in such amanner that precipitation (e.g., rain or dew) does not occur on the vehicle. The
complete dynamometer test consists of a cold start drive of 7.5 miles (12.1 km) and a hot start
drive of 7.5 miles (12.1 km). The vehicleisalowed to stand on the dynamometer during the 10
minute time period between the cold and hot sart tests.

6.3.2 Amend subparagraph (b)(9): Start the gas flow measuring device, position the
sample sdlector vavesto direct the sample flow into the exhaust sample bag, the methanol
exhaust sample, the formadehyde exhaust sample, the dilution air sample bag, the methanol
dilution air sample and the formadehyde dilution air sample (turn on the petroleum-fueled
diesd-cycle THC andlyzer system integrator, mark the recorder chart, start particulate sample
pump No. 1, and record both gas meter or flow measurement instrument readings, if
goplicable), and turn the key on. If the auxiliary power unit is capable of being manualy
activated, the auxiliary power unit shal be activated at the beginning of and operated throughout
the UDDS.

6.3.2 Delete subparagraph (13).

6.3.3 Amend subparagraph (14): Turn the vehicle off 2 seconds after the end of the
last deceleration (at 1,369 seconds).
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6.3.4 Amend subparagraph (15): Five seconds after the vehicleis shutdown,
smultaneoudy turn off gas flow measuring device No. 1 and if goplicable, turn off the
hydrocarbon integrator No. 1, mark the hydrocarbon recorder chart, turn off the No. 1
particulate sample pump and close the vaves isolating particulate filter No. 1, and postion the
sample sdlector valves to the “standby” position. Record the measured roll or shaft revolutions
(both gas meter or flow measurement instrumentation readings), and reset the counter. As soon
as possible, transfer the exhaust and dilution air samplesto the andytical system and process the
samples pursuant to § 86.140, obtaining a stabilized reading of the exhaust bag sample on all
andyzerswithin 20 minutes of the end of the sample collection phase of thetest. Obtain
methanol and formadehyde sample andyses, if gpplicable, within 24 hours of the end of the
sample period. (If it isnot possible to perform analysis on the methanol and formadehyde
samples within 24 hours, the samples should be stored in adark cold (4°C to 10°C)
environment until analyss. The samples should be analyzed within fourteen days.) If gpplicable,
carefully remove both pairs of particulate sample filters from their repective holders, and place
each in a separate petri dish, and cover.

6.3.3 Amend subparagraph (18): Repeet the steps in paragraphs (b)(2) through
(b)(17) of this section for the hot start test. The step in paragraph (b)(9) of this section shall
begin between 9 and 11 minutes after the end of the sample period for the cold dart test.

6.3.4 Delete subparagraph (19).
6.3.5 Deélete subparagraph (20).

6.3.6 Amend subparagraph (21): Assoon as possible, and in no case longer than
one hour after the end of the hot start phase of the test, transfer the four particulate filters to the
weighing chamber for pogt-test conditioning, if gpplicable. For hybrid dectric vehicles that do
not alow manua activation of the auxiliary power unit and are charge-sustaining over the
UDDS, avdid test shdl satisfy the SOC Criterion (see Definitions, section B of these
procedures).

6.3.7 Amend subparagraph (24): Vehiclesto be tested for evaporative emissions will
proceed pursuant to the “California Evaporative Emisson Standards and Test Procedures for
2001 and Subsequent Modd Motor Vehicles’ asincorporated by reference herein.

6.4  Calculations- Exhaust Emissions
To be conducted pursuant to 40 CFR § 86.144-94 with the following revisons:
6.4.1 Amend subparagraph (a): For light-duty vehicles and light duty trucks:

Ywm=0.43* Y.+ 0.57* Yy
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Where:

(1) Ywm = Weighted mass emissons of each pollutant, i.e., THC, CO, THCE,
NMHC, NMHCE, CH,, NOy, or CO,, in grams per vehicle mile.

(2) Yc=Massemissons as caculated from the cold start test, in grams per
test.

(3) Yh=Massemissons as caculated from the hot dart test, in grams per test.

(4) Dc = The measured driving distance from the cold start test, in miles.

(5) Dn = The measured driving distance from the hot start test, in miles.

6.5 Calculations- Particulate Emissons
To be conducted pursuant to 40 CFR 8§ 86.145-82 with the following revisons:

6.5.1 Amend subparagraph (a): Thefind reported test results for the mass particulate
(Mp) in grams'mile shal be computed as follows:

Mp = 0.43* My + 0.57 *My,
Dc Dh

Where:

(2) Mpc = Mass of particulate determined from the cold start test, in grams per
vehiclemile. (See § 86.110-94 for determination.)

(2) Mph = Mass of particulate determined from the hot start tet, in grams per
vehiclemile. (See § 86.110-94 for determination.)

(3) Dc = The measured driving distance from the cold gart test, in miles.

(4) Dn = The measured driving distance from the hot start test, in miles.

7. Hybrid Electric Vehicle Highway Emission Test Provisons
To be conducted pursuant to 40 CFR § 600.111-93 with the following revisons.

7.1  Amend subparagraph (b)(2): The highway fuel economy test is designated to smulate
non-metropolitan driving with an average speed of 48.6 mph and a maximum speed of 60 mph. The
cycleis 10.2 mileslong with 0.2 stop per mile and conssts of warmed-up vehicle operation on achassis
dynamometer through a specified driving cycle. A proportiond part of the diluted exhaust emissonis
collected continuoudy for subsequent analysis of THC, CO, CO,, and NO, using a congtant volume
(variable dilution) sampler. Diesd dilute exhaust is continuoudy andyzed for hydrocarbons using a
hested sample line and andyzer. Methanol and formal dehyde samples are collected and individualy
andyzed for methanol-fuded vehicles.
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7.2 Amend subparagraph (f)(3): Only one exhaust sample and one background sample are
collected and andlyzed for THC (except diesdl hydrocarbons which are analyzed continuoudy), CO,
CO,, and NO, . Methanol and formaldehyde samples (exhaust and dilution air) are collected and
andyzed for methanol-fueled vehicles.

7.3  Add subparagraph (f)(5): Battery sate-of-charge shal be set prior to performing the
HFEDS preconditioning cycle. For hybrid dectric vehicles that do not allow manud activation of the
auxiliary power unit, bettery state-of-charge shdl be set a aleve that causes the hybrid eectric vehicle
to operate the auxiliary power unit for the maximum possible cumulative amount of time during the
HFEDS preconditioning cycle. For hybrid dectric vehicles that alow manud activation of the auxiliary
power unit, battery state-of-charge shall be set a alevd tha satidfies one of the following conditions:

0] If the hybrid eectric vehicleis charge-sustaining over the HFEDS, battery Sate-
of-charge shdl be st at the lowest leve dlowed by the manufacturer.

(i) If the hybrid eectric vehicle is charge-depleting over the HFEDS, battery Sate-
of-charge shal be st a the level recommended by the manufacturer for activating the auxiliary
power unit when operating in highway driving conditions.

7.4 Amend subparagraph (h)(5): Operate the vehicle over one HFEDS preconditioning
cycle according to the dynamometer driving schedule specified in *600.109(b). If the auxiliary power
unit is cgpable of being manualy activated, the auxiliary power unit shal be manudly activated at the
beginning of and operated throughout the HFEDS preconditioning cycle.

7.5  Amend subparagraph (h)(6): When the vehicle reaches zero speed at the end of the
HFEDS preconditioning cycle, the driver has 17 seconds to prepare for the HFEDS emission
measurement cycle of thetest. Resat and enable the roll revolution counter. During theidle period, one
of the following conditions shdl gpply:

0] For hybrid eectric vehicles that do not alow the auxiliary power unit to be
manudly activated and are charge-sustaining over the HFEDS, the vehicle shdl be momentarily
turned off for 5 seconds and turned back on during theidle period. The battery state-of-charge
shdl be recorded after the hybrid eectric vehicle has fully turned on.

(i) For hybrid eectric vehicles that do not dlow the auxiliary power unit to be
manualy activated and are charge-depleting over the HFEDS, the vehicle shdl remain turned on
during the idle period.

(i) For hybrid eectric vehicles that dlow the auxiliary power unit to be manualy
activated, the vehicle shal remain turned on with the auxiliary power unit operating during the
idle period.
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7.6  Add subparagraph (h)(9): At the conclusion of the HFEDS emission test, one of the
following conditions shdl apply:

0] For hybrid eectric vehicles that do not alow the auxiliary power unit to be
manudly activated and are charge-sustaining over the HFEDS, record the battery state-of-
charge to determine if the SOC Criterion (see Definitions, section B of these procedures) is
satisfied. If the SOC Criterion is not satisfied, then repeat dynamometer test run from
subparagraph (h)(6). A tota of three highway emission tests shall be dlowed to satisfy the
SOC Criterion. Manufacturers may elect to repeat dynamometer test run from subparagraph
(h)(6) if bettery energy leve increased sgnificantly rlative to theinitia battery state-of-charge
st a the beginning of the HFEDS emission test.

(i) For hybrid eectric vehicles that do not dlow the auxiliary power unit to be
manualy activated and are charge-depleting over the HFEDS, the emission test is completed.

(i) For hybrid dectric vehicles that dlow the auxiliary power unit to be manudly
activated, the emisson test is completed.

8. Hybrid Electric Vehicle SFTP Emisson Test Provisons
8.1  USD6 Vehicle Preconditioning
To be conducted pursuant to 40 CFR § 86.132-00 with the following revisons:

8.1.1 Amend subparagraph (n): Aggressive Driving Test (US06) Preconditioning. (1)
If the USD6 test follows the exhaust emission FTP or evgporative testing, the refueling step may
be deleted and the vehicle may be preconditioned using the fuel remaining in the tank (see
paragraph (c)(2)(ii) of this section). The test vehicle may be pushed or driven onto the test
dynamometer provided that battery state-of-charge has not been set; otherwise, if battery sate-
of-charge is set prior to securing vehicle on dynamometer, vehicle shal be pushed or towed into
position on dynamometer. Battery state-of-charge shal be set prior to performing the US06
preconditioning cycle. For hybrid eectric vehicles that do not dlow manud activation of the
auxiliary power unit, battery state-of-charge shdl be set at aleve that causes the hybrid eectric
vehicle to operate the auxiliary power unit for the maximum possible cumulative amount of time
during the US06 preconditioning drive. For hybrid dectric vehicles that alow manud activation
of the auxiliary power unit, bettery state-of-charge shdl be set a aleve that satisfies one of the
following conditions

0] If the hybrid eectric vehicleis charge-sustaining over the US06, battery
date-of-charge shall be st at the lowest leve dlowed by the manufacturer. The
auxiliary power unit shal be manudly activated a the beginning of and operated
throughout the US06 preconditioning cycle.
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(i) If the hybrid dectric vehicle is charge-depleting over the US06, battery
date-of-charge shall be set at the level recommended by the manufacturer for activating
the auxiliary power unit when operating in highway driving conditions. The auxiliary
power unit shal be manually activated at the beginning of and operated throughout the
US06 preconditioning cycle.

8.1.2 Ddete subparagraphs (n)(1)(i) and (n)(1)(ii).
82 US06 Emission Test
To be conducted pursuant to 40 CFR 8§ 86.159-00 with the following revisons:

8.2.1 Amend subparagraph (a): Overview. The dynamometer operation consists of
asingle, 600 second test on the US06 driving schedule, as described in appendix |, paragraph
(9), of this part. The hybrid dectric vehicleis preconditioned in accordance with § 86.132-00,
to bring it to awarmed-up stabilized condition. This preconditioning isfollowed by a1 to 2
minute idle period that proceeds directly into the US06 driving schedule during which
continuous proportiona samples of gaseous emissons are collected for andyss. If engine
stdling should occur during testing, follow the provisions of § 86.136-90 (engine starting and
restarting). For hybrid eectric vehicles with gasoline-fueled Otto-cycle auxiliary power units,
the composite samples collected in bags are andyzed for THC, CO, CO,, CH, and NO,. For
hybrid dectric vehicles with petroleum-fueled diesd-cycle auxiliary power units, THC is
sampled and andyzed continuoudly according to the provisons of § 86.110. Parald bag
samples of dilution air are andyzed for THC, CO, CO,, CH, and NO.

8.2.2 Amend subparagraph (b)(2): Pogition (vehicle shdl be pushed or towed if
battery sate-of-charge is set prior to securing to dynamometer otherwise vehicle may be driven
aswell) the test vehicle on the dynamometer and restrain.

8.2.3 Amend subparagraph (d): Practice runs over the prescribed driving schedule
may be performed at test point, provided that battery state-of-charge setting is conducted after
practice and an emission sample is not taken, for the purpose of finding the gppropriate throttle
action to maintain the proper speed-time relaionship, or to permit sampling system adjustment.

8.2.4 Amend subparagraph (f)(2)(i): Immediatdy after completion of the US06
preconditioning cycle, idlethe vehicle. Theidle period is not to be less than one minute or not
greater than two minutes. During the idle period, one of the following conditions shal goply:

0] For hybrid eectric vehicles that do not alow the auxiliary power unit to
be manudly activated and are charge-sustaining over the US06, the vehicle shal be
momentarily turned off for 5 seconds and turned back on during theidle period. The
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battery state-of-charge shdl be recorded after the hybrid dectric vehicle has fully turned
on.

(i) For hybrid dectric vehicles that do not dlow the auxiliary power unit to
be manudly activated and are charge-depleting over the USD6, the vehicle shdl remain
turned on during theidle period.

(i) For hybrid eectric vehicles that dlow the auxiliary power unit to be
manualy activated, the vehicle shal remain turned on with the auxiliary power unit
operating during theidle period.

8.2.5 Amend subparagraph (f)(2)(ix): At the conclusion of the US06 emission ted,
one of the following conditions shal gpply:

0] For hybrid dectric vehicles that do not alow manud activation of the
auxiliary power unit and are charge-sustaining over the US06, record the battery state-
of-charge to determine if the SOC Criterion (see Definitions, section B of these
procedures) is satisfied. If the SOC Criterion is not satisfied, then repeat dynamometer
test run from subparagraph (f)(2)(i). A tota of three USO6 emission tests shdl be
alowed to satisfy the SOC Criterion. Manufacturers may elect to repeat dynamometer
test run from subparagraph (f)(2)(i) if battery energy level increased sgnificantly relative
to theinitid battery state-of-charge set at the beginning of US06 emission test.

(i) For hybrid eectric vehicles that do not alow the auxiliary power unit to
be manudly activated and are charge-depleting over the USD6, turn off vehicle 2
seconds after the end of the last deceleration.

(i) For hybrid eectric vehicles that dlow the auxiliary power unit to be
manually activated, turn off vehicle 2 seconds after the end of the last decderation.

8.3  SCO03Vehicle Preconditioning
To be conducted pursuant to 40 CFR § 86.132-00 with the following revisons:

8.3.1 Amend subparagraph (0): Air Conditioning Test (SCO3) Preconditioning. (1) If
the SCO3 test follows the exhaust emission FTP or evaporative testing, the refueling step may
be deleted and the vehicle may be preconditioned using the fuel remaining in the tank (see
paragraph (c)(2)(ii) of this section). The test vehicle may be pushed or driven onto the test
dynamometer provided that battery state-of-charge has not been set; otherwise, if battery ate-
of-charge is set prior to securing vehicle on dynamometer, vehicle shal be pushed or towed into
position on dynamometer. Battery state-of-charge shal be set prior to performing the SCO3
preconditioning cycle. For hybrid eectric vehicles that do not dlow manud activation of the
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auxiliary power unit, battery state-of-charge shdl be set at aleve that causes the hybrid eectric
vehicle to operate the auxiliary power unit for the maximum possible cumulative amount of time

during the SCO3 preconditioning drive. For hybrid eectric vehicles that dlow manud activation
of the auxiliary power unit, bettery state-of-charge shdl be set a aleve that satisfies one of the

following conditions

0] If the hybrid eectric vehicle is charge-sustaining over the SCO3, battery
date-of-charge shall be st at the lowest leve dlowed by the manufacturer. The
auxiliary power unit shal be manudly activated at the beginning of and operated
throughout the SCO3 preconditioning cycle.

(i) If the hybrid electric vehicle is charge-depleting over the SCO3, battery
date-of-charge shall be set at the level recommended by the manufacturer for activating
the auxiliary power unit when operaing in highway driving conditions. The auxiliary
power unit shal be manually activated at the beginning of and operated throughout the
SCO3 preconditioning cycle.

8.3.2 Ddete subparagraphs (0)(1)(i) and (0)(1)(ii).
84  SCO3Emission Test
To be conducted pursuant to 40 CFR § 86.160-00 with the following revisons:

84.1 Amend subparagraph (a): Overview. The dynamometer operation conssts of
asingle, 594 second test on the SCO3 driving schedule, as described in appendix |, paragraph
(h), of this part. The hybrid dectric vehicleis preconditioned in accordance with § 86.132-00
of this subpart, to bring the vehicle to a warmed-up stabilized condition. This preconditioning is
followed by a 10 minute vehicle soak (vehicle turned off) that proceeds directly into the SCO3
driving schedule, during which continuous proportiond samples of gaseous emissons ae
collected for andyss. The entire test, including the SCO3 preconditioning cycle, vehicle soak,
and SCO3 emisson tes, is ether conducted in an environmentd test facility or under test
conditions that smulates testing in an environmenta test call (see Sec. 86.162-00 (a) for a
discusson of smulation procedure gpprovas). The environmentd test facility must be cgpable
of providing the following nomind ambient test conditions of: 95°F air temperature, 100 grains
of water/pound of dry ar (approximately 40 percent relative humidity), asolar heat load
intensity of 850 W/n, and vehicle cooling air flow proportiona to vehicle speed. Section
86.161-00 discusses the minimum facility requirements and correponding control tolerances for
ar conditioning ambient test conditions. The vehicle sair conditioner is operated or
appropriately smulated for the duration of the test procedure (except for the 10 minute vehicle
s0ak), including the preconditioning. If engine staling should occur during testing, follow the
provisions of § 86.136-90 (engine starting and restarting). For hybrid dectric vehicleswith
gasoline-fueled Otto-cycle auxiliary power units, the composite samples collected in bags are
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andyzed for THC, CO, CO,, CH, and NOy. For hybrid eectric vehicles with
petroleum-fueled diesd-cycle auxiliary power units, THC is sampled and anayzed continuoudy
according to the provisons of 8 86.110. Pardle bag samples of dilution air are andyzed for
THC, CO, CO,, CH, and NO..

8.4.2 Amend subparagraph (b)(2): Postion (vehicle shal be pushed or towed if
battery state-of-charge is set prior to securing to dynamometer otherwise vehicle may be driven
aswdl) the test vehicle on the dynamometer and restrain.

8.4.3 Amend subparagraph (c)(9): Start vehicle (with air conditioning system aso
running). If the auxiliary power unit of the hybrid dectric vehicle is capable of being manudly
activated, the auxiliary power unit shal be manually activated a the beginning of and operated
throughout the SCO3 emission test.  Fifteen seconds after the vehicle darts, begin theinitia
vehicle acceleration of the driving schedule.

8.4.4 Amend subparagraph (c)(12): Turn the vehicle off 2 seconds after the end of
the last deceleration.

8.4.5 Amend subparagraph (d)(7): Start vehicle (with air conditioning system aso
running). If the auxiliary power unit of the hybrid dectric vehicle is capable of being manudly
activated, the auxiliary power unit shal be manudly activated at the beginning of and operated
throughout the SCO3 emission test. Fifteen seconds after the vehicle darts, begin theinitid
vehicle accderation of the driving schedule.

8.4.6 Amend subparagraph (d)(10): At the conclusion of the USD6 emission test,
one of the following conditions shal gpply:

0] For hybrid eectric vehicles that do not alow the auxiliary power unit to
be manually activated and are charge-sustaining over the SCO3, record the battery
gtate-of-charge to determine if the SOC Ciriterion (see Definitions, section B of these
procedures) is satidfied. If the SOC Criterion is not satisfied, then turn off cooling
fan(s), dlow vehicle to soak in the ambient conditions of paragraph (c)(5) of this section
for 10 minutes, and repeat dynamometer test run from subparagraph (d). A total of
three SCO3 emission tests shall be attempted to satisfy the SOC Criterion.
Manufacturers may eect to repesat dynamometer test run from subparagraph (d)
following a 10 minute soak in the ambient conditions of paragraph (c)(5) of this section
if battery energy leve increased sgnificantly relative to the initid bettery state-of-charge
st at the beginning of SCO3 emission test.

(i) For hybrid eectric vehicles that do not dlow the auxiliary power unit to
be manudly activated and are charge-depleting over the SCO3, turn off vehicle 2
seconds after the end of the last deceleration.
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(i) For hybrid eectric vehidesthat dlow the auxiliary power unit to be
manually activated, turn off vehicle 2 seconds after the end of the last decderation.

9. State-of-Char ge Net Change Tolerances

9.1  For hybrid dectric vehicles that use a battery as an energy storage device, the following
dtate-of-charge net change tolerance shall apply:

(Amp—hrﬂnd)max = (Amp—hrinmd) +0.01* (N HViwg * mud)
(Vyystem* Ka)

(Amp'hrfind)min = (Amp'hrinitid) -0.01* (N HVfud * mlﬂ)

(Vysem * K1)
Where:
(Amp-hring )max= Maximum alowed Amp-hr stored in battery at the end of the test
(Amp-hring )min = Minimum alowed Amp-hr stored in bettery at the end of the test
(Amp-hrinitia) = Battery Amp-hr stored at the beginning of the test
NHV g = Net heating vaue of consumable fud, in Joules’kg
My = Totd mass of fud consumed during tes, in kg
K1 = Conversion factor, 3600 seconds/hour
Vgstem = Battery DC bus voltage (open circuit)

9.2  For hybrid dectric vehicles that use a capacitor as an energy storage device, the
following state-of-charge net change tolerance shdl apply:

(Vfinat )max = /(Vinitia|)2 +0.01* (2*NHVa* M)
] C

(Vfind)min = /(Vinitia|)2—0-01 * (Z*NHVg*Myg)
] C
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Where:
(Vfira )max
(Vﬁnd )mi n

Vinitia)
NHV g

Mg

C

The stored capacitor voltage allowed at the end of the test
The stored capacitor voltage alowed at the end of the test

The square of the capacitor voltage stored at the beginning of the test
Net hesting vaue of consumable fud, in Joules'kg

Total mass of fud consumed during tes, in kg

Rated capacitance of the capacitor, in Farads

9.3  For hybrid éectric vehicles that use an dectro-mechanica flywhed as an energy storage
device, the following state-of-charge net change tolerance shall apply:

(rPM¥ina )max = /(rpmnitial)z +0.01* (2*NHVie * Mha)

[] (1*K3)

(FPMie)min= | (FPMinigia)? — 0.01* (2*NHV g * Mye)

Where:

(rPMing Jmax
(rPMipa)min
(rPMiitia)?
NHV i
Mg

Ks

|

As amended December 7, 2001
Board Hearing: January 25, 2001

[] (1*K3)

The maximum flywhed rotationa speed dlowed at the end of the test
The minimum flywhed rotationa speed dlowed at the end of the test
The squared flywhed rotationa speed at the beginning of the test

Net heeting vaue of consumable fud, in Joules'kg

Total mass of fue consumed during tes, in kg

Conversion factor, 4p?/(3600 sec?-rpnt)

Rated moment of inertia of the flywhed, in kg-nt
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