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NOTE: This document is incorporated by referemcgection 1962.1, title 13, California Code
of Requlations (CCR). Additional requirements rssegy to complete an application for
certification of zero-emission vehicles and hylaidctric vehicles are contained in other
documents that are designed to be used in conpumwiith this document. These other
documents include:

1. “California Exhaust Emission Standards and Pestedures for 2001 and Subsequent
Model Passenger Cars, Light-Duty Trucks, and Mediduty Vehicles” (incorporated by
reference in section 1961(d), title 13, CCR);

2. “California Evaporative Emission Standards aedtTProcedures for 2001 and
Subsequent Model Motor Vehicles” (incorporated é&ference in section 1976(c), title 13,

CCR);

3. “California Refueling Emission Standards andtR¥ecedures for 2001 and Subsequent
Model Motor Vehicles” (incorporated by referencesection 1978(b), title 13, CCR);

4. OBD Il (section 1968, et seq. title 13, CCRapplicable);

5. “California Environmental Performance Label Sfieations for 2009 and Subsequent
Model Year Passenger Cars, Light-Duty Trucks, amdliMm-Duty Passenger Vehicles”
(incorporated by reference in 1965, title 13, CCR);

6. Warranty Requirements (sections 2037 and 2@8318, CCR);

7. “Specifications for Fill Pipes and Openings obtielr Vehicle Fuel Tanks” (incorporated
by reference in section 2235, title 13, CCR);

8. Guidelines for Certification of Federally Ceagd Light-Duty Motor Vehicles for Sale in
California (incorporated by section 1960.5, title CCR); and

9. “California Non-Methane Organic Gas Test Procedi (incorporated by reference in
section 1961(d), title 13, CCR).
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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PRO CEDURES FOR
2009 AND SUBSEQUENT MODEL ZERO-EMISSION VEHICLES;-ANB-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 iddlcisment are applicable to 2088d
subsequent model-year zero-emission passengetigatsjuty trucks and medium-duty
vehicles, and-2002009and subsequent model-year hybrid electric pass@agg, light-duty
trucks and medium-duty vehicles. The general proaedand requirements necessary to certify a
vehicle for sale in California are contained in t@alifornia Exhaust Emission Standards and
Test Procedures for 2001 and Subsequent Model iges€ars, Light-Duty Trucks and
Medium- Duty Vehlcles” (herelnafter “LDV/MDV TPs”)and apply except as amended herein.

B. Definitions and Terminology.

1. Definitions.

In addition to the following, these test proceduresrporate by reference the definitions
and abbreviations set forth in the Title 40 Cod€ederal Regulations (CEFRB6.1803-01, the
definitions and abbreviations set forth in the LINDV TPs, and the definitions set forth in
section 1900, title 13, CCR.

“Advanced technology PZEV” or “AT PZEV” means any PZEV with an allowance
greater than 0.2 before application of the PZEWaatroduction phase-in multiplier.

“All-Electric Range” means the total miles driven electrically (witle #ngine off)
before the engine turns on for the first time, ratfite battery has been fully charged. For a
blended off-vehicle charge capable hybrid eleateiicle, the equivalent all-electric range shall
be considered the “all-electric range” of the véhic

“All-Electric Range Test” means a test sequence used to determine theohage
electric vehicle or of a hybrid electric vehicletlout the use of its auxiliary power unit. The
All-Electric Range Test cycle consists of the Higtywuel Economy Schedule and the Urban
Dynamometer Driving Schedule (see section E ofalest procedures).

“Alternate Continuous Urban Test Schedule”’means a repeated series of the following
sequence: UDDS, 10 minute key-off hot soak, UDDfsl, BH0-20 minute key-off hot soak. This
alternate procedure may be substituted for thei@amiis Urban Test Schedule when the
Continuous Urban Test Schedule cannot be performed.

“Alternate Continuous Highway Test Schedule”’means a repeated series of the
following sequence: HFEDS, 15 second key-on patdB&DS, and 10-20 minute key-off hot
soak. This alternate procedure may be substitaethé Continuous Highway Test Schedule
when the Continuous Highway Test Schedule cannpebermed.
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“Auxiliary power unit” means a device that converts consumable fuel g
mechanical or electrical energy. Some examplesigiliary power units are internal combustion
engines, gas turbines, or fuel cells.

“Battery electric vehicle” or “BEV” means any vehicle that operates solely by use of a
battery or battery pack, or that is powered prifgdhrough the use of an electric battery or
battery pack but uses a flywheel or capacitor shates energy produced by the electric motor or
through regenerative braking to assist in vehigleration.

“Battery or Battery pack” means any electrical energy storage device camgist any
number of individual battery modules or cells tisaised to propel a battery electric or hybrid
electric vehicle. These terms may also genericafigr to capacitor and flywheel energy storage
devices in the context of hybrid electric vehicles.

“Battery state-of-charge” means the quantity of electrical energy remaiiniie
battery relative to the maximum rated capacityheflbattery expressed in percent.

“Blended off-vehicle charge capable hybrid electriczehicle” means an off-vehicle
charge capable hybrid electric vehicle that usestigine to supplement battery/electric motor
power during charge depleting operation.

“Blended operation mode” means an operating mode in which the enerqy st@taie-
of-charge decreases, on average, while the vekidieven and the engine is used occasionally
to support power requests.

143 ”

“Charge-depleting net energy consumption’means the net electrical energyy, E

measured in watt-hours consumed by vehicle ovectihege depleting cycle rangeulk E.qcan
be expressed as AC or DC watt hours, where apatepri

“Charge-depleting (CD) mode” means an operating mode in which the energy storag
state-of-charge (SOC) may fluctuate but, on averdgereases while the vehicle is driven.
Hybrid electric vehicles are required to be clasdibs either charge-sustaining or charge-
depleting over each driving cycle (i.e. UDDS, HFEDK06, or SCO03).

“Charge depleting actual range or R4~ means the distance traveled on the Urban
Charge Depleting Test Procedure at which the sitdtarge is first equal to the average state-
of-charge of the two consecutive UDDS used to éedirban Charge Depleting Test Procedure.
This range must be accurate to the nearest Oesm{See section F.11.9.)

“Charge depleting actual range, highway or Rjan’_means the distance traveled on the
Highway Charge Depleting Test Procedure at whiehsthte-of-charge is first equal to the
average state-of-charge of the HFEDS used to enHlidffhway Charge Depleting Test
Procedure. This range must be accurate to thestgal miles.

“Charge depleting cycle range or Ry’ means the distant¢eaveled on the Urban or
Highway Charge Depleting Procedure up to the tadeqrior to where the state-of-charge is
above the lower bound state-of-charge toleranceriertest cycle. This range will appear as the
sum of a discrete number of test cycle distanck. fAnge shall be accurate to the nearest 0.1
miles. (See section F.11.8.)
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“Charge- sustalnlnq net energy consumptlon means the net electrlcal enerqgy, Ecs,

measured in watt-hours consumed by vehicle dutivagge sustaining operation. For charge
sustaining operation, this number should be ~ O.

“Charge-sustaining (CS) mode”means an operating mode in which the energy sorag
SOC may fluctuate but, on average, is maintainedcatrtain level while the vehicle is driven.
Hybrid electric vehicles are required to be clasdibs either charge-sustaining or charge-
depleting over each driving cycle (i.e. UDDS, HFEDK06, or SC03).

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

“Continuous Urban Test Schedule’means a repeated series comprised of an Urban
Dynamometer Driving Schedules (UDDS), 40 CFR, BértAppendix I, which is incorporated
herein by reference; each test is followed by anirffute key-off soak period.

“Continuous Highway Test Schedule’means a repeated series comprised of four
consecutive key-on Highway Fuel Economy Driving &hlles (HFEDS) with a 15 second key-
on pause in-between each HFEDS. If this schedulaat be performed continuously, a key-off
soak up to 30 minutes is permitted after everytfolFEDS.

“Continuous US06 Test Schedulemeans a repeated series of US06 driving schedules
(US06) with a key-on idle period of not less thame aninute and not greater than two minutes
between each US06.

“Electric drive system” means an electric motor and associated poweretecs,
which provide acceleration torque to the drive whsemetime during normal vehicle operation.
This does not include components that could aetrastor, but are configured to act only as a
generator or engine starter in a particular veragglication.

“Electric range fraction” means the fraction of electrical energy deriveanfioff-
vehicle charging and regenerative braking enerigyive to total traction energy used over the
charge depletion range on a specified drive cycle.

“Enhanced AT PZEV” means any PZEV that has an allowance of 1.0 atgreer
vehicle without multipliers and makes use of a Zi¥l.

“Equivalent all- electric range” means-the-charge-depletionrange-multiplied-by the
electricrange-fraction(EAER =R«ERF)the portion of the total charge depleting range

attributable to the use of electricity from thetbat over the charge depleting range test.

“Fuel cell vehicle” or “FCV” _means any vehicle that receives propulsion sédeip an
onboard fuel cell power system.

“Fuel-fired heater” means a fuel burning device that creates hedhépurpose of
warming the passenger compartment of a vehiclelbes not contribute to the propulsion of the
vehicle.
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“Grid-connected hybrid electric vehicle” means a hybrid electric vehicle that has the
capacity for the battery to be recharged from dboérd source of electricity and has some all-
electric range.

“‘Highway Fuel Economy Driving Schedule” or“HFEDS” means highway fuel
economy driving schedule. See 40 CER Part @D 8 09(b).

“Hybrid electric vehicle” or “HEV” means any vehicle that can draw propulsion energy
from both of the following on-vehicle sources afretd energy: 1) a consumable fuel and 2) an
energy storage device such as a battery, capaaitiywheel.

“Hybrid fuel cell vehicle” or “HECV” means any vehicle that receives propulsion
energy from both an onboard fuel cell power syshech either a battery or a capacitor.

“Neighborhood Electric Vehicle” or “NEV " means a motor vehicle that meets the
definition of “low-speed vehicle” either in secti@85.5 of the Vehicle Code or in 49 CFR
8571.500 {as--existed-ahuly 1, 2000), and is certified to zero-emissiehicle standards.

“‘NIST” means the National Institute of Standards and A@oky.

“Off-vehicle charge capable” means having the capability to charge a battem fan
off-vehicle electric energy source that cannot denected or coupled to the vehicle in any
manner while the vehicle is being driven. A gr@hoected hybrid electric vehicle is one
example of an off-vehicle charge capable hybridtelevehicle.

“Placed in service” means having been sold or leased to an end-uderarust to a
dealer or other distribution chain entity, and Ingvbeen individually registered for on-road use
by the California Department of Motor Vehicles.

“PZEV” means any vehicle that is delivered for sale ilif@aia and that qualifies for a
partial ZEV allowance of at least 0.2.

“Regenerative braking” means the partial recovery of the energy nornthigipated
into friction braking that is returned as electricarrent to an energy storage device.

“SAE J2572” means the “Recommended Practice for Measuring Gaesumption and
Range of Fuel Cell and Hybrid Fuel Cell Vehicleelfed by Compressed Gaseous Hydrogen,”
as published by the Society of Automotive Enginéei®ctober, 2008.

“*SC03” means the U.S. EPA SCO03 driving schedule repriegewnehicle operation with
air conditioning, as set forth in Appendix | of @FR Part 86.

“SOC Net Change Tolerance’means the state-of-charge net change tolerantestha
applied to the SOC Criterion for charge-sustairiigigrid electric vehicles when validating an
emission test. See section-[E® and F.1@f these procedures for tolerance specifications.

“SOC Criterion” means the state-of-charge criterion that is agpbeacharge-
sustaining hybrid electric vehicle to validate amssion test. The SOC Criterion requires that
no net change in battery energy occurs over a gegrcycle, i.e. the final battery state-of-charge
that is recorded at the end of the emission test el equivalent to the initial battery state-of-
charge that is set at the beginning of the emisgisth The SOC Net Change Tolerance shall be
applied to the SOC Criterion.

“Type O, I, 1.5, I, Ill, _ard IV,and V ZEV" all have the meanings set forth in section
C.4.4(a).

“US06” means the USO06 driving schedule for aggressiwendrias set forth in
Appendix | of 40 CFR Part 86.

B-4
Date of Release: December 5, 2008; 45-day Notice version
Date of Hearing: January 22-23, 2009



“UDDS” means urban dynamometer driving schedule as ghtAppendix | of 40 CFR
Part 86.

“Zero-emission vehicle” or “ZEV” means any vehicle certified to zero-emission
standards.

“Zero-emission VMT” means the vehicle miles traveled with zero exhamsssions of
any criteria pollutant (or precursor pollutant).

“ZEV fuel” means a fuel that provides traction energy in @droEVs. Examples of
current technology ZEV fuels include electricitydnogen, and compressed air.

2. Terminology.

Abbreviation  Units
Charge Depleting Actual Range Reda mi
Charge Depleting to Charge Sustaining Range Redes mi
Charge Depleting Net Energy Consumption Ecq wh
Charge Depleting C£Produced Mg a/mi
Charge Sustaining G@Produced Mcs a/mi
Highway Charge Depleting Cycle Range Reden mi
Highway Electric Range Fraction ERR %
Highway Equivalent All-Electric Range EAER, mi
Highway Equivalent All-Electric Range Energy Congtion EAEREG,  wh/mi
Urban Charge Depleting Cycle Range Redeu mi
Urban Electric Range Fraction ERF, %
Urban Equivalent All-Electric Range EAER, mi
Urban Equivalent All-Electric Range Energy Consupt EAEREG,  wh/mi
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C. Zero-Emission Vehicle Standards.

* * * *

3. Partial ZEV Allowance Vehicles (PZEVs).
* * * *
3.3  Zero-Emission VMT PZEV Allowance.
(@) Calculation of Zero Emission VMT Allowance. A vehicle that meets the

requirements of section C.3.2 and has zero-emisahitle miles traveled (“VMT”) capability
will generate an additional zero emission VMT PZ&\bwance, calculated as follows:

trban Zero-emission VMT Allowance
Egquivalent-Al-Electrie Range
(EAER)
EAER, < 10 miles 0.0
EAER,>= > 10 miles EAER, X (1 — URgcdd/34-611.028
and
Rcda=10 miles to26Q10 miles
Reda> 408040 miles 158 EAER41¢/29.63

The urban equivalent all-electric range (EAEBNd-urbarcharge-depletiodepleting actual
range—aetua(R 49 shall be determined in accordance with sectladd andE32424&a)F.5.5,
respectivelypf these test procedures. Tdatility Factor (UF) based on the charge—depletlon
depleting actuatange-aetualR.q5) shall be determined according+ b

survefitfrom SAEJL#L1)2841 PropDft 2008issued-Mareh-1999 152,

* * * *
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D. Certification Requirements.

1. Durability and Emission Testing Requirements.All ZEVs are exempt from all
mileage and service accumulation, durability-dathiele, and emission-data vehicle testing
requirements.

2. Information Requirements: Application for Certif ication. Except as noted
below, the Part | (40 CFR 886.1843-01(c)) certtfma application shall include the following:

2.1 Identification and description of the vehicjefevered by the application.

2.2 Identification of the vehicle weight categooywthich the vehicle is certifying: PC,
LDT 0-3750 Ibs. LVW, LDT 3751-5750 Ibs. LVW, LDT 31 Ibs. LVW - 8500 Ibs. GVW, or
MDYV (state test weight range), and the curb weagid gross vehicle weight rating of the
vehicle.

2.3 Identification and description of the proputsgystem for the vehicle.
2.4 Identification and description of the climatntrol system used on the vehicle.

2.5 Projected number of vehicles produced and eied/for sale in California, and
projected California sales.

2.6 Identification of the energy usage in kilowadtrs per mile from:

(@) the battery output (DC energy) (to be submittti the Part II
certification application (40 CFR 886.1843-01(d));

(b) the point when electricity is introduced frohetelectrical outlet (AC
energy); and

(© the operating range in miles of the vehicle mtested in accordance with
the All-Electric Range Test set forth in sectiorbElow. _For off-vehicle
charge capable hybrid electric vehicles certifyimgection F, the
manufacturer shall provide the energy usage inudtbhours per mile
from the Urban Equivalent All-Electric Range and thighway
Equivalent All-Electric Range.

2.7 For thoseZEVs-and-HEW&hiclesthat use fuel-fired heaters, the manufacturer
shall provide:

(@) a description of the control system logic a fhel-fired heater, including
an evaluation of the conditions under which thd-fired heater can be
operated and an evaluation of the possible op@aatinodes and
conditions under which evaporative emissions cast;ex

(b) the exhaust emissions value per mile produgedtid auxiliary fuel-fired
heater operated betweer’6&nd 86F; and
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(© the test plan which describes the procedurd tsdetermine the mass
emissions of the fuel-fired heater.

2.8  Allinformation necessary for proper and sgferation of the vehicle, including
information on the safe handling of the batterytesys emergency procedures to follow in the
event of battery leakage or other malfunctions thay affect the safety of the vehicle operator or
laboratory personnel.

2.9 Method for determining battery state-of-chatggtery charging capacity and
recharging procedures, and any other relevantnmdtion as determined by the Executive
Officer.

2.10 Battery specific energy data and calculatamspecified in section E.4 of these
procedures including the weight of the batteryesysand the three hour discharge rate (C/3)
energy capacity.

2.11 Vehicle and battery break-in period as spagtifin section E.2 of these test
procedures.

2.12 Labeling shall conform with the requirememsafied in section 1965, title 13,
CCR and the-California-Me Jehi ission-Coht mg-ind ifications
“California Environmental Performance Label Spexgifions for 2009 and Subsequent Model
Year Passenger Cars, Light-Duty Trucks, and Mediurty Passenger Vehicles” (incorporated
by reference therein)

2.13 For a ZEV, extended range HEV or PZEV thatlifjas to receive one or more
multipliers under sections C.3 - C.7, the manufatahall provide all information relevant to
the vehicle’s qualification for, and the estimatadue of, the multiplier(s). The Executive
Officer may request additional information neededppropriately characterize the vehicle.
Based on the submitted information and other reledata, the Executive Officer shall assign to
the vehicle the highest multiplier(s) for which timanufacturer has demonstrated the vehicle
gualifies at that time.

2.14 WherelVhena manufacturer plans to require any scheduledtereaance for a
PZEV before 150,000 miles, the manufacturer musinsuinformation demonstrating the need
for each scheduled maintenance item before 150101@8, including actual in-use data,
engineering evaluation of the durability of thetpar other relevant information. The
manufacturer may require such maintenance for avRatty upon the Executive Officer’s
determination, prior to certification, the manutaetr has demonstrated the need for the
scheduled maintenance; this determination may maasonably be denied.

2.15 For off-vehicle charge capable hybrid electghbicles certifying to section F, the
manufacturer shall provide the Urban Charge Damiefiycle Range, the Urban Charge
Depleting Actual Range, the Charge Depleting torGd&ustaining Urban Range, the Highway
Charge Depleting Cycle Range, the Highway Chargaddag Actual Range, the Charge
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Depleting to Charge Sustaining Highway Range, tHmb Equivalent All-Electric Range, the
Highway Equivalent All-Electric Range, the Urbareé&ric Range Fraction, and the Highway
Electric Range Fraction.

3. ZEV Reporting Requirements. In order to verify the status of each
manufacturer’'s compliance with the ZEV requiremdatsa given calendar year, each
manufacturer shall submit a report to the Execubifecer at least annually, by May 1 of the
calendar year following the close of the model y#sat identifies the necessary delivery and
placement data of all vehicles generating ZEV dsedli allowances, and all transfers and
acquisitions of ZEV credits. The manufacturer rapgate the report by September 1 to cover
activities occurring between April 1 and June 30.
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E. Test Procedures for 2011 and Subsequent Model ieEmission Vehicles
(including Fuel Cell Vehicles and Hybrid Fuel CellVehicles) and All 2011 and Subsequent
Model Hybrid-Electric Vehicles, Except Off-VehicleCharge Capable Hybrid Electric
Vehicles.

The “as adopted or amended dates” of the 40 CFR8Baegulations referenced by this
document are the dates identified in the “CalifarBkhaust Emission Standards and Test
Procedures for 2001 and Subsequent Model Pass€agerLight-Duty Trucks and Medium-
Duty Vehicles.” Unless otherwise noted, these ireguents shall apply to all ZEVs (including
fuel cell vehicles and hybrid fuel cell vehiclesidaall HEVS, except off-vehicle charge capable
HEVs. A manufacturer may elect to certify a 2008010 model-year zero-emission vehicle
or hybrid electric vehicle, except an off-vehicleacge capable hybrid electric vehicle, using this
section E.

1. Electric Dynamometer. All ZEVs and HEVs must be tested using a 48-inch
single roll electric dynamometer meeting the regmients of 40 CFR Subpart B, §86.108-
00(b)(2) [October 22, 1996].

2. Vehicle and Battery Break-In Period. A manufacturer shall use good
engineering judgment in determining the properibtasiol emissions mileage test point and
report same according to the requirements of se@i@.11 above.

3. All-Electric Range Test for Zero-Emission Vehias (including Fuel Cell
Vehicles and Hybrid Fuel Cell Vehicles).All 2011 and subsequent ZEVs shall be subject to
the All-Electric Range Test specified below for thepose of determining the enerqgy efficiency
and operating range of the ZEV.

3.1 Determination of Urban All-Electric Range for Zero-Emission Vehicles.

3.1.1 Determination of Urban All-Electric Range for Battery Electric Vehicles.

(a) Cold soak The vehicle shall be stored at an ambient teatper not less than &8
(20°C) and not more than 86 (30°C) for 12 to 36 hours. During this time, the védig battery
shall be charged to a full state-of-charge. Ché&ime shall not exceed soak time.

(b) At the end of the cold soak period, the vehghall be placed or pushed, onto a
dynamometer and operated through successive Urpaanibmeter Driving Schedules (UDDS),
40 CFR, Part 86, Appendix | [July 13, 2005], whishncorporated herein by reference. A
10-minute soak shall follow each UDDS.

(c) For vehicles with a maximum speed greater tiragqual to the maximum speed on
the UDDS, this test sequence shall be repeatebth@tvehicle is no longer able to maintain
either the speed or time tolerances in 40 CFR 8860D (b)(1) and (2) [October 22, 1996], or
the manufacturer determines that the test shoutdrb@nated for safety reasons, e.q. excessively
high battery temperature, abnormally low batterfage, etc.
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(d) For vehicles with a maximum speed less thamihximum speed on the UDDS, the
vehicle shall be operated at maximum available pdwesefull throttle) when the vehicle cannot
achieve the speed trace within the speed and tlemhces specified in 40 CFR 886.115-
00(b)(1) and (2) [October 22, 1996]. The testidmalterminated when the vehicle speed when
operated at maximum available power (or full thedtfalls below 95 percent of the maximum
speed initially achieved on the UDDS or when thiédpa state-of-charge is depleted to the
lowest level allowed by the manufacturer, or thenaiacturer determines that the test should be
terminated for safety reasons, e.q. excessively baitery temperature, abnormally low battery
voltage, etc., whichever occurs first. For off-md charge capable hybrid electric vehicles, this
determination shall be performed without the usthefauxiliary power unit.

3.1.2 Determination of Urban All-Electric Range for Fuel Cell Vehicles and
Hybrid Fuel Cell Vehicles.

(a) The urban all-electric range for a fuel celiede and a hybrid fuel cell vehicle
shall be determined in accordance with SAE J2572.

3.2 Determination of Highway All-Electric Range for Zero-Emission Vehicles
and Range for Fuel Cell Vehicles and Hybrid Fuel déVehicles.

3.2.1 Determination of Highway All-Electric Range for Battery Electric Vehicles.

(a) Cold soak The vehicle shall be stored at an ambient teatper not less than &3
(20°C) and not more than 86 (30°C) for 12 to 36 hours. During this time, the védig battery
shall be charged to a full state-of-charge. Ché&ime shall not exceed soak time.

(b) At the end of the cold soak period, the vehitiall be placed, either driven or
pushed, onto a dynamometer and operated througfbomtinuous Highway Test Schedules of
the Highway Fuel Economy Driving Schedule (HFEDS).

(c) For vehicles with a maximum speed greater tiragqual to the maximum speed on
the HFEDS, this test sequence shall be repeatddhat/ehicle is no longer able to maintain
either the speed or time tolerances in 40 CFR 8860D (b)(1) and (2) [October 22, 1996], or
the manufacturer determines that the test shoutdrb@nated for safety reasons, e.q. excessively
high battery temperature, abnormally low batterfage, etc.

(d) For vehicles with a maximum speed less thamiaximum speed on the HFEDS, the
vehicle shall be operated at maximum available pdwesefull throttle) when the vehicle cannot
achieve the speed trace within the speed and tlemhces specified in 40 CFR
§86.115-00(b)(1) and (2) [October 22, 1996]. Tdwt shall be terminated when the vehicle
speed when operated at maximum available powdulldhrottle) falls below 95 percent of the
maximum speed initially achieved on the HFEDS oewthe battery state-of-charge is depleted
to the lowest level allowed by the manufacturethermanufacturer determines that the test
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should be terminated for safety reasons, e.g. skadg high battery temperature, abnormally
low battery voltage, etc., whichever occurs first.

(e) NEVs are exempt from the all-electric rangghlaiay test.

3.2.2 Determination of Highway All-Electric Range for Fud Cell Vehicles and
Hybrid Fuel Cell Vehicles.

(a) The highway all-electric range for a fuel aadhicle and a hybrid fuel cell vehicle
shall be determined in accordance with SAE J2572.

3.3 Recording requirements.

For all battery electric vehicles and hybrid € ectric vehicles, except off-vehicle
charge capable hybrid el ectric vehicles. Once the vehicle is no longer able to maintain
the speed and time requirements specified in B8E.3.2 above, the vehicle shall be
brought to an immediate stop and the following dduall be recorded:

(a) mileage accumulated during the All-Electric Ba est;

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

(c) AC energy required to fully charge the batiaiter the All-Electric Range
Test from the point where electricity is introdudeain the electric outlet to the battery
charger; and

(d) DC energy required to fully charge the battsiter the All-Electric Range
Test from the point where electricity is introdudeain the battery charger to the battery.

Battery charging shall begin within 1 hour afteni@ating the All-Electric Range Test.

3.4  Regenerative braking Regenerative braking systems may be utilizethduhe
range test. The braking level, if adjustable, Idhalset according to the manufacturer’'s
specifications for normal driving conditions priorthe commencement of the test. The driving
schedule speed and time tolerances specified id BrE.3.2 shall not be exceeded due to the
operation of the regenerative braking system.

3.5 Measurement Accuracy For battery electric vehicles, the overall errovoltage
and current recording instruments shall be NIS@aadle and accurate to +1% of the maximum
value of the variable being measured. Suggesteghment: amp meter/power meter capable of
sampling voltage and current. Voltage and curseatl be sampled at a minimum rate of 20 hz.

3.6 Watt Hour Calculation for Battery Electric Vehicles.

DC enerqgy (watt hours) shall be calculated as fedlo
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DC energy v(t) *i(t) dt
Where v = vehicle DC main battery pack voltage
i = vehicle DC main battery pack current

3.7 Charger Requirements for Battery Electric Vehicles.

The standard charging apparatus (or equivalenthalyy furnished with or specified for
the vehicle shall be used for charging during ehiesting.

4, Determination of Battery Specific Energy for ZE\S.

Determine the specific energy of batteries usqubteer a ZEV in accordance with the
U.S. Advanced Battery Consortium’s Electric VehiBlattery Procedure Manual (January 1996),
Procedure No. 2, “Constant Current Discharge TegeS,” using the C/3 rate. The weight
calculation must reflect a completely functionattbey system as defined in the Appendix of the
Manual, including pack(s), required support and#s (e.g., thermal management), and
electronic controller.

5. Determination of the Emissions of the Fuel-firedHeater for Vehicles Other
Than ZEVs.

The exhaust emissions result of the fuel-fired éresthall be determined by operating at a
maximum heating capacity with a cold start betwggfr and 86F for a period of 20 minutes
and dividing the grams of emissions by 20. Thelte®) grams per minute shall be multiplied
by 3.0 minutes per mile to obtain a grams per walee.

6. Urban Emission Test Provisions for All Hybrid Electric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

Alternative procedures may be used if shown tayegjuivalent results and if approved
in advance by the Executive Officer of the Air Res®s Board.

6.1 Vehicle Preconditioning.

To be conducted pursuant to the “California EvappaesE mission Standards and Test
Procedures for 2001 and Subsequent Model Motordke=sii with the following supplemental

requirements:

6.1.1 For hybrid electric vehicles that do notwallmanual activation of the auxiliary
power unit, battery state-of-charge shall be satlavel that causes the hybrid electric vehicle to
operate the auxiliary power unit for the maximunsgble cumulative amount of time during the
preconditioning drive.

6.1.2 For hybrid electric vehicles that allow mdmgivation of the auxiliary power
unit, battery state-of-charge shall be set at alldhat satisfies one of the following conditions:
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()] If the hybrid electric vehicle is charge-susiag over the UDDS, battery
state-of-charge shall be set at the lowest levelvald by the manufacturer.

(i) If the hybrid electric vehicle is charge-detitg) over the UDDS, battery
state-of-charge shall be set at the level recomertbg the manufacturer for
activating the auxiliary power unit when operatinairban driving conditions.

6.1.3 After setting battery state-of-charge, thierldyelectric vehicle shall be pushed or
towed to a work area for the initial fuel drain dildaccording to section Ill.D.1.4. of the
“California Evaporative Emission Standards and R¥stedures for 2001 and Subsequent
Model Motor Vehicles.”

6.1.4 Following the initial fuel drain and fill, ¢hvehicle shall complete an initial soak
period of a minimum of 6 hours. After completimg tsoak period, the vehicle shall be pushed
or towed into position on a dynamometer and preciomed. If the auxiliary power unit is
capable of being manually activated, the auxil@ower unit shall be manually activated at the
beqginning of and operated throughout the precaritpg drive.

6.1.5 Within five minutes of completing preconditing drive, battery state-of-charge
shall be set at a level that satisfies one of dflewing conditions:

(i) If the hybrid electric vehicle does not allowarmual activation of the
auxiliary power unit and is charge-sustaining axerUDDS, then set battery
state-of-charge to a level such that the SOC arrign section F.10 would be
satisfied for the dynamometer procedure (secti@?Eof these procedures). If
off-vehicle charging is required to increase batstate-of-charge for proper
setting, off-vehicle charging shall occur during gecond soak period of 12 to 36
hours.

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

(i) If the hybrid electric vehicle does allow maed activation of the auxiliary
power unit, then set battery state-of-charge toufanturer recommended level
for activating the auxiliary power unit when thebhig electric vehicle is
operating in urban driving conditions.
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6.2 Urban Dynamometer Procedure for All Hybrid Eledric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR §86.135fober 22, 1996\vith the
following revisions. References to §86.110-94 lstmalan §86.110-94 as last amended
June 30, 1995.

6.2.1 Amend subparagraph (a).

Overview. The dynamometer run shall consist of two testepld” start
test, after a second fuel drain and fill and adl36 hour soak period performed pursuant
to the provisions of the “California Evaporative iSgion Standards and Test Procedures
for 2001 and Subsequent Model Motor Vehicles” afidat” start test following the
“cold” start test by 10 minutes. Vehicle startuwptl all accessories turned off),
operation over the UDDS and vehicle shutdown magenaplete cold start test. Vehicle
startup and operation over the UDDS and vehiclédsiwn make a complete hot start
test.

For all UDDS tests hte exhaust emissions are diluted with ambientair i
the dilution tunnel as shown in Figure B94-5 anguifeé B94-6 (886.110-94). A dilution
tunnel is not required for testing vehicles waitean the requirement to measure
particulates. Four particulate samples are catkon filters for weighing; the first
sample plus backup is collected during the cold gtat (including shutdown); the
second sample plus backup is collected during dhetart test (including shutdown).
Continuous proportional samples of gaseous emission collected for analysis during
each test. For hybrid electric vehicles with Gtyaie auxiliary power units, the
composite samples collected in bags are analyzetH&, CO, CQ, CH, and NQ. For
hybrid electric vehicles that are not “off-vehiclearge capable,” and are equipped with
petroleum-fueled diesel-cycle auxiliary power uridgptional for natural gas-fueled,
liguefied petroleum gas-fueled, and alcohol-fualexbel-cycle vehicles), THC is
sampled and analyzed continuously pursuant torbvgions of 886.110-94. Parallel
samples of the dilution air are similarly analyZedTHC, CO, CQ, CH, and NQ. For
hybrid electric vehicles with natural gas-fueleduéfied petroleum gas-fueled, and
alcohol-fueled auxiliary power units, bag samplesaollected and analyzed for THC (if
not sampled continuously), CO, G@H, and NQ. For hybrid electric vehicles with
alcohol-fueled auxiliary power units, alcohol amdmaldehyde samples are taken for
both exhaust emissions and dilution air (a singlgidn air formaldehyde sample,
covering the total test period may be collectd@rallel bag samples of dilution air are
analyzed for THC, CO, COCH, and NQ.

6.2.2 Subparagraphs (b) through (c). [No change.]

6.2.3 Delete subparagraph (d).

6.2.4 Subparagraphs (e) through (g). [No change.]
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6.2.5 Amend subparagraph (h): The driving distansaneasured by counting
the number of dynamometer roll or shaft revolutiaisll be determined for the cold
start test and hot start test. The revolutionl fganeasured on the same roll or shaft
used for measuring the vehicle’s speed

6.2.6 Subparagraph (i). [No change.]

6.3 Urban Dynamometer Test Run, Gaseous and Partiate Emissions for All
Hybrid Electric Vehicles, Except Hybrid Fuel Cell Vehicles and Off-Vehicle Charge
Capable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 886.137-96 [M2adc 1993] with the
following revisions:

6.3.1 Amend subparagraph (&@eneral. The dynamometer run shall consist of
two tests, a “cold” start test, after a second élraln and fill and a 12 to 36 hour soak
period performed pursuant to the provisions of‘@a&ifornia Evaporative Emission
Standards and Test Procedures for 2001 and Sulvgddadel Motor Vehicles” and a
“hot” start test following the cold start test b§ fninutes. The complete dynamometer
test consists of a cold start drive of 7.5 miléza.11km) and a hot start drive of 7.5 miles
(12.1 km). The vehicle shall be stored prior ® émission test in such a manner that
precipitation (e.q., rain or dew) does not occuthmvehicle. The vehicle is allowed to
stand on the dynamometer during the 10 minute per®d between each test.

6.3.2 Amend subparagraph (b) as follows.

6.3.2.1 Amend subparagraph (b)(9): Start the lgasheasuring device,
position the sample selector valves to direct Hm@e flow into the exhaust
sample bag, the alcohol exhaust sample, the foehgttk exhaust sample, the
dilution air sample bag, the alcohol dilution aangle and the formaldehyde
dilution air sample (turn on the petroleum-fuelegsél-cycle THC analyzer
system integrator, mark the recorder chart, statiqulate sample pump No. 1,
and record both gas meter or flow measuremenuim&nt readings, if
applicable), and turn the key on. If the auxilipower unit is capable of being
manually activated, the auxiliary power unit shwdlactivated at the beginning of
and operated throughout the UDDS

6.3.2.2 Delete subparagraph (b)(13).

6.3.2.3 Amend subparagraph (b)(14): Turn the Veluff 2 seconds after
the end of the last deceleration (at 1,369 seconds)

6.3.2.4 Amend subparagraph (b)(15): Five secofidsthe vehicle is
shutdown, simultaneously turn off gas flow measydevice No. 1 and if
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applicable, turn off the hydrocarbon integrator BMlpmark the hydrocarbon
recorder chart, turn off the No. 1 particulate seEnmump and close the valves
isolating particulate filter No. 1, and positioretesample selector valves to the
“standby” position. Record the measured roll afshevolutions (both gas meter
or flow measurement instrumentation readings),rasdt the counter. As soon as
possible, transfer the exhaust and dilution air@amto the analytical system and
process the samples pursuant to 886.140, obtaanstabilized reading of the
exhaust bag sample on all analyzers within 20 remof the end of the sample
collection phase of the test. Obtain alcohol amwchBldehyde sample analyses, if
applicable, within 24 hours of the end of the sapariod. (If it is not possible

to perform analysis on the alcohol and formaldelsataples within 24 hours, the
samples should be stored in a dark cofC(#b 10C) environment until analysis.
The samples should be analyzed within fourtees.glaly applicable, carefully
remove both pairs of particulate sample filtersxfriheir respective holders, and
place each in a separate petri dish, and cover.

6.3.2.5 Amend subparagraph (b)(18): Repeat thps steparagraphs
(b)(2) through (b)(17) of this section for the Istdrt test. The step in paragraph
(b)(9) of this section shall begin between 9 andnldutes after the end of the
sample period for the cold start test.

6.3.2.6 Delete subparagraph (b)(19).
6.3.2.7 Delete subparagraph (b)(20).
6.3.2.8 Amend subparagraph (b)(21): As soon asible, and in

no case longer than one hour after the end ofdhsthrt phase of the test,
transfer the four particulate filters to the werggnchamber for post-test
conditioning, if applicable. For hybrid electriehicles that do not allow manual
activation of the auxiliary power unit and are a®sustaining over the UDDS, a
valid test shall satisfy the SOC criterion in sectF.10.

6.3.2.9 Amend subparagraph (b)(24): Vehicles ttebted for evaporative
emissions will proceed pursuant to the “CaliforBisporative Emission
Standards and Test Procedures for 2001 and Sulrgddaodel Motor Vehicles.”

6.4 Calculations - Exhaust Emissions for All HybridElectric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 8§86.144-94 IR 005] with the
following revisions:

6.4.1 Amend subparagraph (a): For light-duty vielsiand light duty trucks:
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Y Y,
Yom=0.43* — | + 0.57 *|

c h

Where:

(1) Ywm = Weighted mass emissions of each pollutant,TileC, CO,
THCE, NMOG, NMHCE, CH, NO,, or CG, in grams per vehicle mile.

(2) Y. = Mass emissions as calculated from the cold &atfin grams

per test.
(3) Yn = Mass emissions as calculated from the hot &stfin grams per

test.
(4) D, = The measured driving distance from the cold $&st, in miles.
(5) Dy =The measured driving distance from the hot $¢stt in miles.

6.4.2 Subparagraphs (b) through (e). [No change.]

6.5 Calculations - Particulate Emissions for All Hyrid Electric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 886.145-82 [Mirez 2, 1982] with the
following revisions. References to 886.110-94 lstm&lan §86.110-94 as last amended
June 30, 1995.

6.5.1 Amend subparagraph (a): The final reporstresults for the mass
particulate (M) in grams/mile shall be computed as follows:

M M
Mp=0.43* —® | +057* ™
Dc Dh
Where:

(1) My = Mass of particulate determined from the coldtg&st, in grams
per vehicle mile. (See 886.110-94 for determimajio

(2) My = Mass of particulate determined from the hottg&st, in grams
per vehicle mile. (See 886.110-94 for determimajio

(3) D, = The measured driving distance from the cold $&st, in miles.

(4) D, =The measured driving distance from the hot $éstt in miles.

6.5.2 Subparagraph (b). [No change.]

7. Highway Emission Test Provisions for All HybridElectric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 8600.111-08dmber 27, 2006] with the
following revisions.
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7.1 Subparagraph (a). [not applicable - delete]

7.2  Amend subparagraph (b) as follows:

7.2.1 Amend subparagraph (b)(2): The highway fuel eaontest is designated
to simulate non-metropolitan driving with an averapeed of 48.6 mph and a maximum
speed of 60 mph. The cycle is 10.2 miles long Withstop per mile and consists of
warmed-up vehicle operation on a chassis dynamartietaigh a specified driving
cycle. A proportional part of the diluted exhaestission is collected continuously for
subsequent analysis of THC, CO, £&nd NQ using a constant volume (variable
dilution) sampler. Diesel dilute exhaust is contiasly analyzed for hydrocarbons using
a heated sample line and analyzer. Alcohol anddtnehyde samples are collected and
individually analyzed for alcohol-fueled vehicles.

7.2.2 Amend subparagraph (b)(7)(i): The dynamonmatecedure shall consist
of two cycles of the Highway Fuel Economy Drivingh@dule (8600.109(b)) separated
by 15 seconds of idle. The first cycle of the Higly Fuel Economy Driving Schedule is
driven to precondition the test vehicle and theoedds driven for the fuel economy
measurement.

7.2.3 _Amend subparagraph (b)(7)(iii): Only oneax$t sample and one
background sample shall be collected and analyae@HC (except diesel hydrocarbons
which are analyzed continuously), CO, £@nd NQ. Alcohol and formaldehyde
samples (exhaust and dilution air) are collectatlaaralyzed for alcohol-fueled vehicles.

7.2.4 Add subparagraph(b)(7)(v): For hybrid electehicles that do not allow
manual activation of the auxiliary power unit, leaytstate-of-charge shall be set at a level
that causes the hybrid electric vehicle to opditaeauxiliary power unit for the
maximum possible cumulative amount of time durimg HFEDS preconditioning cycle.

For hybrid electric vehicles that allow manuaiation of the auxiliary power unit,
battery state-of-charge shall be set at a leveldhidsfies one of the following conditions:

(i) If the hybrid electric vehicle is charge-susian over the HFEDS,
battery state-of-charge shall be set at the lolegst allowed by the
manufacturer.

(ii) If the hybrid electric vehicle is charge-detitg over the HFEDS,
battery state-of-charge shall be set at the le@mmended by the manufacturer
for activating the auxiliary power unit when opéamngtin highway driving
conditions.

7.2.5 Amend subparagraph (b)(9)(v): Operate ticleeover one HFEDS
preconditioning cycle according to the dynamomdtarng schedule specified in
8600.109-08(b) [December 27, 2006]. If the auxylipower unit is capable of being
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manually activated, the auxiliary power unit shedlmanually activated at the beginning
of and operated throughout the HFEDS preconditmpiytle.

7.2.6 _Amend subparagraph (b)(9)(vi): When the elehieaches zero speed at
the end of the HFEDS preconditioning cycle, thea@irhas 17 seconds to prepare for the
HFEDS emission measurement cycle of the test. tR@skenable the roll revolution
counter. During the idle period, one of the folioa/conditions shall apply:

(i) For hybrid electric vehicles that do not alltle auxiliary power
unit to be manually activated and are charge-sustabver the HFEDS, the
vehicle shall be momentarily turned off for 5 sed®@and turned back on during
the idle period. The battery state-of-charge dhallecorded after the hybrid
electric vehicle has fully turned on.

(i) For hybrid electric vehicles that do not allalae auxiliary power
unit to be manually activated and are charge-diegieiver the HFEDS, the
vehicle shall remain turned on during the idle @eri

(i) For hybrid electric vehicles that allow thexaliary power unit to
be manually activated, the vehicle shall remaingdron with the auxiliary power
unit operating during the idle period.

7.2.7 Add subparagraph (b)(9)(viii): At the corsibn of the HFEDS emission
test, one of the following conditions shall apply:

(i) For hybrid electric vehicles that do not alltle auxiliary power
unit to be manually activated and are charge-sustabver the HFEDS, record
the battery state-of-charge to determine if the $B@rion in section F.10 is
satisfied. If the SOC criterion is not satisfiten repeat dynamometer test run
from subparagraph (h)(6). A total of three highwayission tests shall be
allowed to satisfy the SOC criterion.

(i) For hybrid electric vehicles that do not allalae auxiliary power
unit to be manually activated and are charge-dewletver the HFEDS, the
emission test is completed.

(ii) For hybrid electric vehicles that allow thexaliary power unit to
be manually activated, the emission test is coragdlet

7.2.8 Delete subparagraph (b)(10).

7.3 Delete subparagraphs (c) through (e).
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8. SFETP Emission Test Provisionfor All Hybrid Electric Vehicles, Except
Hybrid Fuel Cell Vehicles and Off-Vehicle Charge Caable Hybrid Electric Vehicles.

8.1 US06 Vehicle Preconditioning

To be conducted pursuant to 40 CFR 886.132-00 jectd?2, 1996] with the
following revisions.

8.1.1 Subparagraphs (a) through (m). [No change.]

8.1.2 Amend subparagraph (n): Aggressive Drivingt TES06)
Preconditioning.

8.1.2.1 Amend subparagrafih) as follows If the US06 test follows the
exhaust emission FTP or evaporative testing, theeliag step may be deleted
and the vehicle may be preconditioned using ther&meaining in the tank (see
paragraph (c)(2)(ii) of this section). The tedhieée may be pushed or driven
onto the test dynamometer. For hybrid electridalel that allow manual
activation of the auxiliary power unit, batterytstaf-charge shall be set at a level
that satisfies one of the following conditions:

8.1.2.1.1 Delete subparagraph (i), and replace with: Ifitierid
electric vehicle is charge-sustaining over the U3®@itery state-of-charge shall
be set at the lowest level allowed by the manufactuThe auxiliary power unit
shall be manually activated at the beginning of eperated throughout the US06
preconditioning cycle.

8.1.2.1.2 Delete subparagraph (ii), and replace with: Ifhigbrid
electric vehicle is charge-depleting over the USGftery state-of-charge shall be
set at the level recommended by the manufacturexdiovating the auxiliary
power unit when operating in highway driving cormahis. The auxiliary power
unit shall be manually activated at the beginnihgral operated throughout the
US06 preconditioning cycle.

8.1.2.1.3 Subparagraphs (iii) through (iv). [Naobe.]

8.1.2.2 Subparagraph (2). [No change.]

8.1.3 Subparagraph (0). [No change.]

8.2 US06 Emission Test.

To be conducted pursuant to 40 CFR 886.159-08 [mbee 27, 2006] with the
following revisions.
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8.2.1 Amend subparagraph (@verview. The dynamometer operation consists
of a single, 600 second test on the US06 drivitgdale, as described in appendix I,
paragraph (qg), of this part. The hybrid electeticle is preconditioned in accordance
with 886.132-00, to bring it to a warmed-up stat@ti condition. This preconditioning is
followed by a 1 to 2 minute idle period that pragedirectly into the US06 driving
schedule during which continuous proportional s&a®Ef gaseous emissions are
collected for analysis. If engine stalling shoattur during testing, follow the
provisions of 886.136-90 (engine starting and réstg). For hybrid electric vehicles
with Otto-cycle auxiliary power units, the compessiamples collected in bags are
analyzed for THC, CO, CQCH, and NQ. For hybrid electric vehicles with diesel-cycle
auxiliary power units, THC is sampled and analyeedtinuously according to the
provisions of 886.110. Parallel bag samples aitdih air are analyzed for THC, CO,
CO,, CHs and NQ.

8.2.2 Amend subparagraph (b) as follows.

8.2.2.1 Amend subparagraph (b)(2): Position teeuehicle on the
dynamometer and restrain.

8.2.3 Subparagraph (c). [No change.]

8.2.4 Amend subparagraph (d): Practice runs over thscpibed driving
schedule may be performed at test point to peramiding system adjustment.

8.2.5 Subparagraph (e). [No change.]

8.2.6  Amend subparagraph (f) as follows.

8.2.6.1 Amend subparagraph (f)(2)(i): Immediatdigr completion of
the US06 preconditioning cycle, idle the vehicléhe idle period is not to be less
than one minute or not greater than two minutestiig the idle period, one of
the following conditions shall apply:

(i) For hybrid electric vehicles that do not alltle auxiliary power
unit to be manually activated and are charge-suistapover the US06, the vehicle
shall be momentarily turned off for 5 seconds amddd back on during the idle
period. The battery state-of-charge shall be asxbafter the hybrid electric
vehicle has fully turned on.

(i) For hybrid electric vehicles that do not allalae auxiliary power
unit to be manually activated and are charge-diegieiver the US06, the vehicle
shall remain turned on during the idle period.
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(i) For hybrid electric vehicles that allow thexaliary power unit to
be manually activated, the vehicle shall remaingdron with the auxiliary power
unit operating during the idle period.

8.2.6.2 Amend subparagraph (f)(2)(ix): At the conclusairihe US06
emission test, one of the following conditions shably:

(i) For hybrid electric vehicles that do not allomanual activation of
the auxiliary power unit and are charge-sustaiower the US06, record the
battery state-of-charge to determine if the SO€@gan in section F.10 is
satisfied. If the SOC criterion is not satisfiten repeat dynamometer test run
from subparagraph (f)(2)(i). A total of three USEission tests shall be allowed
to satisfy the SOC criterion.

(i) For hybrid electric vehicles that do not allalae auxiliary power
unit to be manually activated and are charge-d@wletver the US06, turn off
vehicle 2 seconds after the end of the last demigber;

(i) For hybrid electric vehicles that allow thexaliary power unit to
be manually activated, turn off vehicle 2 secorfter dhe end of the last
deceleration.

8.3 SCO03 Vehicle Preconditioning.

To be conducted pursuant to 40 CFR 886.132-00 jectd?2, 1996] with the
following revisions.

8.3.1 Subparagraphs (a) through (n). [No change.]

8.3.2 Amend subparagraph (ddir Conditioning Test (SC03) Preconditioning.

8.3.2.1 Amend subparagraph) as follows: If the SCO03 test follows the
exhaust emission FTP or evaporative testing, theeliag step may be deleted
and the vehicle may be preconditioned using ther&reaining in the tank (see
paragraph (c)(2)(ii) of this section). The teshieée may be pushed or driven
onto the test dynamometer. For hybrid electriasleh that allow manual
activation of the auxiliary power unit, batterytstaf-charge shall be set at a level
that satisfies one of the following conditions:

8.3.2.1.1 Delete subparagraph (i), and replace with: Ifitilerid electric
vehicle is charge-sustaining over the SC03, ba#tEg-of-charge shall be set at
the lowest level allowed by the manufacturer. @briliary power unit shall be
manually activated at the beginning of and opertisslighout the SC03
preconditioning cycle.
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8.3.2.1.2 Delete subparagraph (ii), and replace with: ¢f itybrid
electric vehicle is charge-depleting over the SG@Btery state-of-charge shall be
set at the level recommended by the manufacturexdiovating the auxiliary
power unit when operating in highway driving comahis. The auxiliary power
unit shall be manually activated at the beginnihgral operated throughout the
SCO03 preconditioning cycle.

8.3.2.2 Subparagraphs (2) through (3). [No chdnge

8.4 SCO03 Emission Test.

To be conducted pursuant to 40 CFR 886.160-00 [Dbee 8, 2005] with the
following revisions.

8.4.1 Amend subparagraph (Dverview. The dynamometer operation
consists of a single, 594 second test on the S@0B@ schedule, as described in
appendix |, paragraph (h), of this part. The Iylelectric vehicle is preconditioned in
accordance with 886.132-00 of this subpart, todotite vehicle to a warmed-up
stabilized condition. This preconditioning is faled by a 10 minute vehicle soak
(vehicle turned off) that proceeds directly inte tRC03 driving schedule, during which
continuous proportional samples of gaseous emissiofcollected for analysis. The
entire test, including the SC03 preconditioningleygehicle soak, and SC03 emission
test, is either conducted in an environmentalfteslity or under test conditions that
simulate testing in an environmental test cell &&&.162-00 (a) for a discussion of
simulation procedure approvals). The environmeest facility must be capable of
providing the following nominal ambient test comalits of: 95F air temperature, 100
grains of water/pound of dry air (approximatelypdycent relative humidity), a solar heat
load intensity of 850 W/ and vehicle cooling air flow proportional to velei speed.
Section 86.161-00 discusses the minimum faciligureements and corresponding
control tolerances for air conditioning ambient anditions. The vehicle’s air
conditioner is operated or appropriately simuldtedhe duration of the test procedure
(except for the 10 minute vehicle soak), including preconditioning. If engine stalling
should occur during testing, follow the provisia{$86.136-90 (engine starting and
restarting). For hybrid electric vehicles with @tycle auxiliary power units, the
composite samples collected in bags are analyzeBH&, CO, CQ, CH, and NQ. For
hybrid electric vehicles with diesel-cycle auxiligrower units, THC is sampled and
analyzed continuously according to the provisioin§86.110. Parallel bag samples of
dilution air are analyzed for THC, CO, G@H, and NQ.

8.4.2 Amend subparagraph (b) as follows.

8.4.2.1 Amend subparagraph (b)(2): Position teeuehicle on the
dynamometer and restrain.

8.4.3 Amend subparagraph (c) as follows.
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8.4.3.1 Amend subparagraph (c)(9): Start vehieléh(air conditioning
system also running). If the auxiliary power ufithe hybrid electric vehicle is
capable of being manually activated, the auxil@swer unit shall be manually
activated at the beginning of and operated througtice SC03 emission test.
Fifteen seconds after the vehicle starts, beginritial vehicle acceleration of the
driving schedule.

8.4.4 Amend subparagraph (d) as follows.

8.4.4.1 Amend subparagraph (d)(10): At the conaiusf the SC03
emission test, one of the following conditions shably:

(i) For hybrid electric vehicles that do not alltle auxiliary power
unit to be manually activated and are charge-sustaiover the SC03, record the
battery state-of-charge to determine if the SO@an in section F.10 is
satisfied. If the SOC criterion is not satisfigtten turn off cooling fan(s), allow
vehicle to soak in the ambient conditions of paapbr(c)(5) of this section for 10
minutes, and repeat dynamometer test run from sabgEph (d). A total of three
SC03 emission tests shall be attempted to satishsOC criterion.

(i) For hybrid electric vehicles that do not allalae auxiliary power
unit to be manually activated and are charge-d@wgletver the SC03, turn off
vehicle 2 seconds after the end of the last demiaber;

(i) For hybrid electric vehicles that allow thexaliary power unit to
be manually activated, turn off vehicle 2 secorfter dhe end of the last
deceleration.

8.4.5 Subparagraph (e). [No change.]

9. State-of-Charge Net Change Tolerances for All Hyrid Electric Vehicles,
Except Hybrid Fuel Cell Vehicles and Off-Vehicle Caable Hybrid Electric Vehicles.

9.1 For hybrid electric vehicles that use a batéeran enerqy storage device, the
following state-of-charge net change tolerancel sipadly:

NHVfueI ljmfuel
(Amp-hfina)max = (AMp-hnitia) + 0.01 0]

Ve 0K,

system

(Amp-hrmlm_m = (Amp-hkyitia) - 0.01 0]

(NHVfud |]mfuel J

yetem UKy
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Where:

(Amp-hffina)max = Maximum allowed Amp-hr stored in battery at #rel of the test
(Amp-hfina)min = Minimum allowed Amp-hr stored in battery at #red of the test
(Amp-hfipitial) = Battery Amp-hr stored at the beginning of testt

NHV fyel = Net heating value of consumable fuel, in Jokkps/

Miyel = Total mass of fuel consumed during test, in kg

K1 = _Conversion factor, 3600 seconds/hour

Vsystem = Average charge sustaining battery DC bus volftagen circuit)
during charge sustaining operation. This valudl slea
submitted for testing purposes, and it shall beesiitho
confirmation by the Air Resources Board.

9.2 For hybrid electric vehicles that use a capaes an energy storage device, the
following state-of-charge net change tolerancel stadly:

i \

(2 |:|NHVfueI ljrnfuel )

-(MM)-m—aXi\/Virfitial + OO:'-D

r kY

(2 |:|NHVfueI |:|rnfuel )

(Mm)mi\/vi;ﬁaj - 0010

Where:

(Viinal)max = The stored capacitor voltage allowed at theddritle test

(Vfina)min = The stored capacitor voltage allowed at theddritle test

V2o = The square of the capacitor voltage storedeab#winning of the test
NHV fel = Net heating value of consumable fuel, in Joulgs/

Miyel = Total mass of fuel consumed during test, in kg

C = Rated capacitance of the capacitor, in Farads

9.3 For hybrid electric vehicles that use an etenotechanical flywheel as an energy
storage device, the following state-of-charge heinge tolerance shall apply:

i \

(2 |:|NH\/fueI |:|mfuel )
| 0K,

.(ﬂm‘final @Xi\/rpmiima] + OOlD

7 \

(2 |]NHVfuel |]mfuel )
| 0K,

(rpMiingy mi\/ rpm?,., — 0010

Where:
(rpMeina)max___ = The maximum flywheel rotational speed allowethatend of the test
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(rpMkinal min

The minimum flywheel rotational speed allowedhst end of the test

rpm?.. The squared flywheel rotational speed at thenogmg of the test
NHV fel Net heating value of consumable fuel, in Joutes/
Miyel Total mass of fuel consumed during test, in kg
. AT
Ks Conversion factor;

3600sec - rpm?

Rated moment of inertia of the flywheel, in kdg-
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E. Test Procedures for 2011 and Subsequent Model &fehicle Charge
Capable Hybrid Electric Vehicles.

The “as adopted or amended dates” of the 40 CFR8Baegulations referenced by this
document are the dates identified in the “CalifarBkhaust Emission Standards and Test
Procedures for 2001 and Subsequent Model Pass€agerLight-Duty Trucks and Medium-
Duty Vehicles,” unless otherwise noted. A manufest may elect to certify a 2009 or a 2010
model-year off-vehicle charge capable hybrid elestehicle using this section F.

1. Electric Dynamometer.

All off-vehicle charge capable HEVs must be testsihg a 48-inch single roll electric
dynamometer meeting the requirements of 40 CFR &uBp 886.108-00(b)(2) [October 22,

1996].

2. Vehicle and Battery Break-In Period.

A manufacturer shall use good engineering judgrnredetermining the proper stabilized
emissions mileage test point and report same aicoptd the requirements of section D.2.11
above.

3. General Testing Requirements.

3.1 Recording requirements.

For off-vehicle charge capable hybrid electric vehicles: The following data shall
be recorded for all charge depleting range andusthtasts and for each individual test

cycle therein:

(a) mileage accumulated during the All-Electric Bauportion of the test,
where applicable;

(b) Net DC enerqy from the battery that was expdridleing the test (may be
reported as the total DC battery energy outputthadotal DC battery energy input);

(c) AC energy required to fully charge the battaiter a charge depleting or
charge sustaining test from the point where elgtfris introduced from the electric
outlet to the battery charger;

(d) DC energy required to fully charge the battster a charge depleting or
charge sustaining test from the point where elgttris introduced from the battery
charger to the battery; and

(e) Net DC amp-hrs from the battery that was expdraturing the test (may
be reported as the total DC amp-hrs output andbtiaé DC amp-hrs input)

3.2 Regenerative braking Regenerative braking systems may be utilizethduhe
range test. The braking level, if adjustable, Idbalset according to the manufacturer’s
specifications for normal driving conditions priorthe commencement of the test. The driving
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schedule speed and time tolerances specified ih BrF.3.2 shall not be exceeded due to the
operation of the regenerative braking system.

3.3 Measurement Accuracy The overall error in voltage and current recogdin
instruments shall be NIST traceable and accuratd 6 of the maximum value of the variable
being measured. Suggested equipment: amp meten/pogter capable of sampling voltage and
current. Voltage and current shall be sampledmirgmum rate of 20 hz.

3.4  Watt Hour Calculation.

DC enerqgy (watt hours) shall be calculated as fedlo

DC energy v(t) *i(t) dt
Where v = vehicle DC main battery pack voltage
i = vehicle DC main battery pack current

3.5 Charger Requirements

The standard charging apparatus (or equivalenthaky furnished with or specified for
the vehicle shall be used for charging during ehiesting.

4, Determination of the Emissions of the Fuel-firedHeater.

The exhaust emissions result of the fuel-fired dresihall be determined by operating at a
maximum heating capacity with a cold start betw@&gfr and 86F for a period of 20 minutes
and dividing the grams of emissions by 20. Thelte®s) grams per minute shall be multiplied
by 3.0 minutes per mile to obtain a grams per walee.

5. Urban Test Provisions for Off-Vehicle Charge Capble Hybrid Electric
Vehicles.

Alternative procedures may be used if shown tadyegjuivalent results and if approved
in advance by the Executive Officer of the Air Res®s Board.

The criteria certification emissions for the Urkiast shall be the worst case emissions of
NMOG, CO, NOx, and PM from either the charge dépéebr charge sustaining tests. The sum
of NMOG + NOx emissions shall constitute the wade for the charge sustaining or charge
depleting modes of operation and determine theabiogr mode for US06 and SC03 emission
tests.

Vehicles with more than one mode of operation fgiven charge depleting or charge
sustaining test cycle must be tested in the modd{gh represents maximum operation of the
auxiliary power unit. Confirmatory testing mayalse performed in any mode of operation to
ensure compliance with emission standards.
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5.1 Vehicle Preconditioning.

To be conducted pursuant to the “California EvatheesEmission Standards and Test
Procedures for 2001 and Subsequent Model Motordke=sii with the following supplemental

requirements:

5.1.1 For vehicles that do not allow manual acitbrabf the auxiliary power unit,
battery state-of-charge shall be set at a levélddnases the vehicle to operate the auxiliary power
unit for the maximum possible cumulative amountimie during the preconditioning drive.

5.1.2 For vehicles that allow manual activatiorihe# auxiliary power unit, battery
state-of-charge shall be set at the lowest levelald by the manufacturer.

5.1.3 After setting battery state-of-charge, thieicle shall be pushed or towed to a
work area for the initial fuel drain and fill accling to section 111.D.1.4 of the “California
Evaporative Emission Standards and Test Procefur@901 and Subsequent Model Motor
Vehicles.”

5.1.4 Following the initial fuel drain and fill, ¢hvehicle shall complete an initial soak
period of a minimum of 6 hours. After completiing tsoak period, the vehicle shall be pushed
or towed into position on a dynamometer and preciomed. If the auxiliary power unit is
capable of being manually activated, the auxil@ower unit shall be manually activated at the
beqginning of and operated throughout the precaritg drive.

5.2 Urban Dynamometer Procedure for Off-Vehicle Chege Capable Hybrid
Electric Vehicles.

To be conducted pursuant to 40 CFR 886.135-00 liectd2, 1996] with the
following revisions. References to §86.110-94 lstmalan §86.110-94 as last amended
June 30, 1995.

5.2.1 Amend subparagraph (a).

Overview. The dynamometer run shall consist of a seriehafge
depleting tests, after a second fuel drain ancifil a 12 to 36 hour soak period
performed pursuant to the provisions of the “Cafifa Evaporative Emission Standards
and Test Procedures for 2001 and Subsequent Moaot@irNM ehicles.” Each charge
depleting test shall consist of one UDDS followsdakl 0 minute hot soak period until
charge sustaining operation is achieved for twaseoutive UDDSs. Once charge
sustaining operation is achieved over two conseeWiDDSSs, or a single UDDS if data
is provided showing that charge sustaining openatem consistently be maintained over
one UDDS, the vehicle shall be turned off and st@tean ambient temperature not less
than 68F (2C0°C) and not more than 86 (3C°C) for 12 to 36 hours. If the energy
required to charge the vehicle from urban chargéasuing operation to full charge is not
equivalent (within + 1% of the AC energy) to theegyy required to charge the vehicle
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from highway charge sustaining operation to fulbirfe, the vehicle must be recharged.
If the energy required to charge the vehicle fratman charge sustaining operation to full
charge is equivalent (within + 1% of the AC eneryyihe energy required to charge the
vehicle from highway charge sustaining operatiofutibcharge, the vehicle may be
recharged. The vehicle must be turned off dureaparging. At the end of this cold
soak period, the vehicle shall be placed or pusimo a dynamometer. Vehicle
emissions shall be measured over two UDDSs duhagge sustaining operation, each
separated by a 10 minute key-off hot soak peribae vehicle must meet SOC criterion
in section F.10 from the start of the first UDDSiutine end of the second UDDS.

For all exhaust emission tests, the exhaust emissice diluted with
ambient air in the dilution tunnel as shown in F&gB94-5 and Figure B94-6 (886.110-
94). A dilution tunnel is not required for testinghicles waived from the requirement to
measure particulates. For UDDSs, particulate sesmuie collected on filters for
weighing during each UDDS. Each sample plus badkepllected during each UDDS
(including shutdown). Continuous proportional sésmf gaseous emissions are
collected for analysis during each UDDS. For vigsiavith Otto-cycle auxiliary power
units, the composite samples collected in bagamaé/zed for THC, CO, COCH, and
NOy. For vehicles with petroleum-fueled diesel-cyaliliary power units (optional for
natural gas-fueled, liquefied petroleum gas-fuesend alcohol-fueled diesel-cycle
vehicles), THC is sampled and analyzed continugpiguant to the provisions of
886.110-94. Parallel samples of the dilution eg&r similarly analyzed for THC, CO,
CO,, CHs and NQ. For vehicles with natural gas-fueled, liquefptroleum gas-fueled,
and alcohol-fueled auxiliary power units, bag sas@re collected and analyzed for THC
(if not sampled continuously), CO, GACH, and NQ. For vehicles with alcohol-fueled
auxiliary power units, alcohol and formaldehyde pbes are taken for both exhaust
emissions and dilution air (a single dilution arrhaldehyde sample, covering the total
test period may be collected). Parallel bag sasnpl@lilution air are analyzed for THC,
CO, CQ, CHs and NQ.

5.2.2 Subparagraphs (b) through (c). [No change.]

5.2.3 Delete subparagraph (d).

5.2.4 Subparagraphs (e) through (g). [No change.]

5.2.5 Amend subparagraph (hThe driving distance, as measured by counting
the number of dynamometer roll or shaft revolutistsll be determined for all charge
depleting and exhaust emission tests. The rewolsitshall be measured on the same roll
or shaft used for measuring the vehicle’s speed.

5.2.6 Subparagraph (i). [No change.]
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5.3 Urban Dynamometer Test Run, Gaseous and Partiate Emissions for Off-
Vehicle Charge Capable Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 886.137-96 [M2adc 1993] with the
following revisions:

5.3.1 Amend subparagraph (&&eneral. The dynamometer run shall consist of
a series of UDDSs, after a second fuel drain dhdrfd a 12 to 36 hour soak period
performed pursuant to the provisions of the “Caiifa Evaporative Emission Standards
and Test Procedures for 2001 and Subsequent MookelrMehicles.” The vehicle shall
be stored prior to the emission test in such a mathat precipitation (e.g., rain or dew)
does not occur on the vehicle. The vehicle isnaith to stand on the dynamometer
during the 10 minute time period between each UDDS.

5.3.2 Amend subparagraph (b) as follows.

5.3.2.1 Amend subparagraph (b)(9): Start theflgasmeasuring
device, direct the sample flow into the exhaust@arbag, the alcohol exhaust
sample, the formaldehyde exhaust sample, the alilir sample bag, the alcohol
dilution air sample and the formaldehyde dilutiogmsample, and turn the key on.
If the auxiliary power unit is capable of being mahy activated, the auxiliary
power unit shall be activated at the beginningraf aperated throughout the

UDDS.
5.3.2.2 Delete subparagraph (b)(13).
5.3.2.3 Subparagraph (b)(14). [No change.]
5.3.2.4 Amend subparagraph (b)(15): Five secaftds the

vehicle is shutdown, simultaneously turn off the law measuring device and
particulate sample pump. Record the measuredrshaft revolutions (both gas
meter or flow measurement instrumentation readjraqs] reset the counter. As
soon as possible, transfer the exhaust and dilailosamples to the analytical
system and process the samples pursuant to 88@hA#ning a stabilized
reading of the exhaust bag sample on all analyzehén 20 minutes of the end of
the sample collection phase of the UDDS. Obtaiotadl and formaldehyde
sample analyses, if applicable, within 24 hourthefend of the sample period.
(If it is not possible to perform analysis on theotol and formaldehyde samples
within 24 hours, the samples should be storeddark cold (4C to 10C)
environment until analysis. The samples shouldrmyzed within fourteen
days.) If applicable, carefully remove both paifgarticulate sample filters from
their respective holders, and place each in a aeppetri dish, and cover.

5.3.25 Amend subparagraph (b)(18): Repeat 8ssh
paradgraphs (b)(2) through (b)(17) of this sectiontifie hot start UDDS. The
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steps in paragraph (b)(9) of this section shalirbbgtween 9 and 11 minutes
after the end of the sample period for the cold £1®DS.

5.3.2.6 Delete subparagraph (b)(19).
5.3.2.7 Delete subparagraph (b)(20).
5.3.2.8 Amend subparagraph (b)(2Hs soon as possible, transfer

the particulate filters to the weighing chambergdost-test conditioning, if
applicable. For vehicles undergoing a cold sth@trge sustaining test, a valid test
shall satisfy the SOC criterion in section F.10.

5.3.2.9 Amend subparagraph (b)(24): Vehiclessttelsted for
evaporative emissions will proceed pursuant to‘fBalifornia Evaporative
Emission Standards and Test Procedures for 2008 absequent Model Motor
Vehicles.”

54 Determination of Urban All-Electric Range and Wban Equivalent All-
Electric Range for Off-Vehicle Charge Capable Hybrd Electric Vehicles.

5.4.1 ThdJrban All-Electric Range shall be shall be defined as the distance that the
vehicle is driven from the start of Urban Chargeléng Range Test until the internal
combustion engine first starts.

5.4.2 Cold soak and vehicle charging The vehicle shall be stored at an ambient
temperature not less than®6§20°C) and not more than &6 (30°C) for 12 to 36 hours. During
this time, the vehicle’s battery shall be charged full state-of-charge. The vehicle must be
turned off during charging. Charge time shall nateed soak time.

5.4.3 Urban Charge Depleting Range Test.At the end of the cold soak period, the
vehicle shall be placed or pushed, onto a dynanemaeid operated through the Continuous
Urban Test Schedule until the SOC Net Change Tobes (specified in section F.10 of these
test procedures) that indicate charge sustainiegabpn are met for two consecutive UDDSSs, or
a single UDDS if data is provided showing that gleasustaining operation can consistently be
maintained in one UDDS. The Alternative Continublitban Test Schedule may be substituted
for the Continuous Urban Test Schedule if the festity is unable to perform the Continuous
Urban Test Schedule. Refer to sections F.5.56Fahd F.11, for calculations of urban exhaust
emissions, urban particulate emissions, and ecgnvailll-electric range, respectively.

5.4.4 Urban Charge Sustaining Emission Test.The Urban Charge Sustaining
Emission Test is conducted cold, and after chang&asing operation has been reached, or an
optional charge sustaining test mode has beenaéetivand no subsequent charge has been

performed.
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(i) Cold soak The vehicle shall be stored at an ambient tenwperanot less than
68°F (20°C) and not more than &6 (30°C) for 12 to 36 hours.

(i) At the end of the cold soak period, the véishall be placed or pushed onto
a dynamometer, and two UDDSs shall be performenhgwharge sustaining operation,
each separated by a 10 minute key-off hot soalkgermhe vehicle must meet the SOC
criterion in section F.10 from the start of thesfityDDS until the end of the second
UDDS. If the SOC criterion is not satisfied, tlesttshall be stopped, the vehicle cold
soak shall be conducted again, and the dynamonesterun shall be conducted again.

5.5 Calculations - Urban Exhaust Emissions for Off/ehicle Charge Capable
Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 8§886.144-94 IR 005] with the
following revisions:

5.5.1 Amend subparagraph (a):

Gaseous Emissions — Urban Charge Depleting Rangte Te

For light-duty vehicles and light duty trucks:

Y, Ty,
Yum = 04300 - |+ 0570 ="

C

Where:
Yuwm_ = Weighted mass emissions of each pollutant,ildC, CO, THCE,
NMOG, NMHCE, CH, NOx, or CQ, in grams per vehicle mile.

Y. = Mass emissions as calculated from the cold B2DS, in grams per test.
D. = The measured driving distance from the cold &®DS, in miles.
n_ = number of hot start UDDSs in Charge Depletipgration

Gaseous Emissions — Urban Charge Sustaining Emigsist.

For light-duty vehicles and light-duty trucks:

Y, Y,
MPPREATPIE

c h

Where:

Yuwm = Weighted mass emissions of each pollutant,ildC, CO, THCE,
NMOG, NMHCE, CH, NG, or CQ, in grams per vehicle mile.

Y. = Mass emissions as calculated from the cold BX2DS, in grams per test.
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Yn = Mass emissions as calculated from the hot BafS, in grams per test.
D. = The measured driving distance from the cold &®DS, in miles.
Dn__ = The measured driving distance from the hot §18DS, in miles.

5.5.2 Subparagraphs (b) through (e). [No change.]

5.6 Calculations - Urban Particulate Emissions foOff-Vehicle Charge Capable
Hybrid Electric Vehicles.

To be conducted pursuant to 40 CFR 886.145-82 [hMdveg 2, 1982] with the
following revisions. References to §86.110-94 lstmalan §86.110-94 as last amended
June 30, 1995.

5.6.1 Amend subparagraph (a):

Particulate Emissions — Urban Charge Depleting Barest.

The final reported test results for the mass padte (M,) in grams/mile shall be
computed as follows:

My = Mass of particulate determined from the coldtdyDDS, in grams per
vehicle mile. (See 886.110-94 for determination.)

The measured driving distance from the cold &8DS, in miles.
number of hot start UDDSs in Charge Depletipgration

Particulate Emissions — Urban Charge Sustainings&om Test.

The final reported test results for the mass padte (M,) in grams/mile shall be
computed as follows:

M . M,
Mp=043 *| — | +0.57 *| ——
D D

c h

My = Mass of particulate determined from the cofdtdDDS, in grams per
vehicle mile. (See 886.110-94 for determination.)

Mpn = Mass of particulate determined from the hottst®DS, in grams per
vehicle mile. (See 886.110-94 for determination.)

D, = The measured driving distance from the cold &i®DS, in miles.
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Dn__ = The measured driving distance from the hot §18DS, in miles.

5.6.2 Subparagraph (b). [No change.]

5.6.3 Equivalent All-Electric Range shall be calculated in accordance with
section F.11 of these test procedures.

6. Highway Test Provisions for Off-Vehicle Charge @pable Hybrid Electric
Vehicles.

The third HFEDS of the Highway Charge SustainingtBhall be used to calculate
highway NOx emissions and must be within the SQteron in section F.10. As an option, the
Highway Charge Sustaining Test may be performeHd io HFEDS provided that the second
HFEDS meets the SOC criterion in section F.10this case, the second HFEDS shall be used
to calculate emissions.

Vehicles with more than one mode of operation fgiven charge depleting or charge
sustaining test cycle must be tested in the modd{gh represents maximum operation of the
auxiliary power unit. Confirmatory testing mayalse performed in any mode of operation to
ensure compliance with emission standards.

6.1 Vehicle Preconditioning.

If the Highway Charge Depleting Range Test is genfd within 36 hours after
completion of either the Urban Charge Depletingd@ahest or the Urban Charge Sustaining
Range Test, no preconditioning is necessary. elHlyghway Charge Depleting Range Test is
performed more than 36 hours after completion thieeithe Urban Charge Depleting Range Test
or the Urban Charge Sustaining Range Test, the faetower shall precondition the vehicle
pursuant to section F.5.1 of these test proceduigsut loading the evaporative canister.

6.2 Highway Dynamometer Procedure for Off-Vehicle Garge Capable Hybrid
Electric Vehicles.

To be conducted pursuant to 40 CFR 8600.111-08dmeer 27, 2006] with the
following revisions. This section F.6.2 shall apply during both chaastaining and
charge depleting operation.

6.2.1 Subparagraph (a). [n/a]

6.2.2 Amend subparagraph (b) as follows:

6.2.2.1Amend subparagraph (b)(2): The highway fuel econtest is designated
to simulate non-metropolitan driving with an averapeed of 48.6 mph and a maximum
speed of 60 mph. The cycle is 10.2 miles long Withstop per mile and consists of
warmed-up vehicle operation on a chassis dynamartietaigh a specified driving

F-9
Date of Release: December 5, 2008; 45-day Notice version
Date of Hearing: January 22-23, 2009



cycle. A proportional part of the diluted exhaestission is collected continuously for
subsequent analysis of THC, CO, £@&nd NQ using a constant volume (variable
dilution) sampler. Diesel dilute exhaust is contasly analyzed for hydrocarbons using
a heated sample line and analyzer. Alcohol anudtntehyde samples are collected and
individually analyzed for alcohol-fueled vehicles.

6.2.2.2 Replace subparagraph (b)(6) with: Colds®he vehicle shall be stored
at an ambient temperature not less thdiFf §80°C) and not more than &6 (30°C) for 12
to 36 hours. At the end of the cold soak peribd,wehicle shall be placed, either driven
or pushed onto a dynamometer.

6.2.2.3 Amend subparagraph (b)(7)(ifhe Highway Charge Sustaining Emission
Test is conducted cold, and after charge sustamegation has been reached, or an
optional charge sustaining test mode has beenasetivand no subsequent charge has
been performed.

Three HFEDSSs, separated by a 15 second key-orohbktperiod, shall be performed.

The vehicle must meet the SOC criterion in sedid® for the third HFEDS. If the

SOC criterion is not satisfied, the test shall fopged, and sections F.6.2.2.2 and this
section F.6.2.2.3 shall be repeated. As an optwam HFEDSs may be performed in lieu
of three HFEDSs if the SOC criterion is satisfiedthe second HFEDS. Emissions shall
be measured for all HFEDSSs.

6.2.2.4 Amend subparagraph (b)(7)(iii): One exhaample and one background
sample per each HFEDS shall be collected and aawhlfyr THC (except diesel
hydrocarbons which are analyzed continuously), CO,, and NQ. Alcohol and
formaldehyde samples (exhaust and dilution aircatected and analyzed for
alcohol-fueled vehicles.

6.2.2.5 Add subparagraph (b)(7)(v): For vehicled tlo not allow manual
activation of the auxiliary power unit, batterytstof-charge shall be set at a level that
causes the vehicle to operate the auxiliary powdrfar the maximum possible
cumulative amount of time during the HFEDS prectiading cycle. For vehicles that
allow manual activation of the auxiliary power ytoattery state-of-charge shall be set at
the lowest level allowed by the manufacturer.

6.2.2.6 Amend subparagraph (b)(9)(v): Operatevéticle over the continuous
highway test schedule, consisting of repeated HFEEARXSording to the dynamometer
driving schedule specified §600.109-08(b) [December 27, 2006]. If the auxilipower
unit is capable of being manually activated, thelary power unit shall be manually
activated at the beginning of and operated througtice HFEDS preconditioning cycle.

6.2.2.7 Amend subparagraph (b)(9)(vi): When tHaicle reaches zero speed
between each HFEDS, the driver has 17 second€par for the HFEDS emission
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measurement cycle of the test. During the idléopleione of the following conditions
shall apply:

(a) For vehicles that do not allow the auxiliaryyso unit to be
manually activated, the vehicle shall remain turapdiuring the idle period.

(b) For venhicles that allow the auxiliary power thioi be manually
activated, the vehicle shall remain turned on whi auxiliary power unit
operating during the idle period.

6.2.2.8 Add subparagraph (b)(9)(viii): At the clusion of the HFEDS emission
test, the following conditions shall apply: Fohides that do not allow the auxiliary
power unit to be manually activated and are chatgtaining over the HFEDS, record
the battery state-of-charge to determine if the $@€rion in section F.10 is satisfied. If
the SOC criterion is not satisfied, then repeatadyometer test run from subparagraph
(h)(6). Up to two highway emission tests shalbbewed to satisfy the SOC criterion.

6.2.2.9 Delete subparagraph (b)(10).

6.2.3 Delete subparagraphs (c) through (e).

6.3 Determination of Highway All-Electric Range andHighway Equivalent All-
Electric Range for Off-Vehicle Charge Capable Hybrd Electric Vehicles.

6.3.1 TheHighway All-Electric Range shall be defined as the distance that the verscle
driven from the start of test until the internahdoustion engine starts.

6.3.2 Cold soak and vehicle charging The vehicle shall be stored at an ambient
temperature not less than°6820°C) and not more than 86 (30°C) for 12 to 36 hours. During
this time, the vehicle’s battery shall be charged full state-of-charge. Charge time shall not
exceed soak time.

6.3.3 Highway Charge Depleting Range TestAt the end of the cold soak period, the
vehicle shall be placed or pushed, onto a dynanemaeid operated through the Continuous
Highway Test Schedule until the State—of-Charge@t&inge Tolerances (specified in section
F.10 of these test procedures) that indicate cheugiining operation is met for one HFEDS.
The Alternative Continuous Highway Test Schedulg masubstituted for the Continuous
Highway Test Schedule if the test facility is uretn perform the Continuous Highway Test
Schedule. Refer to sections F.6.3.4, and F.1Xkdlmulations of highway exhaust emissions and
equivalent all-electric range, respectively.

If the enerqy required to charge the vehicle fraghtvay charge sustaining operation to full
charge is not equivalent (within + 1% of the AC & to the energy required to charge the
vehicle from urban charge sustaining operatiomuiocharge, repeat subparagraphs F.6.2.2 and
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F.6.2.3. Battery charging in F.6.3.2 shall by begithin one hour of the end of the Highway
Charge Depleting Range Test.

6.3.4 Highway Charge Sustaining Emission Test.The Highway Charge Sustaining
Emission Test is conducted cold, and after chang&asing operation has been reached, or an
optional charge sustaining test mode has beenagéetivand no subsequent charge has been

performed:

(i) Cold soak The vehicle shall be stored at an ambient teniperanot less than
68°F (20°C) and not more than &6 (30°C) for 12 to 36 hours.

(i) At the end of the cold soak period, the védishall be placed or pushed onto
a dynamometer. Three HFEDSSs, separated by a bhdé&ey-on hot soak period, shall
be performed. The vehicle must meet the SOC miten section F.10 for the third
HFEDS. If the SOC criterion is not satisfied, thst shall be stopped, and sections
F.6.3.2, F.6.3.3, and this section F.6.3.4 shaiEpeated. As an option, two HFEDSs
may be performed in lieu of three HFEDSS if the S&irion is satisfied for the second
HFEDS. Emissions shall be measured for all HFEDSs.

6.3.5 Equivalent All-Electric Range shall be calculated in accordance with section
F.11 of these test procedures.

7. SFETP Emission Test Provisions for Off-Vehicle Cirge Capable Hybrid
Electric Vehicles.

Hybrid electric vehicles with more than one modepération for a given charge
depleting or charge sustaining test cycle museb®tl in the mode(s) which represents
maximum operation of the auxiliary power unit. @onatory testing may also be performed in
any mode of operation to ensure compliance withssioin standards.

7.1 US06 Vehicle Preconditioning.

To be conducted pursuant to 40 CFR 886.132-00 fectd2, 1996] with the
following revisions. This section 7.1 shall apgdlyring charge sustaining operation or at
an optional charge sustaining test mode that hais &etivated, if no subsequent charge
has been performed.

7.1.1 Subparagraphs (a) through (m). [No change.]

7.1.2 Amend subparagraph @aressive Driving Test (US06) Preconditioning.
as follows:

7.1.2.1 Amend subparagraph (1) as follows: Ifl806 test follows the
exhaust emission urban, highway, or evaporatiiintgeshe refueling step may be
deleted and the vehicle may be preconditioned usiaduel remaining in the tank
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(see paragraph (c)(2)(ii) of this section). Thst teehicle may be pushed or driven
onto the test dynamometer. For vehicles that attmual activation of the
auxiliary power unit, battery state-of-charge shallset at the lowest level
allowed by the manufacturer. The auxiliary poweit ghall be manually

activated at the beginning of and operated througtiee US06 preconditioning

cycle.

7.1.2.1.1 Delete subparagraphs (i) and (ii).

7.1.2.1.2 Subparagraphs (iii) through (iv). [N@agbe.]

7.1.2.2 Subparagraph (2). [No change.]

7.1.3 Subparagraph (0). [No change.]

7.2 US06 Emission Test.

To be conducted pursuant to 40 CFR 886.15E@ember 27, 2006fith the
following revisions. This section 7.2 shall apglyring charge sustaining operation or at
an optional charge sustaining test mode that hais &etivated, if no subsequent charge
has been performed.

7.2.1 Amend subparagraph (@verview. The dynamometer operation consists
of a single, 600 second test on the US06 drivitgdale, as described in appendix I,
paragraph (g), of this part. The vehicle is prelitoned in accordance with §86.132-00,
to bring it to a warmed-up stabilized conditionhig preconditioning is followed by a 1
to 2 minute idle period that proceeds directly itite US06 driving schedule during
which continuous proportional samples of gaseoussams are collected for analysis. |If
engine stalling should occur during testing, follthe provisions of 886.136-90 (engine
starting and restarting). For vehicles with Otyole auxiliary power units, the composite
samples collected in bags are analyzed for THC,@®), CH, and NQ. For vehicles
with diesel-cycle auxiliary power units, THC is galed and analyzed continuously
according to the provisions of 886.110. Paralsel bamples of dilution air are analyzed
for THC, CO, CQ, CH, and NQ. The second USO06 (the cycle after preconditioning
shall be used to calculate emissions and shallitervihe state-of-charge net tolerances
as calculated in section F.10.

7.2.2 Amend subparagraph (b) as follows.

7.2.2.1 Amend subparagraph (b)(2): Position teeuehicle on the
dynamometer and restrain.

7.2.3 Subparagraph (c). [No change.]
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7.2.4 Amend subparagraph (d): Practice runs dneeptescribed driving
schedule may be performed at test point to peramiding system adjustment.

7.2.5 Subparagraph (e). [No change.]

7.2.6 _Amend subparagraph (f) as follows.

7.2.6.1 Amend subparagraph (f)(2)(i): Immediatdter completion of
the US06 preconditioning cycle, idle the vehicléhe idle period is not to be less
than one minute or not greater than two minutestifg the idle period, one of
the following conditions shall apply:

(i) For vehicles that do not allow the auxiliaryyer unit to be
manually activated and are charge-sustaining deetiS06, the vehicle shall
remain on during the idle period. The batteryestatcharge shall be recorded
after the vehicle has started idle.

(i)  For vehicles that allow the auxiliary powamiuto be manually
activated, the vehicle shall remain turned on wh#h auxiliary power unit
operating during the idle period.

7.2.6.2 Amend subparagraph (f)(2)(ix): For velsdleat do not allow
manual activation of the auxiliary power unit amd eharge-sustaining over the
US06, determine if the SOC criterion in sectionOFslsatisfied at the end of the
US06 emission test. If the SOC criterion is nais§ad, then repeat
dynamometer test run from subparagraph (f)(2)dp. to two US06 emission tests
shall be allowed to satisfy the SOC criterion.

7.3 SCO03 Vehicle Preconditioning.

To be conducted pursuant to 40 CFR 886.132-00 fectd2, 1996] with the
following revisions. This section 7.3 shall apgdlyring charge sustaining operation or at
an optional charge sustaining test mode that hais &etivated, if no subsequent charge
has been performed.

7.3.1 Subparagraphs (a) through (n). [No change.]

7.3.2 Amend subparagraph (ddir Conditioning Test (SC03) Preconditioning.

7.3.2.1 Amend subparagraph (1) as follows: [f$k03 test follows the
exhaust emission urban, highway, or evaporatiintpshe refueling step may be
deleted and the vehicle may be preconditioned usi@duel remaining in the tank
(see paragraph (c)(2)(ii) of this section). Ths teehicle may be pushed or driven
onto the test dynamometer. For vehicles that attemual activation of the
auxiliary power unit, battery state-of-charge shallset at the lowest level
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allowed by the manufacturer. The auxiliary poweit ghall be manually
activated at the beginning of and operated througtiee SC03 preconditioning

cycle.

7.3.2.1.1 Delete subparagraphs (i) and (ii).

7.3.2.2 Subparagraphs (2) through (3). [No chdnge

7.4 SCO03 Emission Test.

To be conducted pursuant to 40 CFR 886.160-00 [Dbee 8, 2005{vith the
following revisions. This section 7.4 shall apgdlyring charge sustaining operation or at
an optional charge sustaining test mode that hais &etivated, if no subsequent charge
has been performed. References to 886.162-03rakalh 886.162-03 as adopted
October 22, 1996.

7.4.1  Amend subparagraph (@verview. The dynamometer operation
consists of a single, 594 second test on the S@0B@ schedule, as described in
appendix |, paragraph (h), of this part. The viehis preconditioned in accordance with
886.132-00 of this subpart, to bring the vehicla twarmed-up stabilized condition. This
preconditioning is followed by a 10 minute vehisteak (vehicle turned off) that proceeds
directly into the SC03 driving schedule, during @hcontinuous proportional samples of
gaseous emissions are collected for analysis. emhee test, including the SC03
preconditioning cycle, vehicle soak, and SC03 eimistest, is either conducted in an
environmental test facility or under test condiidhat simulate testing in an
environmental test cell (see 886.162-03 (a) foisaubsion of simulation procedure
approvals). The environmental test facility mustcapable of providing the following
nominal ambient test conditions of:°@5air temperature, 100 grains of water/pound of
dry air (approximately 40 percent relative humiglity solar heat load intensity of 850
W/m?, and vehicle cooling air flow proportional to velei speed. Section 86.161-00
discusses the minimum facility requirements andesmonding control tolerances for air
conditioning ambient test conditions. The vehglair conditioner is operated or
appropriately simulated for the duration of theé ecedure (except for the 10 minute
vehicle soak), including the preconditioning. tiggne stalling should occur during
testing, follow the provisions of 886.136-90 (er@starting and restarting). For vehicles
with Otto-cycle auxiliary power units, the compessamples collected in bags are
analyzed for THC, CO, COCH, and NQ. For vehicles with diesel-cycle auxiliary
power units, THC is sampled and analyzed continyacording to the provisions of
886.110. Parallel bag samples of dilution airaaralyzed for THC, CO, COCH, and
NO,. The second SCO03 (the cycle after preconditionsh@ll be used to calculate
emissions and shall be within the state-of-charejdaierances as calculated in section
F.10.

7.4.2 Amend subparagraph (b) as follows.
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7.4.2.1 Amend subparagraph (b)(2): Position teeuehicle on the
dynamometer and restrain.

7.4.3 Amend subparagraph (c) as follows.

7.4.3.1 Amend subparagraph (c)(8): Add the folluyvi Immediately
after completion of the SC03 preconditioning cyake the vehicle. The idle
period shall not be less than one minute and regtgr than two minutes. During
the idle period, one of the following conditionsailapply:

(i) For vehicles that do not allow the auxiliaryyper unit to be
manually activated and are charge-sustaining dcve6L03, the vehicle shall
remain on during the idle period. The batteryestatcharge shall be recorded
after the vehicle has started idle.

(i)  For vehicles that allow the auxiliary powatiuto be manually
activated, the vehicle shall remain turned on wh#h auxiliary power unit
operating during the idle period.

7.4.3.2 Amend subparagraph (c)(9): Start vehieléh(air conditioning
system also running). If the auxiliary power usfithe vehicle is capable of being
manually activated, the auxiliary power unit shlmanually activated at the
beqinning of and operated throughout the SC03 eépmd¢est. Fifteen seconds
after the vehicle starts, begin the initial vehiateeleration of the driving
schedule.

7.4.4 Amend subparagraph (d) as follows.

7.4.4.1 Amend subparagraph (d)(10): For vehidias do not allow the
auxiliary power unit to be manually activated angl éharge-sustaining over the
SC03, determine if the SOC criterion in sectiorDRslsatisfied at the end of the
SCO03 emission test. If the SOC criterion is ndisfiad, then turn off cooling
fan(s), allow vehicle to soak in the ambient candi of paragraph (c)(5) of this
section for 10 minutes, and repeat dynamometerduastom subparagraph (d).
A total of two SC03 emission tests shall be attempbd satisfy the SOC criterion.

7.4.5 Subparagraph (e). [No change.]

7.5 Optional Cold Start US06 Range Test.

7.5.1 Cold soak and vehicle charging.The vehicle shall be stored at an
ambient temperature not less thaAfe@J3C) and not more than &6 (30°C) for 12 to 36
hours. During this time, the vehicle battery shallcharged to a full state-of-charge. The
vehicle must be turned off during charging. Changpe shall not exceed soak time.
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7.5.2 At the end of the cold soak period, the Velstall be placed or pushed
onto a dynamometer, and shall be driven on a cootis US06 test cycle until either:

(@) the auxiliary power unit starts, or

(b) the vehicle can no longer meet the speed tracésliohithe US06
driving schedule as specified in CFR 86 AppendixWwithin 2 mph higher than
the highest point on the trace within 1 secondherupper limit or within 2 mph
higher than the lowest point on the trace withgetond for the lower limit.

The instant either of these conditions are metdheshall be ended. The range for this
test, in miles, shall be the distant driven frora $itart of the test to when condition (a) or
(b) is met. Emission sampling is not requiredtfos test.

8. 50F and 20F Test Provision for Off-Vehicle Charge Capable Hybid Electric
Vehicles.

8.1 To satisfy test requirements for théBemission test, the vehicle shall be tested
in the worst case (NMHC + NOXx) of the urban chagstaining range test or urban charge
sustaining test as defined in section F.5. TeBatest requirements for the 0emission test,
the vehicle shall be tested in the worst case (@@)e urban charge sustaining range test or
urban charge sustaining test as defined in seEt®n For the 2F and 56F emission tests, the
vehicle is not required to meet SOC net tolerances.

8.2 If the worst case for emissions is charge suatpoperation, the vehicle shall be
preconditioned according to section F.5.1. Theeehao emission test options.

(i) A three phase test that includes phase onkeafirst 505 seconds of the
UDDS, phase two as 506 seconds to the end of tHeS)@a 10 minute key-off soak
period, and phase three the first 505 secondsedfiPDS. The first two phases test shall
be counted as the first UDDS and the second andi phiases will constitute the second
UDDS. Emission weighting is as follows:

+ +
o Dl + D2 D2 + D3

Where:
Yuwm = Weighted mass emissions of each pollutant,TildC, CO, THCE,
NMOG, NMHCE, CH, NG, or CQ, in grams per vehicle mile.

Y= Mass emissions as calculated from phase orteedhtee phase
test.

Y, = Mass emissions as calculated from phase tweothiree phase
test.

Y3 = Mass emissions as calculated from phase thréeedhree phase
test.
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D; = The measured driving distance from phase otleeothree phase
tests, in miles.

D, = The measured driving distance from phase twib®three phase
tests, in miles.

Ds = The measured driving distance from phase thirgéieeahree phase

tests, in miles.

(ii) A two phase test that includes phase one@PBS, a 10 minute key-off soak
period, and phase two as a UDDS. Emission weigtitinthe four phase test will follow
the procedure outlined in section F.5.5.1.

8.3 If measurement of worst case emissions reqtheegrban charge depleting range
test to be performed, the vehicle shall be predmrdid according to section F.5.1 and fully
charged. The continuous urban test schedule thigallbe performed. The UDDS, in which the
auxiliary power unit first starts, shall be thed&t/DDS. Emissions shall be sampled according
to one of the options in section F.8.2. For thedlphase test option, if the auxiliary power unit
starts in phase two of the UDDS, phase one emissimnconsidered zero for emission
calculation purposes. Emissions are weighted doogito section F.8.2.

9. Additional Provisions.

9.1 Confirmatory testing may be performed on atgdo establish if higher
emissions occur at different states-of-charge argh depleting mode. This is to ensure that
cold start and other emissions standards are mweeeed at other operating SOCs.

9.2 Confirmatory testing may be performed on th@®&&st or the manufacturer may
provide data to show that potential cold startayifle emissions are controlled to the extent that
they are controlled for the UDDS.

9.3 Confirmatory testing may be performed on vas@dquipped with an optional
charge sustaining operation mode selector witlcg®lset to simulate charge sustaining
operation or in actual charge sustaining operati@accordance with section F of these test

procedures.

9.4 A period of up to three hours may be usedit@ir charge on the vehicle after
either the urban or highway charge depleting rdages are completed.

9.5 Highway NOx emissions may be determined froedHREDS in the Highway
Charge Depleting Range Test that demonstrates €lsaiaining operation.

9.6 If data can be provided to show that the AQ@neequired to fully charge the
vehicle following the urban charge depleting rategt is greater than the AC energy required to
recharge the vehicle after the highway charge ¢iepleange test, then the measured AC energy
required to recharge the vehicle following the urbharge depleting range test may be used to
calculate the Highway Equivalent All-Electric Rarfgeergy Consumption, in section F.11.7.
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9.7 For an example of an off-vehicle charge caphipbgid electric vehicle with all-
electric range and blended operation that has eldepgleting actual range and charge depleting
cycle range, please see section H, Figure 1.

9.8 For an example of charge depleting to charg@asung range with and without
transitional range and end of test conditions, ggesee section H, Figure 2.

10. State-of-Charge Net Change Tolerances.

10.1  For vehicles that use a battery as an entoepoe device, the following state-of-
charge net change tolerance shall apply:

0K,

system

NHVfueI ljmfuel
(Amp-hfina)max = (AMp-hnitia) + 0.01 0]

(Amp-hrmlm_m = (Amp-hkyita) - 0.01 D(

0K,

NHVfud |]mfuel J
system

Where:

(Amp-hfina)max = Maximum allowed Amp-hr stored in battery at érel of
the test

(Amp-hfina)min_=____Minimum allowed Amp-hr stored in battery at #red of
the test

(Amp-htitia) = Battery Amp-hr stored at the beginning of thstt

NHV fel = Net heating value of consumable fuel, in Joutgs/

Miyel = Total mass of fuel consumed during test, in kg

K1 = Conversion factor, 3600 seconds/hour

Vsystem = Average charge sustaining battery DC bus volftagen
circuit) during charge sustaining operation. TNague
shall be submitted for testing purposes, and il flea
subject to confirmation by the Air Resources Board.

An alternate state-of-charge net tolerance maysked if shown to be technically necessary and if
approved in advance by the Executive Officer ofAlreResources Board.

10.2  For vehicles that use a capacitor as an estogyge device, the following state-
of-charge net change tolerance shall apply:

i \

(2 |:|NHVfueI ljrnfuel )

-(MM)-m—aXi\/Vir?itial + OO:'-D
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i \

(2 |:|NHVfueI |:|rnfuel )

Minamin = \/Vi,fmaj - 0010

Where:

(Vina)max_= The stored capacitor voltage allowed at theddritle test

(Vina)min__= The stored capacitor voltage allowed at theddritle test

V2o = The square of the capacitor voltage storedeabéninning of the
test

NHVie = Net heating value of consumable fuel, in Joubes/

Miyel = Total mass of fuel consumed during test, in kg

C = Rated capacitance of the capacitor, in Farads

10.3 For vehicles that use an electro-mechanigahiel as an energy storage device,
the following state-of-charge net change tolerasicd! apply:

i \

(2 |:|NH\/fueI |:|mfuel )
| 0K,

.(ﬂm‘final @Xi\/rpmiima] + OOlD

Vi \

(2 |]NHVfud |]rnfud )

(rpMeina))min = \/ rpm?,, — 0010

| OK,

Where:

(rpMeina)max___ = The maximum flywheel rotational speed allowethatend of
the test

(rPM¥ina)min___=__The minimum flywheel rotational speed allowedret end of
the test

rpm?’., = The squared flywheel rotational speed at thenngmg of the
test

NHV fel = Net heating value of consumable fuel, in Joutgs/

Miyel = Total mass of fuel consumed during test, in kg

, arr*
Ks = Conversion factor;

B 3600sec - rpm?

= Rated moment of inertia of the flywheel, in k-
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11. Calculations — Equivalent All-Electric Range fo Off-Vehicle Charge Capable
Hybrid Electric Vehicles.

11.1 Charge Depleting G®Produced means the cumulative tailpipe, @@issions
produced, M, in grams per mile during the charge depletindecyange.

Mca =2 Y
where:
Y;_= The sum of the COgrams per mile in the charge depleting mode from

each test cycle (UDDS or HFEDS)
i = Number (UDDS or HFEDS) of the test over thergeadepleting cycle

range, Ric

11.2 Charge Sustaining G®roduced - urban means the cumulative tailpipe CO
emissions produced, Min grams per mile, during the cold start chamugaining urban test.

MC_SEYC +Yh D{(Rcdcu B Dc):|

DC
where:
Reacw = Urban Charge Depleting Cycle Range, in miles
De = The measured driving distance from the cold §1&DS, in miles
Y = Grams per mile C&emissions as calculated from the cold start UDDS
Yn = Grams per mile C&emissions as calculated from the hot start UDDS

11.3 Charge Sustaining G®roduced - highway means the grams per mile palpi
CO, emissions produced, M during the cold start charge sustaining highvesy. t

_ [ R
M= oy,
where:
Reach = Highway Charge Depleting Cycle Range, in miles
Dn = The measured driving distance from the hot $i&EDS, in miles
Yh = Grams per mile emissions as calculated fronhtiestart HFEDS

11.4 Urban Equivalent All-Electric Range (EABRhall be calculated as follows:

Mcs_Mod

iRHi ( j O Ichcu

cs

F-21
Date of Release: December 5, 2008; 45-day Notice version
Date of Hearing: January 22-23, 2009



where:
M¢sand Mg are the sum of the grams per mile of tailpipe; @@issions accumulated
over the urban charge depleting cycle rangg.,&ni).

11.5 Highway Equivalent All-Electric Range (EARRhall be calculated as follows:

S_Mod

%{MCM :|DRcdch

cs

where:
M¢sand My are the grams per mile of G@missions accumulated over the
highway charge depleting cycle ranggsJR(mi).

Mg =X
Yi = The sum of the COyrams per mile in the charge depleting mode from

each test cycle (UDDS or HFEDS)
i = Number HFEDS tests in charge depleting openatio

Mcs_{ R ] o,
S

Yn, and B are the C@Qgrams per mile and distance traveled, respectiten
the final charge sustaining (hot) test HFEDS (eithe third or the second HFEDS, per
section F.6.2.2.3).

11.6 Electric Range Fraction (%).

The Electric Range Fraction means fraction of tteltmiles driven electrically
(with the engine off) for blended operation hybeldctric vehicles.

The Urban Electric Range Fraction (ERES calculated as follows:

EAER,

ERF, (%) = ( j (100

a

The Highway Electric Range Fraction (ERFIs calculated as follows:

EAER,

ERF, (%) = [ ] 100

ah
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11.7 Equivalent All-Electric Range Energy Consurmipti

The Urban Equivalent All-Electric Range Energy Qangtion (EAEREG) shall
be calculated as follows:

EAEREG, (wh/mi) = — —
EAER,

where:
E.«q = Total DC or AC electrical energy used to fulhacge the vehicle battery
from an external power source after the chargeeti@pl test has been completed

The Highway Equivalent All-Electric Range EnergynSamption (EAEREQ)
shall be calculated as follows:

EAEREG, (wh/mi) = — -
EAER,

where:
E.«q = Total DC or AC electrical energy used to fulhacge the vehicle battery
from an external power source after the chargesti@pl test has been completed

11.8 The Urban Charge Depleting Cycle Rangg.,,Rsee section H for an illustration
of Reqcy) Shall be defined as the distance traveled otthan Charge Depleting Procedure up to
the UDDS prior to where the state-of-charge is ahttve lower bound state-of-charge tolerance
for one test cycle given by:

NHVfuel |:rnfuel
(AMP-hffina)min = (AMP-hinitia)) — 0.01 *| ————————
system LKy

Where:
(Amp-hfina)min = Minimum allowed Amp-hr stored in battery at thedeof the test
(Amp-hripitial) = Battery Amp-hr stored at the beginning of tbstt
NHV el = Net heating value of consumable fuel, in Jdutps
Miyel = Total mass of fuel consumed during test, in kg
Ky = Conversion factor, 3600 seconds/hour

Vsystem = Average charge sustaining battery DC bus vel{agen circuit)
during charge sustaining operation. This valudl figasubmitted
for testing purposes, and it shall be subject tfiomation by the
Air Resources Board.
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11.9 The Charge Depleting Actual Ranggs,Fshall be defined as the range at which
the state-of-charge is first equal to the aversage-f-charge of the one or two UDDSs used to
end the Urban Charge Depleting Test. This rangst imel accurate to the nearest 0.1 miles. For
an illustration of Ry, See section H.

11.10 The Charge Depleting to Charge Sustainin@gBange shall be defined as the
distance driven in miles from the start of the Url@harge Depleting Test through the UDDS
preceding the one or two UDDSs used to end theru@yarge Depleting Test.

11.11 The Highway Charge Depleting Cycle Rangg.n,Fshall be defined as the sum of
the distance traveled on the Highway Charge Demplefest up to the HFEDS prior to where the
state-of-charge is above the lower bound statdiafge tolerance for one test cycle given by:

NHVfueI |:"Tlfuel
(Amp-hfina)min = (AmMp-hknitia) — 0.01 *| —————

Vysem UKy
Where:
(Amp-hfina)min___ = Minimum allowed Amp-hr stored in battery at #&d of the test
(Amp-htiitial) = Battery Amp-hr stored at the beginning of thstt
NHV fel = Net heating value of consumable fuel, in Joulgs/
Miyel = Total mass of fuel consumed during test, in kg
K1 = _Conversion factor, 3600 seconds/hour
Vsystem = Average charge sustaining battery DC bus volftagen circuit)

during charge sustaining operation. This valudl &flsasubmitted
for testing purposes, and it shall be subject tdiomation by the
Air Resources Board.

11.12 The Charge Depleting to Charge Sustainindnéy Range shall be defined as
the distance driven in miles from the start of khghway Charge Depleting Test through the
HFEDS preceding the final HFEDS.
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G. Off-Vehicle Charge Capable Hybrid Electric Vehide Emission Test
Seguence.

[This page left intentionally blank for formattipurposes.]

[ The diagram on the next pageis proposed for addition.]
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Proposed Off-Vehicle Charge Capable HEV Exhaust

Emissions Test Sequence

A 4

Start

Cold Soak 12-36 hrs

v

'

Fuel & Drain Urban Charge Sustaining Emission Test

v

v

Cold Soak 6 hr

Fuel & Drain

v

v

Vehicle Preconditioning

12 -36 Hour Cold Soak/Charge —

For (1) CS UDDS minimum

v

v HWY Charge Depleting Range Test
Fuel & Drain v
¢ Is CS Ecq Equivalent* to Urban
12-36 Hour Cold Soak/Charge, Canister (2:’8 E%?}%fa;%% %;%%rgr%lg;?g
Preconditioning Y N

A 4

A 4

Urban Charge

Depleting Range Test Cold Soak 12-36 hrs

A 4

HWY Cold Start CS
Emission Test

v

US-06 CS Emission Test

SC-03 CS Emission Test
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H. Examples of Off-Vehicle Charge Capable Hybrid Ebctric Vehicle Terminoloqy.

[This page left intentionally blank for formattipuirposes.]

[Figures 1 and 2 below are proposed for addition.]
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Example of an Off-Vehicle Charge Capable HEV with
AER and Blended Operation
Undergoing the Urban Charge Depleting Range Test

Charge Depleting

<«—  Cycle Range, —» <«—— End of Test
Rege = 22.5 mi
_ +1% Fuel Energy Used
« Charge Depleting __)| «— Charge __ for Upper Boundary (Cycles 4-5)
Actual Range, Sustaining

Reda = 18 mi Operation Avg SOC for CS Operation

SOC Engine (Cycles 4-5)
Start
| \ 4
9-5—/’*—‘:\&-—-’\;’1——-#——*——— -
UDDS 1 52| ubbps3| ubbsal  uUDDs b T !
_ -1% Fuel
—»AER = 10 mije— Energy Used for
Lower Boundary (Cycles «5)
—» EAER =13.7mi [<—

Figure 1
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SOC

SOC

Example of Urban End of Test Conditions for Off-Vehicle Charge Capable HEV

with Transitional Range

< Charge Depleting to Charge | ghgtrgi?\in
Sustaining Range u ng
Transitional Operation
« Charge Depleting —Ranae  |¢—
Cycle Range +1% Fuel Energy Used
for Upper Boundary
(Cycle 6-7)

<+— Charge Depleting to Charge—» <«—— End of Test
Sustaining Range +1% Fuel Energy Used for
] Upper Boundary (Cycles 5-6)
«—  Charge Depleting —»<— ghatrg'e. —>
ustaining
Cycle Range Operation -1% Fuel Energy Used
for Lower Boundary
(Cycles 5-6)
DU A 4 ¢
\(\{\ yY
Cycle 1| Cycle 2 Cycle 3| Cycle 4 Cycle % Cycle 6 T

Example of Urban End of Test Conditions for Off-Vehicle Charge Capable HEV

<«— End of Test

»+1% Fuel Energy Used for
Rcqc Determination (Cycle 5)

-1% Fuel Energy Used
Lower Boundary Used
for Rcqc Determination
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PR (Cycle 5)
+
Cycle 1f Cycle 2 Cycle 3| Cycle 4 Cycle % Cycle 6 Cyclel 7 -1% Fuel Energy
Used for Lower
Fig ure 2 Boundary (Cycle 6-7)
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El.  Test Procedures for 2009 and 2010 Model Zero-Ensi®n Vehicles and
Hybrid-Electric Vehicles.

The “as adopted or amended dates” of the 40 CFR8Bargulations referenced by this
document are the dates identified in the “CalifarBkhaust Emission Standards and Test
Procedures for 2001 and Subsequent Model Pass€aggrLight-Duty Trucks and Medium-

Duty Vehicles: incorporated-by-reference-in-section-1961(de th3,-CCR.

1. Electric Dynamometer. All ZEVs must be tested using a 48-inch single roll
electric dynamometer meeting the requirements c€BR Subpart B, §86.108-00(b)(2).

2. Vehicle and Battery Break-In Period. A manufacturer shall use good
engineering judgment in determining the properibtaid emissions mileage test point and
report same according to the requirements of se@i@.11 above.

3. All-Electric Range Test. All 2602 2009and subsequent ZEVs and only off-
vehicle charge capable hybrid electric vehicledl ffeasubject to the All-Electric Range Test
specified below for the purpose of determiningehergy efficiency and operating range of a
ZEV or of an off-vehicle charge capable hybrid &iecsehicle operating without the use of its
auxiliary power unit. For hybrid electric vehicléee manufacturer may elect to conduct the
All-Electric Range Test prior to vehicle preconaliting in the exhaust and evaporative emission
test sequence specified in the “California EvapeeaEmission Standards and Test Procedures

for 2001 and Subsequent Model Motor Vehicles™asiporated-by referer-in-section-1976,
Ftle 13- CCR

3.1 Cold soak The vehicle shall be stored at an ambient teatpex not less than
68°F (20°C) and not more than 86 (30°C) for 12 to 36 hours. During this time, the védie
battery shall be charged to a full state-of-charge.

3.2 Driving schedule.

3.2.1 Determination of Urban All-Electric Range-Urban.

(a) Atthe end of the cold soak period, the vehstiall be placed, either driven or
pushed, onto a dynamometer and operated througlessice Urban Dynamometer Driving
Schedules (UDDS), 40 CFR, Part 86, Appendix |, Whscincorporated herein by reference. A
10-minute soak shall follow each UDDS cycle.

(b) For vehicles with a maximum speed greater thragqual to the maximum speed on
the UDDS cycle, this test sequence shall be regeattl the vehicle is no longer able to
maintain either the speed or time tolerances i€BR §886.115-00 (b)(1) and (2), or the
manufacturer determines that the test should Ineitated for safety reasons, e.g. excessively
high battery temperature, abnormally low batterlyage, etc. For off-vehicle charge capable
hybrid electric vehicles, this determination shwedlperformed without the use of the auxiliary
power unit.
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(c) For vehicles with a maximum speed less thamtaximum speed on the UDDS
cycle, the vehicle shall be operated at maximuniasa power (or full throttle) when the
vehicle cannot achieve the speed trace within peed and time tolerances specified in 40 CFR
8§ 86.115-00(b)(1) and (2). The test shall be teat@id when the vehicle speed when operated at
maximum available power (or full throttle) fallsloer 95 percent of the maximum speed initially
achieved on the UDDS cycle or when the battergstéicharge is depleted to the lowest level
allowed by the manufacturer, or the manufacturégrd@nes that the test should be terminated
for safety reasons, e.g. excessively high batemperature, abnormally low battery voltage, etc.,
whichever occurs first. For off-vehicle charge &ale hybrid electric vehicles, this
determination shall be performed without the usthefauxiliary power unit.

3.2.2 Determination of Highway All-Electric Range-Highway-.

(a) Atthe end of the cold soak period, the vehstiall be placed, either driven or
pushed, onto a dynamometer and operated througbuwaessive Highway Fuel Economy
Driving Schedules (HFEDS), 40 CFR, Part 600, Apjpehdvhich is incorporated herein by
reference. There shall be a 15 second zero spigedey on and brake depressed between two
cycles and a 10-minute soak following the two HFE)Ses.

(b) For vehicles with a maximum speed greater tiragqual to the maximum speed on
the HFEDS cycle, this test sequence shall be regeattil the vehicle is no longer able to
maintain either the speed or time tolerances i€BR § 86.115-00 (b)(1) and (2), or the
manufacturer determines that the test should Ineitated for safety reasons, e.g. excessively
high battery temperature, abnormally low batteryage, etc. For off-vehicle charge capable
hybrid electric vehicles, this determination isiopal and shall be performed without the use of
the auxiliary power unit.

(c) For vehicles with a maximum speed less thamthximum speed on the HFEDS
cycle, the vehicle shall be operated at maximuniaa power (or full throttle) when the
vehicle cannot achieve the speed trace withinpeed and time tolerances specified in 40 CFR
8§ 86.115-00(b)(1) and (2). The test shall be teat@id when the vehicle speed when operated at
maximum available power (or full throttle) fallsloer 95 percent of the maximum speed initially
achieved on the HFEDS cycle or when the battetgsthcharge is depleted to the lowest level
allowed by the manufacturer, or the manufacturégrd@nes that the test should be terminated
for safety reasons, e.g. excessively high batemperature, abnormally low battery voltage, etc.,
whichever occurs first. For off-vehicle charge &ale hybrid electric vehicles, this
determination shall be performed without the usthefauxiliary power unit.

(d) NEVs are exempt from the highwaly-electric range-highwatest.

3.2.3Recording requirements. Once the vehicle is no longer able to maintaengpeed
and time requirements specified in (2) above, @eahe auxiliary power unit turns on, in the
case of an off-vehicle charge capable hybrid ategghicle, the vehicle shall be brought to an
immediate stop and the following data recorded:
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(@) mileage accumulated during the All-Electric Bai est;

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

(© AC energy required to fully charge the battaiter the All-Electric Range Test
from the point where electricity is introduced fréhe electric outlet to the battery charger; and

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

Battery charging shall begin within 1 hour aftemeating the All-Electric Range Test.

3.2.4Regenerative braking Regenerative braking systems may be utilizethduhe
range test. The braking level, if adjustable, Idhalset according to the manufacturer’'s
specifications prior to the commencement of the t&se driving schedule speed and time
tolerances specified in (2) shall not be exceedstd the operation of the regenerative braking
system.

4. Determination of Battery Specific Energy for ZE\&.

Determine the specific energy of batteries usqubteer a ZEV in accordance with the
U.S. Advanced Battery Consortium’s Electric VehiBlattery Procedure Manual (January 1996),
Procedure No. 2, “Constant Current Discharge TegeS,” using the C/3 rate. The weight
calculation must reflect a completely functionattbey system as defined in the Appendix of the
Manual, including pack(s), required support andgdis (e.g., thermal management), and
electronic controller.

5. Determination of the Emissions of the Fuel-firedHeater for Vehicles Other
Than ZEVs.

The exhaust emissions result of the fuel-fired dresiall be determined by operating at a
maximum heating capacity with a cold start betw@@¥ and 86F for a period of 20 minutes
and dividing the grams of emissions by 20. Thelteg) grams per minute shall be multiplied
by 3.0 minutes per mile for a grams per mile value.

6. Hybrid Electric Vehicle FTP Emission Test Provisons.

Alternative procedures may be used if shown tadyggjuivalent results and if approved
in advance by the Executive Officer of the Air Res®s Board.

6.1  Vehicle Preconditioning.

To be conducted pursuant to the “California EvapeesEmission Standards and Test

Procedures for 2001 and Subsequent Model Motordlestii-as-incorporated-by-reference-herein

with the following supplemental requirements:
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6.1.1 Battery state-of-charge shall be set prionital fuel drain and fill before vehicle
preconditioning.

6.1.2 For hybrid electric vehicles that do notallmanual activation of the auxiliary
power unit, battery state-of-charge shall be satlavel that causes the hybrid electric vehicle to
operate the auxiliary power unit for the maximunsgble cumulative amount of time during the
preconditioning drive.

6.1.3 For hybrid electric vehicles that allow madmagtivation of the auxiliary power
unit, battery state-of-charge shall be set at allhat satisfies one of the following conditions:

0] If the hybrid electric vehicle is charge-susiag over the UDDS, battery
state-of-charge shall be set at the lowest levelald by the manufacturer.

(i) If the hybrid electric vehicle is charge-defphg over the UDDS, battery
state-of-charge shall be set at the level recomettbgl the manufacturer for
activating the auxiliary power unit when operatingirban driving conditions.

6.1.4 After setting battery state-of-charge, thiertdyelectric vehicle shall be pushed or
towed to a work area for fuel drain and fill acdaglto sections D.1.1. and D.1.2. of the
“California Evaporative Emission Standards and Restedures for 2001 and Subsequent

Model Motor Vehicles™as-incorporated-by-refereheeein

6.1.5 Following fuel drain and fill, the vehicleadhbe pushed or towed into position on
a dynamometer and preconditioned. If the auxil@ower unit is capable of being manually
activated, the auxiliary power unit shall be mahuattivated at the beginning of and operated
throughout the preconditioning drive.

6.1.6 Within five minutes of completing preconditing drive, battery state-of-charge
shall be set at a level that satisfies one of dlewing conditions:

0] If the hybrid electric vehicle does not allonanual activation of the
auxiliary power unit and is charge-sustaining aer UDDS, then set battery
state-of-charge to a level such that the SOC @ritgisee section B., Definitions,
of these procedures) would be satisfied for theadyometer procedure (section
6.2 of these procedures). If off-vehicle chargsgequired to increase battery
state-of-charge for proper setting, off-vehiclergiag shall occur during 12 to 36
hour soak period.

(i) If the hybrid electric vehicle does not allonanual activation of the
auxiliary power unit and is charge-depleting over UDDS, then no battery state-
of-charge adjustment is permissible.
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(i) If the hybrid electric vehicle does allow maal activation of the auxiliary
power unit, then set battery state-of-charge toufeanturer recommended level
for activating the auxiliary power unit when thebhng electric vehicle is
operating in urban driving conditions.

6.2 Dynamometer Procedure
To be conducted pursuant to 40 CFR 8§ 86.135-00 théffollowing revisions:

6.2.1 Amend subparagraph (a): Overview. The dymaater run consists of
two tests, a “cold” start test, after a minimumHdsr and a maximum 36-hour soak
pursuant to the provisions of the “California Evegitve Emission Standards and Test
Procedures for 2001 and Subsequent Model Motordkesii-as-incorporated-by+reference
herein,and a “hot” start test following the “cold” staest by 10 minutes. Vehicle startup
(with all accessories turned off), operation over YDDS and vehicle shutdown make a
complete cold start test. Vehicle startup and ajpan over the UDDS and vehicle
shutdown make a complete hot start test. The estlgmissions are diluted with ambient
air in the dilution tunnel as shown in Figure B94+&l Figure B94-6. A dilution tunnel is
not required for testing vehicles waived from thgquirement to measure particulates.
Four particulate samples are collected on filtersifeighing; the first sample plus
backup is collected during the cold start testlgding shutdown); the second sample
plus backup is collected during the hot start @@siuding shutdown). Continuous
proportional samples of gaseous emissions arectetidor analysis during each test. For
hybrid electric vehicles with gasoline-fueled, matigas-fueled and liquefied petroleum
gas-fueled Otto-cycle auxiliary power units, thenpmsite samples collected in bags are
analyzed for THC, CO, CQCH, and NQ. For hybrid electric vehicles with
petroleum-fueled diesel-cycle auxiliary power urigptional for natural gas-fueled,
liquefied petroleum gas-fueled and methanol-fueliedel-cycle vehicles), THC is
sampled and analyzed continuously pursuant toriindgeons of § 86.110. Parallel
samples of the dilution air are similarly analyzedTHC, CO, CQ, CH, and NQ. For
hybrid electric vehicles with natural gas-fueladuéfied petroleum gas-fueled and
methanol-fueled auxiliary power units, bag samplescollected and analyzed for THC
(if not sampled continuously), CO, GGCH, and NQ. For hybrid electric vehicles with
methanol-fueled auxiliary power units, methanol &mdhaldehyde samples are taken for
both exhaust emissions and dilution air (a singlgidn air formaldehyde sample,
covering the total test period may be collectderallel bag samples of dilution air are
analyzed for THC, CO, COCH, and NQ.

6.2.2 Delete subparagraph (d).

6.2.3 Amend subparagraph (h): The driving distaasemeasured by counting
the number of dynamometer roll or shaft revolutjstsll be determined for the cold
start test and hot start test. The revolutiond bleameasured on the same roll or shaft
used for measuring the vehicle’s speed.
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6.3 Dynamometer Test Run, Gaseous and Particulatentissions
To be conducted pursuant to 40 CFR 8 86.137-96 thélfollowing revisions:

6.3.1 Amend subparagraph (a): General. The dynaster run consists of two
tests, a cold start test, after a minimum 12-howgr @ maximum 36-hour soak pursuant to
the provisions of the “California Evaporative EnnigsStandards and Test Procedures for
2001 and Subsequent Model Motor Vehicles™as-inaeied-by-reference-heremmd a
hot start test following the cold start test byrmiibiutes. The vehicle shall be stored prior
to the emission test in such a manner that pretipit (e.g., rain or dew) does not occur
on the vehicle. The complete dynamometer testistsnsf a cold start drive of 7.5 miles
(12.1 km) and a hot start drive of 7.5 miles (1&1). The vehicle is allowed to stand on
the dynamometer during the 10 minute time peridd/éen the cold and hot start tests.

6.3.2 Amend subparagraph (b)(9): Start the gas fieeasuring device, position
the sample selector valves to direct the sampie ithdo the exhaust sample bag, the
methanol exhaust sample, the formaldehyde exhauosle, the dilution air sample bag,
the methanol dilution air sample and the formaldehgilution air sample (turn on the
petroleum-fueled diesel-cycle THC analyzer systetegrator, mark the recorder chart,
start particulate sample pump No. 1, and recort bas meter or flow measurement
instrument readings, if applicable), and turn thg &n. If the auxiliary power unit is
capable of being manually activated, the auxilwwer unit shall 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 vehidi@ skeconds after the end of
the last deceleration (at 1,369 seconds).

6.3.4 Amend subparagraph (15): Five seconds thigevehicle is shutdown,
simultaneously turn off gas flow measuring deviae M and if applicable, turn off the
hydrocarbon integrator No. 1, mark the hydrocanemorder chart, turn off the No. 1
particulate sample pump and close the valves iaglgiarticulate filter No. 1, and
position the sample selector valves to the “stah@bgition. Record the measured roll
or shaft revolutions (both gas meter or flow measent instrumentation readings), and
reset the counter. As soon as possible, trarfsfegxthaust and dilution air samples to the
analytical system and process the samples purtu&m36.140, obtaining a stabilized
reading of the exhaust bag sample on all analyzeingn 20 minutes of the end of the
sample collection phase of the test. Obtain methamd formaldehyde sample analyses,
if applicable, within 24 hours of the end of thengde period. (If it is not possible to
perform analysis on the methanol and formaldehgdepses within 24 hours, the samples
should be stored in a dark coldC4to 10C) environment until analysis. The samples
should be analyzed within fourteen days.) If aggiie, carefully remove both pairs of
particulate sample filters from their respectivédiecs, and place each in a separate petri
dish, and cover.
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6.3.3 Amend subparagraph (18): Repeat the stgpsragraphs (b)(2) through
(b)(17) of this section for the hot start test.e®tep in paragraph (b)(9) of this section
shall begin between 9 and 11 minutes after theoétite sample period for the cold start
test.

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

6.3.6 Amend subparagraph (21): As soon as possibtein no case longer
than one hour after the end of the hot start pb&tee test, transfer the four particulate
filters to the weighing chamber for post-test cdioding, if applicable. For hybrid
electric vehicles that do not allow manual actimatof the auxiliary power unit and are
charge-sustaining over the UDDS, a valid test Satlsfy the SOC Criterion (see
Definitions, section B of these procedures).

6.3.7 Amend subparagraph (24): Vehicles to bedefstr evaporative
emissions will proceed pursuant to the “CaliforBisporative Emission Standards and
Test Procedures for 2001 and Subsequent Model Maabicles”-as-trecerporated-by
reference-herein

6.4 Calculations - Exhaust Emissions
To be conducted pursuant to 40 CFR 886.144-94 théffollowing revisions:
6.4.1 Amend subparagraph (a): For light-duty vielsiand light duty trucks:

Yum = 0.43 * Yo + 0.57 * Y,
B P

Where:

(1) Ywm = Weighted mass emissions of each pollutant,TileC, CO,
THCE, NMHC, NMHCE, CH, NGO, or CQ, in grams per vehicle mile.

(2) Yc = Mass emissions as calculated from the cold &attin grams
per test.

(3) Yh = Mass emissions as calculated from the hot sttin grams per
test.

(4) Dc = The measured driving distance from the cold $¢st, in miles.

(5) Dnh=The measured driving distance from the hot $¢mitt in miles.

6.5 Calculations - Particulate Emissions

To be conducted pursuant to 40 CFR 886.145-82 thélfollowing revisions:
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6.5.1 Amend subparagraph (a): The final repotstresults for the mass
particulate (M) in grams/mile shall be computed as follows:

M, = 0.43 * Mye + 0.57 *My,
D [

Where:

(1) Mpc = Mass of particulate determined from the coldtg&st, in grams
per vehicle mile. (See § 86.110-94 for determaoraji

(2) Mph = Mass of particulate determined from the hotts&st, in grams
per vehicle mile. (See § 86.110-94 for determaoraji

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

(4) Dnh=The measured driving distance from the hot $¢mitt in miles.

7. Hybrid Electric Vehicle Highway Emission Test Povisions
To be conducted pursuant to 40 CFR 8§ 600.111-93 thé following revisions:

7.1  Amend subparagraph (b)(2): The highway fuehemy test is designated to
simulate non-metropolitan driving with an averageesd of 48.6 mph and a maximum speed of
60 mph. The cycle is 10.2 miles long with 0.2 gpep mile and consists of warmed-up vehicle
operation on a chassis dynamometer through a ggekdifiving cycle. A proportional part of the
diluted exhaust emission is collected continuotstysubsequent analysis of THC, CO, £énd
NOy using a constant volume (variable dilution) sampl@iesel dilute exhaust is continuously
analyzed for hydrocarbons using a heated sam@eald analyzer. Methanol and formaldehyde
samples are collected and individually analyzedriethanol-fueled vehicles.

7.2  Amend subparagraph (f)(3): Only one exhausiptaand one background
sample are collected and analyzed for THC (excesetihydrocarbons which are analyzed
continuously), CO, C& and NQ . Methanol and formaldehyde samples (exhaustdation
air) are collected and analyzed for methanol-fugkduicles.

7.3  Add subparagraph (f)(5): Battery state-of-gkashall be set prior to performing
the HFEDS preconditioning cycle. For hybrid electehicles that do not allow manual
activation of the auxiliary power unit, batterytstaf-charge shall be set at a level that causes th
hybrid electric vehicle to operate the auxiliaryy@o unit for the maximum possible cumulative
amount of time during the HFEDS preconditioningleyd=or hybrid electric vehicles that allow
manual activation of the auxiliary power unit, leaytstate-of-charge shall be set at a level that
satisfies one of the following conditions:

0] If the hybrid electric vehicle is charge-susiag over the HFEDS, battery
state-of-charge shall be set at the lowest levelald by the manufacturer.
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(i) If the hybrid electric vehicle is charge-defphg over the HFEDs, battery
state-of-charge shall be set at the level recomeeebgl the manufacturer for activating
the auxiliary power unit when operating in highveliving conditions.

7.4  Amend subparagraph (h)(5): Operate the vebide one HFEDS
preconditioning cycle according to the dynamomdtarnng schedule specified in600.109(b).
If the auxiliary power unit is capable of being raaly activated, the auxiliary power unit shall
be manually activated at the beginning of and dpdrthroughout the HFEDS preconditioning
cycle.

7.5  Amend subparagraph (h)(6): When the vehi@elres zero speed at the end of
the HFEDS preconditioning cycle, the driver has&@onds to prepare for the HFEDS emission
measurement cycle of the test. Reset and enabl®liirevolution counter. During the idle
period, one of the following conditions shall apply

0] For hybrid electric vehicles that do not allblwe auxiliary power unit to be
manually activated and are charge-sustaining ®neeHFEDS, the vehicle shall be
momentarily turned off for 5 seconds and turnedklmacduring the idle period. The
battery state-of-charge shall be recorded aftehyteid electric vehicle has fully turned
on.

(i) For hybrid electric vehicles that do not allalae auxiliary power unit to be
manually activated and are charge-depleting oveHIREDS, the vehicle shall remain
turned on during the idle period.

(i) For hybrid electric vehicles that allow thepaliary power unit to be
manually activated, the vehicle shall remain turaedvith the auxiliary power unit
operating during the idle period.

7.6  Add subparagraph (h)(9): At the conclusiothefHFEDS emission test, one of
the following conditions shall apply:

0] For hybrid electric vehicles that do not allblwe auxiliary power unit to be
manually activated and are charge-sustaining ®\eeHFEDS, record the battery state-of-
charge to determine if the SOC Criterion (see Difins, section B of these procedures)
is satisfied. If the SOC Criterion is not satigfi¢hen repeat dynamometer test run from
subparagraph (h)(6). A total of three highway einis tests shall be allowed to satisfy
the SOC Criterion. Manufacturers may elect to atplgnamometer test run from
subparagraph (h)(6) if battery energy level inceeasignificantly relative to the initial
battery state-of-charge set at the beginning oHREDS emission test.

(i) For hybrid electric vehicles that do not allalae auxiliary power unit to be
manually activated and are charge-depleting oveHIREDS, the emission test is
completed.
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(i) For hybrid electric vehicles that allow thepaliary power unit to be
manually activated, the emission test is completed.

8. Hybrid Electric Vehicle SFTP Emission Test Prowsions
8.1 USO06 Vehicle Preconditioning
To be conducted pursuant to 40 CFR 8 86.132-00 théfollowing revisions:

8.1.1 Amend subparagraph (n): Aggressive Drivingt T&S06)
Preconditioning. (1) If the USO06 test follows #haust emission FTP or evaporative
testing, the refueling step may be deleted and¢héle may be preconditioned using the
fuel remaining in the tank (see paragraph (c)(29fithis section). The test vehicle may
be pushed or driven onto the test dynamometer geovihat battery state-of-charge has
not been set; otherwise, if battery state-of-ch&get prior to securing vehicle on
dynamometer, vehicle shall be pushed or towedposition on dynamometer. Battery
state-of-charge shall be set prior to performirggWts06 preconditioning cycle. For
hybrid electric vehicles that do not allow manuztiaation of the auxiliary power unit,
battery state-of-charge shall be set at a leveélddases the hybrid electric vehicle to
operate the auxiliary power unit for the maximunsgble cumulative amount of time
during the US06 preconditioning drive. For hyleldctric vehicles that allow manual
activation of the auxiliary power unit, batterytstaf-charge shall be set at a level that
satisfies one of the following conditions:

0] If the hybrid electric vehicle is charge-susiag over the US06,
battery state-of-charge shall be set at the loleest allowed by the
manufacturer. The auxiliary power unit shall benonelly activated at the
beginning of and operated throughout the US06 mrditioning cycle.

(i) If the hybrid electric vehicle is charge-defohg over the USO06,
battery state-of-charge shall be set at the lea@mmended by the manufacturer
for activating the auxiliary power unit when opangtin highway driving
conditions. The auxiliary power unit shall be malhuactivated at the beginning
of and operated throughout the US06 preconditionyaie.

8.1.2 Delete subparagraphs (n)(1)(i) and (n)(21)(ii)
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8.2 USO06 Emission Test
To be conducted pursuant to 40 CFR 886.159-00 théffollowing revisions:

8.2.1 Amend subparagraph (a): Overview. The dymaater operation
consists of a single, 600 second test on the U80hd schedule, as described in
appendix |, paragraph (g), of this part. The hylalectric vehicle is preconditioned in
accordance with § 86.132-00, to bring it to a watrp stabilized condition. This
preconditioning is followed by a 1 to 2 minute igleriod that proceeds directly into the
USO06 driving schedule during which continuous prtipaal samples of gaseous
emissions are collected for analysis. If engiadiaty should occur during testing, follow
the provisions of § 86.136-90 (engine starting masdarting). For hybrid electric vehicles
with gasoline-fueled Otto-cycle auxiliary power tsnithe composite samples collected in
bags are analyzed for THC, CO, £QH, and NQ. For hybrid electric vehicles with
petroleum-fueled diesel-cycle auxiliary power unitblC is sampled and analyzed
continuously according to the provisions of § 86.1Parallel bag samples of dilution air
are analyzed for THC, CO, GOCH, and NQ.

8.2.2 Amend subparagraph (b)(2): Position (velsbial be pushed or towed if
battery state-of-charge is set prior to securindyttamometer otherwise vehicle may be
driven as well) the test vehicle on the dynamomaek restrain.

8.2.3 Amend subparagraph (d): Practice runs dveptescribed driving
schedule may be performed at test point, providatiliattery state-of-charge setting is
conducted after practice and an emission sampietitaken, for the purpose of finding
the appropriate throttle action to maintain thepgrospeed-time relationship, or to permit
sampling system adjustment.

8.2.4 Amend subparagraph (f)(2)(i): Immediatelgatompletion of the US06
preconditioning cycle, idle the vehicle. The igkeriod is not to be less than one minute
or not greater than two minutes. During the idteiqd, one of the following conditions
shall apply:

0] For hybrid electric vehicles that do not allole auxiliary power
unit to be manually activated and are charge-sustaover the US06, the vehicle
shall be momentarily turned off for 5 seconds anded back on during the idle
period. The battery state-of-charge shall be sgaxbafter the hybrid electric
vehicle has fully turned on.

(i) For hybrid electric vehicles that do not allaélae auxiliary power
unit to be manually activated and are charge-degleiver the US06, the vehicle
shall remain turned on during the idle period.
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(i) For hybrid electric vehicles that allow thevaliary power unit to
be manually activated, the vehicle shall remaingdron with the auxiliary power
unit operating during the idle period.

8.2.5 Amend subparagraph (f)(2)(ix): At the cosan of the US06 emission
test, one of the following conditions shall apply:

0] For hybrid electric vehicles that do not allowanual activation of
the auxiliary power unit and are charge-sustaiowegr the US06, record the
battery state-of-charge to determine if the SO@e@an (see Definitions, section
B of these procedures) is satisfied. If the SO{fe@on is not satisfied, then
repeat dynamometer test run from subparagraph () (22 total of three US06
emission tests shall be allowed to satisfy the Si@rion. Manufacturers may
elect to repeat dynamometer test run from subpapég(f)(2)(i) if battery energy
level increased significantly relative to the ialtbattery state-of-charge set at the
beginning of US06 emission test.

(i) For hybrid electric vehicles that do not allaélae auxiliary power
unit to be manually activated and are charge-degleiver the US06, turn off
vehicle 2 seconds after the end of the last deaigber.

(i)  For hybrid electric vehicles that allow thenaliary power unit to
be manually activated, turn off vehicle 2 secorfter dhe end of the last
deceleration.

8.3  SCO03 Vehicle Preconditioning
To be conducted pursuant to 40 CFR 886.132-00 théffollowing revisions:

8.3.1 Amend subparagraph (0): Air Conditioningfl&&C03) Preconditioning.
(2) If the SCO3 test follows the exhaust emissi®R Br evaporative testing, the refueling
step may be deleted and the vehicle may be prewomeld using the fuel remaining in the
tank (see paragraph (c)(2)(ii) of this sectionheTest vehicle may be pushed or driven
onto the test dynamometer provided that battetg-sticharge has not been set;
otherwise, if battery state-of-charge is set ptwosecuring vehicle on dynamometer,
vehicle shall be pushed or towed into position pmagdnometer. Battery state-of-charge
shall be set prior to performing the SC03 precaowlibhg cycle. For hybrid electric
vehicles that do not allow manual activation of #uiliary power unit, battery state-of-
charge shall be set at a level that causes thédhglectric vehicle to operate the auxiliary
power unit for the maximum possible cumulative antaf time during the SC03
preconditioning drive. For hybrid electric vehgléhat allow manual activation of the
auxiliary power unit, battery state-of-charge shallset at a level that satisfies one of the
following conditions:
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(1) If the hybrid electric vehicle is charge-sustag over the SC03,
battery state-of-charge shall be set at the loleest allowed by the
manufacturer. The auxiliary power unit shall benonelly activated at the
beginning of and operated throughout the SC03 meitioning cycle.

(i) If the hybrid electric vehicle is charge-detahg over the SCO03,
battery state-of-charge shall be set at the lea@mmended by the manufacturer
for activating the auxiliary power unit when opangtin highway driving
conditions. The auxiliary power unit shall be malhuactivated at the beginning
of and operated throughout the SC03 preconditiooyate.

8.3.2 Delete subparagraphs (0)(1)(i) and (0)(21)(ii)
8.4  SCO03 Emission Test
To be conducted pursuant to 40 CFR 8 86.160-00 théffollowing revisions:

8.4.1 Amend subparagraph (a): Overview. Thedywmeter operation
consists of a single, 594 second test on the S@0B@ schedule, as described in
appendix |, paragraph (h), of this part. The hylelectric vehicle is preconditioned in
accordance with 886.132-00 of this subpart, todotite vehicle to a warmed-up
stabilized condition. This preconditioning is fmlled by a 10 minute vehicle soak
(vehicle turned off) that proceeds directly inte BC03 driving schedule, during which
continuous proportional samples of gaseous emissicacollected for analysis. The
entire test, including the SCO3 preconditioningleyeehicle soak, and SC03 emission
test, is either conducted in an environmentalfeeslity or under test conditions that
simulates testing in an environmental test cek Sec. 86.162-00 (a) for a discussion of
simulation procedure approvals). The environmetetstl facility must be capable of
providing the following nominal ambient test comnalits of: 95F air temperature, 100
grains of water/pound of dry air (approximatelypkicent relative humidity), a solar heat
load intensity of 850 W/fy and vehicle cooling air flow proportional to velei speed.
Section 86.161-00 discusses the minimum faciligureements and corresponding
control tolerances for air conditioning ambient anditions. The vehicle’s air
conditioner is operated or appropriately simuldtedhe duration of the test procedure
(except for the 10 minute vehicle soak), including preconditioning. If engine stalling
should occur during testing, follow the provisia{$86.136-90 (engine starting and
restarting). For hybrid electric vehicles with giise-fueled Otto-cycle auxiliary power
units, the composite samples collected in bagamab/zed for THC, CO, COCH, and
NOy. For hybrid electric vehicles with petroleum-feldiesel-cycle auxiliary power
units, THC is sampled and analyzed continuouslypalicg to the provisions of § 86.110.

Parallel bag samples of dilution air are analyiobedHC, CO, CQ, CH; and NQ.

8.4.2 Amend subparagraph (b)(2): Position (velsbial be pushed or towed if
battery state-of-charge is set prior to securindyttamometer otherwise vehicle may be
driven as well) the test vehicle on the dynamomaek restrain.
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8.4.3 Amend subparagraph (c)(9): Start vehicléh(\air conditioning system
also running). If the auxiliary power unit of thgbrid electric vehicle is capable of being
manually activated, the auxiliary power unit shedlmanually activated at the beginning
of and operated throughout the SC03 emission téfteen seconds after the vehicle
starts, begin the initial vehicle accelerationha tlriving schedule.

8.4.4 Amend subparagraph (c)(12): Turn the velatfi@ seconds after the end
of the last deceleration.

8.4.5 Amend subparagraph (d)(7): Start vehicléh(air conditioning system
also running). If the auxiliary power unit of thgbrid electric vehicle is capable of being
manually activated, the auxiliary power unit shedlmanually activated at the beginning
of and operated throughout the SC03 emission tafteen seconds after the vehicle
starts, begin the initial vehicle accelerationha tlriving schedule.

8.4.6 Amend subparagraph (d)(10): At the conclusibthe US06 emission
test, one of the following conditions shall apply:

0] For hybrid electric vehicles that do not allole auxiliary power
unit to be manually activated and are charge-sustaover the SC03, record the
battery state-of-charge to determine if the SO@e@an (see Definitions, section
B of these procedures) is satisfied. If the SOffe@on is not satisfied, then turn
off cooling fan(s), allow vehicle to soak in the lasient conditions of paragraph
(c)(5) of this section for 10 minutes, and repegatainometer test run from
subparagraph (d). A total of three SC03 emisseststshall be attempted to
satisfy the SOC Criterion. Manufacturers may elecepeat dynamometer test
run from subparagraph (d) following a 10 minuteksimathe ambient conditions
of paragraph (c)(5) of this section if battery gydevel increased significantly
relative to the initial battery state-of-charge a&ethe beginning of SC03 emission
test.

(i) For hybrid electric vehicles that do not allaélae auxiliary power
unit to be manually activated and are charge-degleiver the SCO03, turn off
vehicle 2 seconds after the end of the last deaigber.

(i)  For hybrid electric vehicles that allow thenaliary power unit to
be manually activated, turn off vehicle 2 secorfter dhe end of the last
deceleration.

9. State-of-Charge Net Change Tolerances

9.1 For hybrid electric vehicles that use a batésran energy storage device, the
following state-of-charge net change tolerancel sipgdly:

[-14
Date of Release: December 5, 2008; 45-day Notice version
Date of Hearing: January 22-23, 2009



(Amp-hfina)max = (AMpP-hnitial) + 0.01 * (NHViuel * Miye)

Qétem* Kl)

(NVH,, Om,)
AmMp-htina)min = (AMP-hEniga)) — 0.01 * = e
( p fnal)mn ( p ntal) (VsystemDKl)

Where:

(Amp'h rfinal)max
(Amp-hiina))min

Maximum allowed Amp-hr stored in battery at el of the test
Minimum allowed Amp-hr stored in battery at #m&d of the test

(Amp-hfiigal) = Battery Amp-hr stored at the beginning of testt
NHV el = Net heating value of consumabile fuel, in Joukgs/
Meyel = Total mass of fuel consumed during test, in kg
K1 = Conversion factor, 3600 seconds/hour

Vsystem = Battery DC bus voltage (open circuit)

9.2 For hybrid electric vehicles that use a capaeis an energy storage device, the
following state-of-charge net change tolerancel sipgdly:

(2 |:|NHVfueI |jrnfuel )

(Vfinal)max = \/(Vinitiaj )2 + 0010

(2 |:”\IHVfuel |jrnfuel )

(Vfina)min = \/(\/initial )2 - 0010

Where:

(Vina)max =  The stored capacitor voltage allowed at thedadrnte test

(Vinal)min =  The stored capacitor voltage allowed at theadrttie test

(Vinitial)® =  The square of the capacitor voltage storedeab#ginning of the test
NHV el =  Net heating value of consumable fuel, in Joutes/

Meyel =  Total mass of fuel consumed during test, in kg

C = Rated capacitance of the capacitor, in Farads
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9.3 For hybrid electric vehicles that use an eteotechanical flywheel as an energy
storage device, the following state-of-charge heinge tolerance shall apply:

_ (20NVH,,,, Om,,)
(rpmfinal)max— \/(rpminitial )2 + OOlD (1DfKI3) &
(2ONVH, ., Om,,,)
PMeinal)min = [ (FPM, 4 ) — 0010 ae e
("PMfinar)min \/(p ol ) A0K.)
Where:
(rpmkna)max =  The maximum flywheel rotational speed allowethatend of the test
(rpmeina)min = The minimum flywheel rotational speed allowedhat end of the test
(rpminiia)®> = The squared flywheel rotational speed at théninéng of the test
NHV el = Net heating value of consumable fuel, in Joukgs/
Meyel = Total mass of fuel consumed during test, in kg
Ks Conversion factor, /(3600 setrpnr)

I Rated moment of inertia of the flywheel, in &g-
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