INL/EXT-07-13321

U.S. Department of Energy
FreedomCAR & Vehicle Technologies Program

CARB Executive Order Exemption Process for
a Hydrogen-fueled Internal Combustion Engine
Vehicle — Status Report

John Fleming
Garrett Beauregard
James Francfort

Prepared by Electric Transportation Applications

April 2008

Idaho National Laboratory
Operated by Battelle Energy Alliance



INL/EXT-07-13321

CARB Executive Order Exemption Process for a
Hydrogen-fueled Internal Combustion Engine Vehicle
— Status Report

John Fleming®
Garrett Beauregard®
James Francfort®

April 2008

Idaho National Laboratory
Transportation Technology Department
Idaho Falls, Idaho 83415

Prepared for the
U.S. Department of Energy
Assistant Secretary for Energy Efficiency and Renewable Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517

a Roush Industries
b. Electric Transportation Engineering Corporation
c. Idaho National Laboratory



Disclaimer

This document highlights work sponsored by agencies of the U.S. Government. Neither the U.S.
Government nor any agency thereof, nor any of its employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the U.S. Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the U.S. Government or any agency
thereof.




ABSTRACT

The CARB Executive Order Exemption Process for a Hydrogen-fueled
Internal Combustion Engine Vehicle was undertaken to define the requirements
to achieve a California Air Resource Board Executive Order for a hydrogen-
fueled vehicle retrofit kit. A 2005 to 2006 General Motors Company
Sierra/Chevrolet Silverado 1500HD pickup was assumed to be the build-from
vehicle for the retrofit kit. The emissions demonstration was determined not to
pose a significant hurdle due to the non-hydrocarbon-based fuel and lean-burn
operation. However, significant work was determined to be necessary for
Onboard Diagnostics Level Il compliance. Therefore, it is recommended that an
Experimental Permit be obtained from the California Air Resource Board to
license and operate the vehicles for the durability of the demonstration in support
of preparing a fully compliant and certifiable package that can be submitted.
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Advanced Vehicle Testing Activity
CARB Executive Order Exemption Process for a
Hydrogen-fueled Internal Combustion Engine Vehicle
— Status Report

1. INTRODUCTION

The CARB Executive Order Exemption Process for a Hydrogen-fueled Internal Combustion
Engine (HICE) Vehicle work for the Advanced Vehicle Testing Activity (AVTA) was contracted with
Roush Industries (Roush). Roush provides integrated automotive engineering services in disciplines
ranging from body, chassis, and powertrain engineering through comprehensive testing, noise vibration
harness engineering, and specialty manufacturing services. Roush assumed that the vehicle to be certified
was the HICE pickup truck developed by ETEC in support of the U.S. Department of Energy’s AVTA
testing of HICE vehicles. California Air Resource Board (CARB) Executive Order personnel were
consulted via correspondence presented in Appendix A. Using responses to this correspondence and
incorporating Roush experience with vehicle certification and CARB Executive Order submissions
(through Roush Performance Products division), the strategy for submission of a certification application
presented in this report was developed by John Fleming, Roush Program Manager. This report describes
the work performed to date to obtain CARB certification for the conversion of a gasoline engine base
vehicle to a HICE vehicle.

2. BASE TRUCK INFORMATION

The base, build-from truck utilizes a General Motors factory KL5 CNG option 6.0L engine, which
is heavy duty engine certified and engine dynamometer emissions tested instead of chassis roll emissions
tested. The following list presents truck information for two trucks previously converted to hydrogen fuel
use. These trucks were certified to Environmental Protection Agency (EPA) heavy duty engine standards
and procedures.

2005 Chevrolet Silverado 1500HD 2006 GMC Sierra 1500HD

VIN Number: IGCGC13U95F889816 VIN Number: IGTGC13U06F160945
Engine Family: 5SGMXH06.0583 Engine Family: 6GMXH06.0583
Evap Family: SGMXR0223998 Evap Family: 6GMXR0223998

EPA Cert Number: GMX-CFF-LEV-05-03 EPA Cert Number: GMX-HDG-06-01

The 2005 truck was not original equipment manufacturer built with the KL5 option engine; it was
updated with the KL5 option cylinder heads during conversion, which explains the different EPA
Certification Number (i.e., EPA Cert Number).

3. EXECUTIVE ORDER CERTIFICATION REQUIREMENTS

CARB requires use of an original CARB-certified vehicle as the build-from vehicle to certify a
retrofit system. The appropriate certified vehicle would fall under Executive Order A-006-1340 (see
Appendix B) for 2006.



Currently, no formal CARB process is in place for certifying hydrogen-fueled vehicles. CARB has
discussed grouping hydrogen with alternative fuel conversions. To date, no new vehicle manufacturer or
retrofit company has received an Executive Order from CARB for hydrogen-fueled, on-road vehicles.

Specific CARB requirements applicable to alternate fuel retrofit systems are presented in
Appendix C. In addition to all other standards and requirements, this Regulatory Order specifies the
following:

o Use of a fuel lock-off valve to prevent fuel delivery while engine is shut off

o No drivability degradation from base vehicle

. Onboard diagnostics from base vehicle must not be impaired

o Creation of a supplemental emissions control information label

o Creation of a new vacuum schematic if different from base vehicle

o Owners manual supplement

o Manufacturer and installer retrofit record keeping

. Complete documentation of the retrofit system and installation procedure

. Complies with exhaust emission levels equivalent to those of the base-certified vehicle

. If approval is granted on a passenger car, light-duty truck, or medium-duty vehicle, it would

automatically qualify the system for use in heavy duty engines without additional testing (assuming
the use of similar emission control systems)

. Full coverage warranty for 3 years or 50,000 miles

. A cost-limited extended warranty for 7 years or 70,000 miles.

4. TAILPIPE AND EVAPORATIVE EMISSIONS
TESTING REQUIREMENTS

The build-from vehicle falls under CARB Category II (i.e., vehicles with gross vehicle weight
registered less than or equal to 14,000 Ib and not originally certified to a chassis dynamometer-based
exhaust emission standard).

From the Final Order, Attachment A, Section 5(c):

For durability, bench-test and emission-data vehicles in Category 11, test vehicles
shall have accumulated a total mileage greater than 4,000 miles and less than
10,000 miles with the original fuel system prior to emission testing. If the
manufacturer chooses to use the option as described in 1(b) (e) for pre-1994
model year vehicles, then the 10,000-mile limit shall not be applicable. A test
vehicle's engine and emission control system shall be equipped and calibrated as
certified. The vehicle shall then be tested for exhaust and, if applicable,



evaporative emissions using the test procedures set forth in the “California
Exhaust Emission Standards and Test Procedures for 1988 and Subsequent
Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles.” The
inertia weight setting shall be equal to the average of the vehicle's curb weight
and gross vehicle weight rating and road load horsepower based on the frontal
area of the vehicle without modifications, as determined in “California Exhaust
Emission Standards and Test Procedures for 1988 and Subsequent Model
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles,” Section 9.b.
The test results shall be defined as the baseline emission rates. After the baseline
emission rates have been measured, the retrofit system shall be installed.

(1) The procedures outlined in paragraphs 5(b)(iii) through 5(b)(vi) shall be used
with the following modifications: "useful life" shall equal 120,000 miles for
vehicles in Category II: the durability or bench-test vehicle's emission rates of
regulated pollutants measured at 4,000 + 100 miles after the installation of the
retrofit system shall not exceed 1.10 times the baseline rates; the deteriorated
exhaust emissions of regulated pollutants projected to 120,000 miles shall not
exceed 1.3 times the baseline emissions; and the deteriorated evaporative
emissions of regulated pollutants projected to 120,000 miles shall not exceed the
baseline emissions plus 0.5 grams.

For the assumed build-from vehicle, the only emissions testing requirement is a Federal Test
Procedure (FTP CVS75) and highway comparison to the baseline vehicle. No evaporative emissions test
is required due to use of a closed fuel system and non-hydrocarbon fuel.

5. ONBOARD DIAGNOSTICS LEVEL Il COMPLIANCE

The largest hurdle in receiving an Executive Order for a hydrogen fuel retrofit system is
maintaining compliance with the current CARB Onboard Diagnostics Level 11 (OBDII) standards. These
requirements are outlined in the following OBDII Final Regulation Orders:

o Title 13, California Code Regulations, Section 1968.2, Malfunction and Diagnostic System
Requirements for 2004 and Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and
Medium-Duty Vehicles and Engines (OBDII)
http://www.arb.ca.gov/regact/obd02/fro1968-2.pdf

. Title 13, California Code of Regulations, Section 1968.5, Enforcement of Malfunction and
Diagnostic System Requirements for 2004 and Subsequent Model-Y ear Passenger Cars,
Light-Duty Trucks, and Medium-Duty Vehicles and Engines
http://www.arb.ca.gov/regact/obd02/fro1968-5.pdf.

The HICE vehicle used to develop certification requirements utilizes a diagnostic tool to check and
clear fault codes. However, this system is not compliant with current requirements for powertrain control
module OBDII regulations in the following ways:

o The system does not meet the standardized requirement (SAE J1978) for generic scan tool
communication

o The system is not compliant with standard SAE J1979 parameter identifiers monitoring

o The system is deficient in OBDII monitoring requirements



. The system has not been tested for, nor demonstrated compliance with, CARB requirements.

5.1 Generic Scan Tool Use

Current hydrogen fuel conversions typically use an add-on or piggy-back engine control unit. This
is required to provide the unique electronic drivers required for supporting the Quantum hydrogen fuel
injectors universally used for HICE vehicles. The HICE certification vehicle utilizes aftermarket engine
control unit hardware. This hardware has never been used in an OBDII-compliant program and requires
low-level (OBDII) driver development and hardware changes to become compliant. Following these
changes, a significant amount of software development also will be required. One issue experienced with
these particular vehicles is the fact that the build-from vehicle utilizes the J1850 messaging protocol,
which is not supported by the aftermarket engine control unit. A message translator module is used to
communicate between the aftermarket engine control unit and the rest of the stock vehicle modules
(e.g., ABS, body, and dash). Additional software development will be required in the translator module to
enable use of a generic scan tool.

5.2 Parameter Identifiers Monitoring

CARB requires a standard list of parameter identifiers for querying information from the
powertrain control module that would need to be resolved. These include “Freeze Frame”-stored engine
parameters for diagnosing malfunction indicator lamp illumination. A significant amount of software
development will be required for the HICE certification vehicle to achieve parameter identifiers
monitoring compliance.

5.3 Onboard Diagnostics Level Il Monitoring

CARB requires monitoring all emissions related sensors and emission components. A Roush letter
to CARB dated September 18, 2006 (see Appendix A), addresses the following OBDII monitors:

o Catalyst monitor—Not applicable because catalytic converters are removed. A letter explaining
the decision to remove the converters was sent to CARB on August 30, 2006 (see Appendix A).

o Misfire monitor—Not applicable because no hydrocarbons are emitted during misfire and no
catalysts will be damaged from misfire. CARB questioned whether a misfire monitor would still be
desired for detecting degraded performance. However, because a misfire has no emissions impact,
the monitor is not a regulatory requirement.

o Evaporative system monitor—Not applicable because there is no evaporative fuel system and the
fuel system is sealed.

o Fuel system monitor—This monitor is required as emission of nitrogen oxides is influenced by
the fuel/air ratio. A richer than requested mixture would increase nitrogen oxides. Because the
hydrogen fuel management system is running open loop with no feedback from heated exhaust gas
oxygen sensors or universal exhaust gas oxygen sensors, the conventional way of monitoring fuel
shifts does not apply. Roush proposed a monitor to CARB that monitors the closed loop idle
control to determine if a rich fuel shift has occurred. CARB was reluctant to agree to its use and
requested that reliability of using universal exhaust gas oxygen sensors to monitor fuel shifts be
investigated. Hydrogen fueled vehicles currently operating in Vancouver, Canada, as part of the
AVTA’s fleet testing of HICE vehicles have universal exhaust gas oxygen sensors installed for the
purpose of monitoring the durability of the sensor in a hydrogen environment.



o Oxygen sensor monitor—Not applicable because the system does not utilize O, sensors for fuel
control. However, this would be required if universal exhaust gas oxygen sensors are used as inputs
for the fuel system monitor.

. Secondary air monitor—Not applicable because the system does not utilize secondary air.

. EGR system monitor—Not applicable because the system does not utilize exhaust gas
recirculation.

o PCYV system monitor—Not required because hydrogen fuel contains no hydrocarbons; therefore,

there will be no fuel-related crankcase vapor detrimental to the atmosphere. However, the positive
crankcase ventilation system is still present on the vehicle.

. Engine cooling monitor—This monitor checks for a stuck open thermostat. Because the additional
cold start fueling is based on engine coolant temperature at startup and decays away with time, no
fueling would be modified for a non-functional thermostat. Spark is not modified for engine
coolant temperature; therefore, the monitor is not applicable.

. Cold start emissions reduction strategy monitor—Not applicable.

o Air conditioning system monitor—Not applicable.

o Variable valve timing monitor—Not applicable.

. Direct ozone reduction system monitor—Not applicable.

o Comprehensive component monitor—HICE certification vehicle software performs the basic

functions of this monitor. Additional sensor rationality checks will be required for full compliance.
These checks will require significant software development.

6. EXPERIMENTAL PERMIT

During discussions with CARB, Roush was encouraged to seek an experimental permit allowing
use of HICE vehicles in California. This permit would allow acquisition of data from the HICE
certification vehicle and provide an opportunity to further mature the OBD compliance. The time period
for using an experimental permit is likely limited to a maximum of 2 years.

The following list of items needed for applying for an experimental permit was provided by CARB
(see Appendix D):

o Brief description of proposed vehicle modifications, including the following:
- Purpose of the modification
- Basic theory of operation and functional characteristics

. Defined test program for obtaining pertinent data on driveability, fuel economy, and emission
effects as applicable

. Statement indicating which, if any, emission control components are removed or modified



Make, model, year, and license number or vehicle identification number of vehicle(s) modified (if
modifications are to a heavy-duty vehicle, include the engine serial number)

Statement indicating disposition of the modified vehicle(s) at the end of the test program. Vehicles
would either need to be updated to full OBD compliance or removed from road use in California.

Additional experimental permit information requested from Roush by CARB includes the

following:

In the near term, is there a plan to certify the hydrogen vehicles in California?

Provide details on the durability test plan (i.e., components and emissions)

Provide details on plan to develop a CARB-compliant OBDII System

Length of test program

Number of test vehicles

Purchaser or owner of hydrogen kits or converted vehicles (in California)

Acknowledgment from vehicle owner/operator that the permit will be valid for a fixed period of

time, after which the vehicles would need to be converted back to the original certified
configuration, shipped out of California, or converted to a certified hydrogen system.



Appendix A

Roush Correspondence with CARB



Appendix A

Roush Correspondence with CARB

ROUSH.

Enmissions LABORATORY
12449 Levan Rd.

Livonia, M1 48130

Telephone: (734) TT4-T002

To: Rose Castro Fax: (734) 779-7902
California Air Resources Board wivwisonehind com

Date: B/9/06

Subject: V27156 Exemption for Hydrogen-fueled Internal

Combustion ¥ehicle

Content Page
1) Imtroduction 1

2y  Vehicle Specifications
2) HICE Muodification Challenges
3  Emissions Certification Plans
4) OBDII Plans
5)  Production Status
6) Emissions Results

a W W W

1) Introduction

ETEC and Roush Industries, working together, have developed 100% hydrogen internal
combustion engine (HICE) pickup trucks. As the manufacturer of this vehicle, we are seeking
a CARB Executive Order (EQ) to sell this vehicle for use in Califernia, and would like to apply
for an exemption from Vehicle Code Section (V'3) 27156 using Application B = Compliance
Criteria Parts Application

Hydrogen as a fuel has certain advantages over fossil fuels. One advantage is the potential
for low greenhouse gas emissions. Depending on the source of the hydrogen gas the
greenhouse gas emissions will be lower than gasoline and if renewable energy is used to
generate the hydrogen they may approach zero. Another advantage is the fuel contains no
carbon molecules, so there are vitually zero hydrocarbon and carbon monoxide emissions.

Cur hydrogen-fueled internal combustion engined full-size pickup carries six (8) people and
has all of the utility of a pickup with zero hydrocarbon emissions. In performance and feel, it
is very much like driving a gasoline fueled vehicle. This vehicle is not just for show, it will
work right alongside an existing fleet of pickup trucks.

What better way for State and/or Federal agencies to demonstrate its support and
commitment to the emerging hydrogen infrastructure then to actually use hydrogen fueled
vehicles in its fleet? What better way to promote the growing number of local Hydrogen
Energy Stations? These vehicles are essentially hydrogen burners so whomever wants to
demonstrate the use of hydrogen fuel as an alternative would want to buy these vehicles;

Foush Indusirics Letter of Intent to CHAZDB 2. doc TAW
CONFIMENTIAL Page 1 of 4 Q1w 2007



Universities, utility companies, municipalities, military, or anyone who would want to
demonstrate the viability of hydrogen or the impact it may have.

2) Vehicle Specifications

a)

b)

c)
d)

e)

f)

g)

h)

Base vehicle is a 2005/2006 Chevrolet Silverado 1500HD equipped with a 4-door cab
and room for six people.

Hydrogen engine based on a 6.0L GM V8 with electronic port fuel injection and a
supercharger/intercooler system optimized to achieve sufficient power and torque.

195 Horsepower and 260 |b-ft torque.
4-Speed automatic transmission.

10.5 kg of hydrogen fuel stored on-board at a pressure of 350 bar (5,000 psi), in three (3)
150-liter aluminum lined, carbon-fiver reinforced tanks.

Driving range exceeds 250 km (155 miles).

HICE conversion yields significant reductions in vehicle emissions compared to the
gasoline-powered base engine.

HC<10 ppm, NOx < 25 ppm steady-state as measured on an engine dynamometer.
Feedgas = Tailpipe as no catalysts are used.

2) HICE Modification Challenges

a)

b)

Engine Maodifications

1) Integration of Lysholm supercharger to intake manifold (max. boost pressure
=12 psi).

ii) Integration of large liquid-to-air intercooler.

1i1) Integration of OEM ¢lectronic throttle body.

iv) Selection of spark plugs for operation in hydrogen combustion environment.

Engine control hardware and software integration efforts

1) Complete removal of OEM powertrain control module (PCM).

i) Selection and integration of appropriate aftermarket PCM.

ii1) Development of engine control strategies for hydrogen lean-burn operation.

iv) Development of matching transmission control strategies.

v) Implementation of J1830 communication to maintain seamless integration
with existing OEM vehicle equipment.

Roush Industries Letter of Intent to CH#A2DB2.doc TAW
CONFDIENTIAL Page 2 of 4 9/19/2007



3) Emissions Certification Plans

a)
b)
c)
d)
e)
f)

9)

CARB and EPA emissions certification process.

Targeted applicable standards are Tier 2 — Bin 8.

Refueling Test — waiver justification per 40 CFR 86.1801(K)(3)
Particulate Test — waiver justification per 40 CFR 86.094-23(c)(1)
LDT idle CO Test — waiver justification per 40 CFR 86.829-01(b)(5)
Cold CO Test — waiver justification per 40 CFR 86.201(a)

SFTP Test — waiver justification per 40 CFR 86.1810-01(h){i){4)
Evaporative Test — waiver justification per 40 CFR 600.307-95
Detericoration Factors -

To date, emissions development was conducted at Argonne National Lab’s 4-wheel
chassis dynamometer, with dilution air scrubbing capability.

4) OBD Il Plans

Hydrogen fueled vehicles do not produce hydrocarbons through the combustion process.
Therefore, OBDII threshold for MIL illumination do not pertain to this vehicle.

Please see attached document, “H2ICE OBD Diagnostic List (081006).xIs” for a complete list
of sensors and their comprehensive component monitors (OBD — CCM).

5) Production Status

a)

b)

c)

d)

e)

Nine conversion vehicles are currently in production.

One vehicle will participate in the Department of Energy’s Advance Vehicle Testing
activity (HICEV America test program).

Eight vehicles were purchased by Powertech Labs to support the Industrial Waste
Hydrogen Utilization Project {IVWHUP) in BC, Canada.

IWHUP will use recovered waste hydrogen to supply a network of refueling stations
serving British Columbia’s Hydrogen Highway™ . Local businesses will lease the HICE
trucks from Powertech Labs and operate them for a two year period.

Additional vehicles will be produced on demand.

Roush Industries Letter of Intent to CH#A2DB2.doc TAW
CONFDIENTIAL Page 3 of 4 9/19/2007
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6) Emissions Results

a) Currently, all vehicle emissions testing was conducted at the Argonne Mational Lab, suing
their 4-wheel chassis dynamometer, with dilution air scrubbing capability.

FTP75 Emission Results

Date THC NOx co co2 | (milkg)
- 3/9/2006 0.0009 | 01236 | 0.0172 | 0.00 13.60

3M0/2006 0.0005 | 0.1281 | 0.0148 | 1.17 13.71

TIER 2 - BIN 8 50k STDS.

_NMOG | NOx | CO
0125 | 0.14 34

HWFET Emission Results

FE
Date THC NOx co Cco2 | (mi/kg)
_ 3/9/2006 0.0001 | 00863 | 0.0081 | D.00 18.57

3M02006 | 00000 | 006842 | 0.0084 | 0.23 19.65

Please contact me to further discuss the application process. We are anxiously awaiting
the approval to sell this vehicle. and support the Hydrogen infrastructure that is begin
assembled in California and other parts of the world.

Sincerely.

Timothy Werner

Roush Industries
Emissions Lab Manager
734-779-7870

Email: tawern/@roushind.com

Roush Indusiries Letter of Intent to CHA2DB2.doc TAW
CONFDIENTIAL Page 4 of 4 O] Q2007
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ROUSHE) ROUSH INDUSTRIES, INC.

EMISS1088 LABORATORY
12249 Levan Road
Livonia, Michigan 48150

Author's Phone: (734) 779-7870
Facsimile; (734) 779-7902
www ronshind.com

August 30, 2006

Jason Wong
California Air Resources Board
QBD Certification Division

Subject: Catalytic Converter Delete On ETEC-Roush Hydrogen-fueled Internal
Combustion Engine Vehicle (HICE)

Mr. Wong,

Working together, ETEC and Roush industries have developed a 100% hydrogen fueled internal
combustion engine (HICE) light duty truck. We are seeking a CARB Executive Order (EO) to
enable the sale and use of these vehicles in California, and would like to apply for an
exemption. The base vehicle is a 2005-06 Chevrolet Silverado / GMC Sierra 1500HD (this may
include the 2500HD series as well - TBD).

One advantage of hydrogen as a fuel over fossil fuels is that the fuel contains no carbon
molecules. This ensures that there are virtually zero hydrocarbon and carbon monoxide
emissions emitted from a running engine. NOx is the only regulated emissions constituent
emitted from the engine.

Our strategy for NOx reduction in a hydrogen fueled vehicle is much different than that of a
typical carbon based fuel such as gaseline or LPG. NOx reduction is achieved through lean-
burn fuel control, and not through a conventional catalytic converter system. The Roush/ETEC
hydrogen engine combustion operates at a fuel equivalence ratio of 0.45 (Lambda of 2.22) at all
engine operating conditions. This lean operation reduces combustion pressure and
temperature significantly, thus significantly reducing NOX. This strategy is the most feasible
method for NOx control when operating on hydrogen.

The decision to remove the catalytic converters from the base vehicle was made because the
catalyst system no longer contributes to any significant emissions reduction and poses a
possible durability risk. Conventional catalysts like the original equipment removed from this
vehicle, reduce NOx when operating rich of stoichiometry. Since the engine never operates in
this condition, the catalyst system will not contribute to any NOx reduction. Potential risks
associated with leaving the catalyst system in place are reduced exhaust system durability. If
the vehicle encounters cylinder misfire, the unburned hydrogen from the cylinder could combust
in the exhaust system. This could increase the temperature of the catalyst system to the point
where the catalyst mechanically fails and plugs the exhaust system flow. This would have a
large impact on driveability, and have an impact on warranty.

12



Since there are no emissions related drawbacks to removing the catalyst system, and there are
potential risks for leaving the catalyst system in the exhaust, we feel that the best action is to
remove the catalyst system from the vehicle.

Please contact me if you have any questions, or require further information.

Sincerely,

Timothy Werner
Roush Emissions Lab Manager
tawern@roushind.com

Ford Supplier Code: H54RG
Roush Quote No. 2006-xxx-1411-R1

13



ROUSI-lEP ROUsSH INDUSTRIES, INC.

Emissions LARORATORY
12249 Levan Road
Livonia, Michigan 48150

Author’s Phone: (734) 772-7870
Facsimile: (734} 779-T902
wwew' roushind . com

September 18, 2006

Mr. Jason Wong
California Air Resources Board
OBD Certification Division

Subject: OBD2 Monitor Information On ETEC-Roush Hydrogen-fueled Internal
Combustion Engine Vehicle (HZICE)

Mr. Wong,

Working together, ETEC and Roush industries have developed a 100% hydrogen fueled internal
combustion engine (HZICE) light duty truck. We are seeking a CARE Executive Order (EQ) to
enable the sale and use of these vehicles in California, and would like to apply for an
exemption. The base vehicle is a 2005-06 Chevrolet Silverado / Sierra 1500HD (this may
include the 2500HD series as well — TBD).

This vehicle is intended to support the emerging Hydrogen Highway and the associated
infrastructure, and demonstrate the feasibility of Hydrogen as an alternative fuel. Itis not
intended as a commercially viable alternative to gasoline-powered vehicles. These vehicles are
essentially hydrogen burners, so whomever wants to demonstrate the use of hydrogen fuel as
an alternative, would want to buy these vehicles; universities, utility companies, municipalities,
military, or anyone who would want to demonstrate the viability of hydrogen or the impact it may
have.

GENERAL INFORMATICN

The Hydrogen-fueled internal combustion (H2ICE) powertrain is controlled by a Roush
developed PCM (engine and transmission controller). The OEM PCM has been completely
removed from the vehicle. Custom algorithms were developed for the unigueness of hydrogen
operation, and the engine and transmission were calibrated for optimal emissions and
drivability.

The custom PCM contains algorithms to detect a component malfunction, store a pending or
confirmed fault code, and illuminate the MIL as required. The OBD Il system is designed to
operate, maintenance-free, for the life of the vehicle and cannot be reprogrammed or
deactivated based on age and/or mileage of the vehicle. Although a generic scan tool can not
be used to read error codes, a laptop containing all of the necessary software and hardware to
do so will be provided with each new vehicle or fleet of vehicles sold (anticipated sales are 10-
20 vehicles per year).

As this vehicle is intended to be a technology demonstrator, any and all service will be
performed by Roush-designated personnel. This means that the vehicle will never be taken to
standard service station or dealership for service. If a MIL is illuminated, specially selected
personnel will analyze the error codes (using the laptop provided with the vehicle/fleet).

The intent of an OBD system is to diagnose and notify the user when an emissions controlled
sensor, actuator, or other hardware has failed, or is failing to the point that emissions are

Roush Industries Page 1 of 7 TAW
COMFIDEMNTIAL HZICE - OBD2 letier to CARB.doc 882007
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negatively impacted above a specific threshold. Roush feels that the vehicle meets the intent of
this law as it pertains to hydrogen fueled vehicle emissions. Hydrogen as a fuel can not be
classified with other typical fuels (e.g. gascoline, LPG, CNG) as the combustion characteristics
are vastly different, thus the OBD system functionality must also be different, and requires re-
examination by CARB.

OBD Il SYSTEM

One advantage of hydrogen as a fuel over fossil fuels is that the fuel contains no carbon
molecules. This ensures that there are virtually zero hydrocarbon and carbon monoxide
emissions emitted from a running engine. NOX is the only measurable regulated emissions
constituent emitted from the engine.

The strategy for NOx reduction in our hydrogen fueled vehicle is much different than that of a
typical carbon based fuel such as gasoline or LPG. NOx reduction is achieved through lean-
burn fuel control, and not through a conventional catalytic converter system. The Roush/ETEC
hydrogen engine combustion operates at a fuel equivalence ratio of 0.45 (Lambda of 2.22) at all
engine operating conditions. This lean operation reduces combustion chamber temperatures
significantly, thus significantly reducing NOx. This strategy is the most feasible method for NOx
control when operating on hydrogen. Combustion operation at or near stoichiometry creates a
significant amount of NOx, such that a catalytic converter would not be capable of reducing NOx
to the values obtained with lean fuel control.

1. CATALYST MONITOR
The OBD Il system shall detect a catalyst system malfunction when the catalyst system’s
conversion capability decreases to the point that the following occurs:
w LEV I, ULEV Il and MDV SULEV II:
NMOG > 1.75 x standard, or
NMHC conversion efficiency < 50%
NOx > 3.5 x standard

This application does not require the use of catalytic converters for emissions reduction so
the OE catalysts have been removed, and thus, no need for this monitor.

Hydrogen fuel contains no hydrocarbons, therefore, the NMOG and NMHC limits do not
apply to this vehicle. While the combustion process does make NOx, reduction of NOx
through the OE catalytic converters is not possible as the vehicle never operates ina
condition rich of stoichiometry (which is required for NOx reduction using three-way
catalysts). This is one reason that the catalysts have been removed from the vehicle.

2. MISFIRE MONITOR
The OBD Il system shall detect a misfire malfunction pursuant to the following:
w Misfire causing catalyst damage
w Misfire causing emissions to exceed 1.5 x standards.

This application does not require misfire monitoring as there are no catalysts to be
damaged, nor the possibility of increase emissions as a result of misfire.

During a misfire event, unburned hydrogen will be expelled through the combustion
chamber and out the tailpipe. Since hydrogen contains no hydrocarbons, nor carbon
monoxide, these limits do not apply. NOx is a byproduct of combustion at very high
temperatures. A misfire produces very low cylinder pressure, thus very low temperatures.
Therefore, there is very minimal NOx produced during a misfire event. Hydrogen can burn
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in the exhaust, elevating catalyst mid-bed temperatures, potentially causing catastrophic
damage. This is another factor in the decision to remove the OE catalysts.

3. EVAPORATIVE SYSTEM MONITOR
The OBD Il system shall detect an evaporative system malfunction when any of the
following conditions exist:
@ No purge flow from the evaporative system to the engine can be detected by the
OBD Il system.
w The complete evaporative system contains a leak or leaks that cumulatively are
greater than or equal to a leak caused by a 0.040 inch diameter orifice.
w The complete evaporative system contains a leak or leaks that cumulatively are
greater than or equal to a leak caused by a 0.020 inch diameter orifice.

This application does not require evaporative system monitoring as this is a hydrogen fuel
application using a closed fuel storage system. The possibility of vapor generation does not
exist.

4, FUEL SYSTEM MONITOR
The OBD Il system shall detect a malfunction of the fuel delivery system (including feedback
control based on a secondary oxygen sensor) when any of the following conditions exist:
w When the fuel delivery system is unable to maintain a vehicle’s emissions at or below
1.5 x standards.
w When the adaptive feedback control has used up all of the adjustment allowed by the
manufacturer.
w Whenever the fuel control system fails to enter closed-loop operation (if employed)
within a manufacturers specified time interval.

For this application, NOx would be the only emissions constituent that could increase with a
fuel system malfunction. Due to the lean-burn operation of the engine, a rich shift would
increase emissions, but a lean shift would not. Therefore, a rich shift would be the only fuel
system monitor code required. Typically, a fuel shift is compensated or diagnosed with
oxygen sensor feedback. However, an oxygen sensor is not utilized for fuel control in this
application.

A fueling shift could be created by out of specification sensors or actuators. This application
utilizes open loop fuel control at all times, such that a shift in overall fueling will cause an
abnormal engine response. For a rich fuel shift, the engine response would be increased
torque at idle due to high torque sensitivity to Air/Fuel ratio at our given lean-burn operating
point. The impact would manifest itself as a shift in closed loop idle air control; less throttle
required to achieve the same desired engine speed. The monitor is applied such that when
the closed loop idle control throttle value exceeds the normal expected value for the current
operating conditions by a calibratable value, for a calibratable time period, an error will be
detected and the MIL will be illuminated. Roush is proposing to use this as the fuel system
monitor.

Related Issues
o Vacuum Leak
An “unmetered air” condition, such as a disconnected vacuum hose, would create a
leaner than normal mode which would have no detrimental impact on NOx

emissions.
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o Exhaust Leak
Since oxygen sensors are not utilized for fuel control, an exhaust leak would not
affect the fuel control and thus have no impact on NOx emissions.

5. OXYGEN SENSOR MONITOR
The OBD Il system shall detect a malfunction of the oxygen sensor(s) when any of the
following conditions exist:
5.1. Primary Sensor;

w Prior to any failure or deterioration of the oxygen sensor voltage, response rate,
amplitude, or other characteristics (drift, bias) that would cause a vehicle’s
emissions to exceed 1.5 x standards.

w Either a lack of circuit continuity or out of range values.

w The sensor output voltage, amplitude, activity, or other characteristics are no
longer sufficient for use as an OBD Il system monitoring device.

5.2. Secondary Sensor:

w Prior to any failure or deterioration of the oxygen sensor voltage, response rate,
amplitude, or other characteristics (drift, bias) that would cause a vehicle
emissions to exceed 1.5 x standards.

w Either a lack of circuit continuity or out of range values.

w The sensor output voltage, amplitude, activity, or other characteristics are no
longer sufficient for use as an OBD Il system monitoring device.

5.3. Sensor Heaters:

w When the current or voltage drop in the heater circuit is no longer within the
manufacturer’s specified limits for normal operation.

w Qpen or short circuits that conflict with the commanded state of the heater.

This application does not require Oxygen Sensor Monitoring as this application does not
utilize oxygen sensors for fueling control. The vehicle runs open-loop fueling operation at all
times (requested fuel/air equivalence ratio is 0.45 for all engine speed/load operation
conditions).

6. SECCNDARY AIR SYSTEM MONITOR
The OBD Il system shall detect a malfunction of the secondary air system prior to a
decrease from the manufacturer’s specified air flow during normal operation when any of the
following conditions exist:
w Prior to any failure that would cause a vehicle's emissions to exceed 1.5 x standards.
w No detectable amount of air flow is delivered.

This application does not require Secondary Air System Monitoring as this application is not
equipped with a secondary air system. A secondary air system was not original equipment
(OE) for this application.

7. EGRSYSTEM MONITOR
The OBD Il system shall detect a malfunction of the EGR system prior to an increase or
decrease from the manufacturer’s specified EGR flow rate when any of the following
conditions exist:
w Prior to any failure that would cause a vehicle's emissions to exceed 1.5 x standards.
w No detectable amount of EGR flow.

This application does not require EGR System Monitoring as this application is not equipped
with an EGR system. An EGR system was not original equipment (OE) for this application.
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8.

10.

11.

PCV SYSTEM MONITOR

The OBD Il system shall detect a malfunction of the PCV system when a disconnection of
the system occurs between the crankcase and the PCV valve, or between the PVC valve
and the intake manifold:

The PCV system is primarily desighed to route residual gasoline vapor from the crankcase,
to the intake manifold for combustion. It is a sealed system intended to prevent
hydrocarbons in the crankcase to vent to the atmosphere.

Hydrogen fuel contains no hydrocarbons, thus there will be no fueling related crankcase
vapor detrimental to the atmosphere. |n our application, a PCV system is employed, but we
believe that the PCV System Monitor is not required.

ENGINE COQOLING SYSTEM MONITOR
The OBD Il system shall detect a thermostat malfunction if within a time interval after
starting the engine either of the following two conditions exist:
w The coolant temperature does not reach the highest temperature required by the
OBD Il system to enable diagnostics.
w The coolant temperature does not reach a warmed-up temperature within 20°F of the
manufacturer's nominal thermostat regulating temperature.

o Subject to Executive Officer approval, a manufacturer may utilize lower
temperatures for this criterion upon the Executive Officer determining that the
manufacturer has demonstrated that the fuel, spark timing, and/or other
coolant temperature-based modifications to the engine control strategies
would not cause an emission increase of 50 or more percent of any of the
applicable standards.

This application does not require Engine Cooling System Monitoring as the calibrations for
fuel control, and spark advance are not modified as a function of coolant temperature.

The one exception is for the calculation of start fuel. Fuel to start is modified as a function of
coolant temperature at start, but not once the engine is running. The start fuel is decreased
as a function of time since the engine has started. Following the start, coolant temperature
is no longer used for any fuel nor spark calculation. There are no engine control strategies
based on coolant temperature that would cause an emissions increase of 50 or more
percent of any applicable standards.

COLD START EMISSION REDUCTION STRATEGY MONITOR

The OBD Il system shall detect a malfunction of the Cold Start Emission Reduction Strategy
prior to any failure or deterioration of the individual components associated with the Cold
Start Emission Reduction Control Strategy when any of the following conditions exist:

w Prior to any failure that would cause a vehicle’s emissions to exceed 1.5 x standards.

This application does not require Cold Start Emission Reduction Strategy Monitor because
this application does not incorporate a specific engine control strategy to reduce cold start
emissions.

AIR CONDITIONING A/C SYSTEM COMPONENT MONITOR

The OBD Il system shall detect a malfunction of the A/C System prior to any failure or
deterioration of an electronic component of the air conditioning system when any of the
following conditions exist:
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w Prior to any failure or deterioration that would cause a vehicle’s emissions to exceed
1.5 x standards.

This application does not require Air Conditioning system monitoring as no single electronic
component failure or deterioration causes emissions to exceed 1.5 x any of the appropriate
applicable standards, nor is used as part of the diagnostic strategy for any other monitored

system or component.

12. VARIABLE VALVE TIMIMG (VVT) SYSTEM MCNITOR
This application does not require VVT system monitoring as this application is not equipped
with a VVT system. A VVT system was not original equipment (OE) for this application.

13. DIRECT OZONE REDUCTION (DOR) SYSTEM MONITOR
This application does not require Direct Ozone Reduction (DOR) system monitoring as this
application is not equipped with a DOR system. A DOR system was not original equipment
(QE) for this application.

14. COMPREHENSIVE COMPONENT MONITOR

The OBD Il system shall monitor for malfunction any electronic powertrain
component/system not otherwise described in sections 1-13 of this document that wither
provides input to (directly or indirectly) or receives commands from the on-board computer
and:

w Can affect emissions during any reasonable in-use driving condition, or

w |Is used as part of the diagnostic strategy for any other monitored system or

component

Refer to attachment titled “H2ICE OBD Diagnostic List (081006) xlIs” for a complete list of all
components monitored.
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EMISSION TESTING RESULTS
Currently, all vehicle emissions testing were conducted at the Argonne MNational Lab, using
their 4-wheel chassis dynamometer, with dilution air scrubbing capability. The following are
results from emissions testing of this vehicle:

FTP75 Emission Results

FE
Date THC NOx co cO2 (mikg) |
_3/9/2006 | 00009 | 01236 | 0.0172 | 0.00 | 1360
3/10/2006 | 0.000S | 0.1281 | 00148 | 117 | 1371
7/11/06 0.0000 | 0.0579 | 0.0842 | 0.00 | 1389
7112406 0oo0o | 00641 | 00528 | 019 | 1403
TIER 2 — BIN 8 50k STDS.
NMOG NOx co
0.125 D14 | 34
HWFET Emission Results
FE
Date THC NOx co cO2 (mikg) |
__3/9/2006 | 0.0001 | 0.0863 | 0.0061 | 0.00 | 19.57
3/10/2006 | 0.0000 | 0.0642 | 0.008B4 | 023 | 1965
7/12/06 0.0000 | 0.0270 | D.0478 | 0.00 | 2057

Please contact me to further discuss our request for the approval of our OBD2 system. We are
anxiously awaiting the approval to sell this vehicle, and support the Hydrogen infrastructure that
is begin assembled in California and other parts of the world.

Sincerely,

Timothy Werner

Roush Industries

Emissions Lab Manager
734-779-7870

Email: tawern@roushind.com

TAW
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Appendix B

CARB Executive Order A-006-1340

—_ - T EXECUTIVE ORDER A-006-1340
| O asoaaEs SoaAD] | oA MOTORS coPoRATION = g Corlve Exines

Duty Using Cortifiad Eng

Pursuant to the authority vested in the Air Resources Board by Health and Safety Code Division 26, Part 5, Chapter 2;

and pursuant to the authority vested in the undersigned by Health and Safety Code Sections 39515 and 39516 and
Executive Order G-02-003;

IT IS ORDERED AND RESOLVED: The following diesel or incomplete medium-duty vehicles (MDV) with a manufacturer's
GVWR from 8501 to 14000 pounds are certified as described below. Production vehicles shall be in all material respects
the same as those for which certification is granted.

ENGINE DESCRIPTION

ENGINE FAMILY FUEL TYPE © ENGINE DBD
MODEL [ o s MANUFACTURER BMSSION STANDARDS | gizes (L) |ECS & SPECIAL FEATURES *|comeLi
TEAR - CATEGORY ? PROCEDURE ANCE
EXECUTIVE ORDER | GENERAL MOTORS Gasoline oo r
2006 A-008-1327 CORPORATION ULEV Otto o h2HO2S(2), SRI OBD(F)
WSS T = . R—
LPG or hicles Only VEHICLE DESCRIPTION
EVAPORATIVE FUEL TANK | VERIGLE
GAPACITY | MODEL VEHICLE MAKE & MODELS ENGINE | ENGINE MODELS / CODES | agyapy
FAMILY UL(K) | tganons) YEAR {L) (rated power, in hp) ANGE
cwxzosoooss | 130 " TK10: Chevrolel Sliverado 1500HD, GMC Slerra 1500HD; —
SGMXED300 26,27, 34 20 CK20: Gl Silverado 2500, S jo 2500HD; 6.0 LQ4 / 30 (300), LQ4
GMC Slerra 2500, Sierra 2500HD e 1 308); | OBOIFY
TK30: Ch Tet Slivers 3
6GMXE0300098 | 150 |26,27,34,50) 2006 ?Sva;%aa!hfr:-;;dn: 35512&: :;ﬂ.; C:hsg:linls e 6.0 LG4 / 30 (300), LQ4 / 40 (300) | OBD(F)
s G30: Chevrolet E [+ clal Cutaway 3500 -
SGMXE0300898 | 150 33, 57 2008 L o LRy i " 8.0 LQ4 / 30 (300) OBD(F)
BGMXE0300998 | 150 30 2008 Isuzu NPR; W35: Chevrolet W3500, GMC W3500 5.0 LG4 / 30 (300) OBD(F)
* =nol applicabie; GVWR=gross vehicle weignt rabing; 13 CCR xyz=iiie 13, California Code of Regulations, Section xyzZ; 30 CFR 86.abo-T10e 13. Eae a Feoeral

kstiter; hp=horsepawer: kw=kilowall;

5 CHG/LNG=compressediiquefied natural gas: LPG=liguefied petroleum gas; EBS=85% ethanacl fuel, MF=multi fuel a k.a BF=bi fuel; DF=dual fuel; FF=Nexble fue;
SULEV / ULEV f LEV=super ulira / ultra / fow ermiss:on vehicle;

alions, Seclion B6 85e,
({2004may26)

3 ECS=emission control syslem; TWCIOG=Ihree-way/oxdizing catalyst: WU (prefix) =warm-up calalyst, DPF=d late fiter; HO2ZSIC ] ygen sansor, HAFS

fuel-ralio sensar (a.ka., univarsal or inear oxygen sensor), TBI=throtile body fuel injection; SFIMFI=sequentialimuit port fuel inlection; DGl=direct L 1 Carnuretor;
IDVDDI=indirectidirect tesel injection: TC/SClurba/super charger; CAC=charge air cocler; st gas PAIR/ air injeclion; SPL=smake puf lirmter;
OBD{F) ! {P} / {$)=full / partial / partial with a fine / on-board diagnastic: ECM/P M=engine/powerirain control module; EM=engine lrmé;:a_n_m 2 (prefixj=paraliel; (2) {sufflx}=in series;

Foliowing are: 1) the FTP exhaust emission standards or family emission limit(s)} as applicable under 13 CCR 1956.8;

2) the EURO and NTE limits under the applicable California exhaust emission standards and test procedures for heavy-
duty diese! engines and vehicles (Test Procedures); and 3) the corresponding certification levels, in g/bhp-hr, for this
engine family. “Diesel” CO, EURO and NTE certification compliance may have been deﬂ-nc'ﬂstrategI by the manufacturer

as provided under the applicable Test Procedures in lieu of testing. (For dual- and fiexible-fuel, the CERT values in brackets [] are
those when tested on conventional test fuel.)

NMHC NOx NMHC+NOx co PM HCHO

FTP EURD FTP EURD FTP EURO FTP EURO FTP EURO FTP EURD
STD = - e X = - 14.4 = - i 0.050 -
FEL * . - 0 0.8 O g 0 = — = -
CERT - - - - 0.6 - 58 = - * 0.003 =
NTE . - . -4 -

g/bhp-hr=grams per brake horsepower-nour; FTP=Federal Test Procecure: EURO=Euro Il European Sieady-State Cycle; NTE=Nal-lo-Exceed st 5‘7‘.; or son les!

eap: FEL=family emisgion limt; CERT=cedificalicn level; NMHCIHC =non-methanety 1, MOx=coides of nitrogen; CO<carbon monaxide; PM=particulate matier; MCHO=formalsehyde;

BE IT FURTHER RESOLVED: Certification to the FEL(s) listed above, as applicable, is subject to the following terms,
limitations and conditions. The FEL(s) is the emission level declared by the manufacturer and serves in lieu of an
emission standard for certification purposes in any averaging, banking, or trading (ABT) programs. It will be used for
determining compliance of any engine in this family and compliance with such ABT programs.

BE IT FURTHER RESOLVED: The listed engine models have been certified to the optional emission standards and test
procedures in 13 CCR 1956.8 applicable to diesel or incomplete MDV with a 8501-14000 pound GVWR and shall be
subject to 13 CCR 2139(c) (in-use testing of engines certified for use in diesel or incomplete MDV with a B501-14000 pound GVWR).

BE IT FURTHER RESOLVED: The listed engine models have been certified to the Option 1 federal NMHC+NOx emission
standard listed above pursuant to 13 CCR 1956.8.

BE IT FURTHER RESOLVED: For the listed vehicle models the manufacturer has submitted the materials to demonstrate
certification compliance with 13 CCR 19865 (emission control labels), 13 CCR 1968.2 (on-board diagnostic, full or partial compliance), 13
CCR 1976(b)(1)(F) {evaporative emission standards}, 13 CCR 2035 et seq. (emission control warranty), and 13 CCR 2235 [fill pipes and
openings of motor vehicle fuel tanks]. (The braces {} are for gasoline, LPG or alcohol fueled vehicles only. The brackets [ ] are for gasoline or
alcoho! fueled vehicles only.)

Vehicles certified under this Executive Order shall conform to all applicable California emission regulations.
The Bureau of Automotive Repair will be notified by copy of this Executive Order.

Executed at El Monte, California on this 23 day of April 2005.
- LWty

Allen Lyons, Chief
obile Source Operations Division
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FINAL REGULATORY ORDER

This final reguiatory order consists of the following documents:

Attachment A:

Attachment B:

Attachment C:

Attachment D:

Attachment E:

Amendments to the "Caiifornia Certification and Installation
Procedures for Alternative Fuel Retrofit Systems for Motor
Vehicles Certified for 1994 and Subseguent Model Years”

Amendments to the "California Exhaust Emission Standards and
Test Procedures for Systems Designed to Convert Motor
Vehicles Certified for 1993 and Earlier Model Years to Use
Liquefied Petroleum Gas Fuels"

Amendments to the "California Exhaust Emission Standards and
Test Procecures for Systems Designed to Convert Motor
Vehicles Certified for 1993 and Earlier Model Years to Use
Alcohol or Alcohol/Gasoline Fuels™-

Amendments to Article £, Chapter 1, Division 3, Title 13 of
the California Code of Regulations

Amendments to Section 2030 of Chapter §
Amendments to Section 202! of Chapter 5

Section 1956.9 OCpticnal Exhaust Emissions Standards for
Petrcfitted haavy-Duty Engines
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ATTACHMENT A

MODIFICATIONS T0 THE
'CALIFORNIA CERTIFICATION AND INSTALLATION PROCEDURES
FOR ALTERNATIVE FUEL RETROFIT SYSTEMS FOR MOTOR VEHICLES
CERTIFIED FOR 1994 AND SUBSEQUENT MODEL YEARS®
AS DECIDED AT THE BOARD HEARING ON JULY 27, 1995
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State of Ca1ifornia
AIR RESOURCES BOARD

CALIFORNIA CERTIFICATION AND INSTALLATION PROCEDURES
FOR ALTERNATIVE FUEL RETROFIT SYSTEMS FOR MOTOR VEMICLES
CERTIFIED FOR 1994 AND SUBSEQUENT MODEL YEARS

AND FOR ALL MODEL YEAR MOTOR VgHIC%; RETROFIT SYSTEMS
CERTIFTED FOR EMISSION REDUCTION CREDIT

Adopted: ' March 11, 1993
Amended: April 26, 1995
Amended: November 21. 1995

Note: Changes approved by the Board on July 27, 1985, are indicated by
strike-out (deletion) and underline (addition).
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California Certification and Instai]afion Procedures
for Alternative Fuel Retrofit Systems for Motor Vehicles
Certified for 1994 and Subsequent Model Years

; £4

e TR el fop BGsicr Bt T

APPLICABILITY

- (a)

(b)

-Subseqqent Model Years

"Certification and Installation Procedures for Alternative Fuel
Retrofit Systems for Motor Vehicles Certified for 1994 and

" ("these Procedures”) apply to
alternative fuel retrofit systems designed for installation on
gasoline- or diesel-fueled light-, medium-, and heavy-duty_motcr

vehicles for 19¢4 and sybseqqentimodel years‘?;ng_jljg:ngx41g_£ugl_
Lﬂmﬁi—mhmmuiﬁﬂmmmummy_

regardless of mode] vear (MY) or fuel ysed,

Only these Procedures shall be used to certify a retrofit system
for installation on 2 transiticnal low-emission vehicle ("TLEY"),
low-emission vehicle (“LEV"), or ultra-low-emission vehicie
("ULEV") or to certify a retrofit system designed to convert a
vehicle to TLEV, LEV, or ULEV emission standards (as defined in
Section 1860.1, Title 13, CCR).

Each manufacturer shall certify a minimum of 15 percent of 1984, 53
percent of 1995, ii_ngcggnt_gi_lﬁﬂﬁi_and_100 percent of 19967 and
subsequent model year engine family retrofit system§ according to

'the requirements of these Procedures

"California Exhaust Emission Standards and Test
Procedures for Systems Designed to Convert Motor Vehicles Certified
for 1993 and Earlier Mode! Years to Use Liquefied Petroleum Gas or
Natural Gas Fuels," (for certifying liquefied petroleum gas or
natural gas retrofit systems) and "California Exhaust Emission
Standards and Test Procedures for Systems Designed to Convert Motor
Vehicles Certified for 1993 and Earlier Mode] Years to Use Alcohol
or Alcohol/Gasoline Fuels” (for certifying alcohol and
alcohol/gasoline retrofit systems) shall be used to certify the
remaining percentage of 1994, 1995, and 1988% model year engine
family systems and 1993 and prior model year engine family systems,
except as provided in paragraph 1.(b)

i t

from r of fi m
certified and shall be met prior to the end of the next respective
len

calendar vear,

A-1
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{e) A retrofit system manufacturer may as an option use these
Procedures to certify non-credit generating alternative fuel
retrofit systems designed for installation on pre-1994 model year
gasoline- or diesel-fueled light-, medium-, and heavy-duty motor
vehicles, with the following addition: the Executive Officer may
order 25,000 mile- durability vehicle testing for alternative fuel
retrofit systems designed for installation on pre-1994 model year
vehicles which include hardware or components other than the fuel
conversion system as part of the overall retrofit system.

T~
L]
~

A certification for an alternative fuel retrofit system issued
pursuant to these Procedures shall have the effect of a
certification of an alternative fuel retrofit system pursuant to
Health and Safety Code Section 43006+y. A certification for

retrofit equipment ytilizing any fuel. issued pursuant to these
regulations. amrdshall alsehave the effect of an exemption issued
pursuant to Vehicle Code Sections #27156 and 38395.

B

DEFINITIONS

"Alternative fuel" refers to liquefied petroleum gas, natural gas,
alcohol and alcohol/gasoline fuels.

An "alternative fuel retrofit system" er “retrefit system~is a package
of fuel, ignition, emission control, and engine components that are
modified, removed, or added during the process of modifying a motor
vehicle to operate on an alternative fuel.

"Driveability” of a vehicle refers to the smooth delivery of power, as
demanded by the driver. Typical causes of driveability degradation are
rough idling, misfiring, surging, hesitation, or insufficient power.
Conversion from gasoline to gaseous fuels usually entails a loss of
volumetric efficiency, resulting in some power loss. Normal power loss
shall not be considered to be driveability degradation.

"Dual fuel" refers to a retrofit system which utilizes both an
alternatjve fuel and a conventional fuel without further hardware
changeover reguijred.

“Installer" refers to a person who installs alternative fuel or credit-
generating conventional fuel retrofit systems on motor vehicles.
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"Retrofit system manufacturer™ or "manufacturer" refers to a person who
manufactures or assembles an alternative fuel it-generati
conventional fuel retrofit system for sale in California and requests
or is granted the Executive Order certifying the alternative fuel gr

credit-generating conventijonal fuyel retrofit system.

For purposes of these Procedures “useful life” is the duration,
expressed in miles, of the longest durability period for the new
vehicle or engine emission standards to which the vehicle or engine
family was certified. (This is typically 50,000 miles for light-duty
vehicles. However, as of the 1993 model year, & phase-in of new, more
stringent, light-duty standards with 100,000 mile useful .1ife
requirements will begin.) :

GENERAL REQUIREMENTS
(a) Product Specifications:

In addition to all other standards or requirements imposed, the
following general requirements shall apply to all alterpative fuel
regit- ratj j retrofit systems to be
certified for installation on California-certified gasoline or

diesel-fueled motor vehicles:

(1) Alternative fuel retrofit systems for gaseous fuels shall be
equipped with a lockoff valve, actuated by an electrical or
vacuum signal, preventing deiivery of fuel to the carburetor,

.or fuel injection system, while the engine is shut down.

- (11) The driveability of a vehicle equipped with a retrofit system
- shall not be degraded in such a way as to encourage consumer

tampering. To verify that the driveability.ef a retrofitted
vehicle is acceptable, ‘the Executive Officer may require that
an independent laboratery evaluate driveability. The Executive
Officer's determination that driveability must be evaluated
shall be based on an engineering evaluation of the retrofit
system described in the application for certification or on
reports or observations that retrofit systems similar in design
to the system for which certificatien is sought have caused
driveability degradation. The cost of this evaluation shall be
borne by the applicant.

(i1i) If the vehicle to be retrofitted was certified with an on-board
diagnostic (0BD) system pursuant to Section 1968 or 1968.1,
Title 13, California Code of Regulations (CCR), the proper
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function of the on-board diagnostic system shall not be
impaired as a result of the installation and operation of the
alternative fuel it- i i 1

retrofit system. This requirement may necessitate modification
of the OBD system to prevent it from storing erroneous trouble
codes (e.g., storing a code signifying faulty operation of the
evaporative canister purge valve because the evaporative
emission control system has been removed). ATl modifications
to 0BD components, programming or wiring, must be fully
"specified as parts of the retrofit system. If the retrofit
system includes modifications to.the OBD system, the applicant
must submit an analysis showing that these modifications will
not adversely affect OBD performance. Notwithstanding, for
18998 and previous model year vehicles, retrofit system
manufacturers may request Executive Officer approval to disable
specific on-board diagnostic monitoring strategies for which
monitoring may not be reliable with respect to the use of
alternative fuels (e.g., oxygen sensor response rate checks).
The manufacturer shall submit data and/or an engineering
evaluation to justify the ‘request.

(iv) With the exception of idle speed control and throttle position
control, no component or calibration of the fuel system that
could affect emission performance shall be adjustable by the
system instalier or the vehicle's user.

(b} Emission Control Labels:

"California Motor Yehicle Emission Control Label Specifications,”
incorporated by reference in Title 13, CCR, Section 1965, shall
apply to installations of alternative fuel gor credit-generating
conventional fuel retrofit systems, with the following additions:

(1) The retrofit system manufacturer shall provide a supplemental
Emission Control Information label, which shall be affixed in a
permanent manner to each retrofitted vehicle, in a location
adjacent to the original Emission Control Information Label. -
If the supplemental label cannot be placed adjacent to the

roriginal label, it shall be placed in a location where it can
be seen by a person viewing the original label.

(ii) The supplemental label shall elearly state that the vehicle has
beern equipped with am altermatwie fuel rFeterfit system desigred
te aldew it te eperate oRn a fuel eiher thar gaselime eF diesels
ard shall ddentify the fuelfs> which the vehicle is designed te
use- The Jabedshall show the vehicle model year; the Executive
Order number certifying the retrofit system; the retrofit system
manufacturer's name, address, and telephone number: and shall
state that the retrofitted vehicle complies with Califernia
emission requirements. If the retrofit system has been -
certified as being capable of converting the vehicle into a Iier
1. TLEV, LEY, or ULEV, the label shall prominently display the
title, “Tier 1 Vehicle.” “"Transitional Low-Emission Vehicle,"
"Low-Emission Vehicle,* or "Ultra-Low-Emission Vehiclie," as
appropriate. If the retrofit svstem has been certifijed for
credit-generation yse on g heavy-duty vehicle, the Jabel will
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The labe)
shall also list any original parts that were removed during
instaillation of the retrofit system, as well as any changes in
tune-up specifications required for the retrofit system. 1In
addition, the label shall show the instailer's name, address,
and teiephone number; the date on which the retrofit system was
installed; and the mileage (retrofitted vehicle odometer
reading) and date at which the retrofit system warranty expires.
It is not necessary for emission control labels installed with

retrofit systems to be machine readap]e. Jhe supplemental Jabel

(iii) The retrofit system manufacturer shall provide 2 vacuum hose -
routing diagram for each gj;g:n;;;xg_iugl_retrof1t system sold,

bose routing. The vacuum hose routing diagram shall be placed
underhood in a2 permanent manner at a visible and accessible
location and shall show modifications to the original vacuum
system.

(c) Owner's Manuals:

Each retrofit system installed shall include an owner's manual
containing at least the following information:

(i) @ brief description of the retrofit system, including major
components and their theory of operation;

(11) the correct refueling procedure for alternative fuel retrofits;

(iii) a listing of necessary service and service intervals, as well as
tune-up data, which differ from the service reguirements
specified by the vehicle's or engine's original manufacturer;

(iv) the name, address, and phone number of the installer, as well as
a list of the names, addresses, and phone numbers of the ma jor
dealers in California who supply parts for, or serv1ce. the
retrofit system; and

(v) warranty information.
(d) Manufacturer Recordkeeping Requirement:

Manufacturers of retrofit systems shall maintain a record of the
vehicle jidentification numbers and California license plate numbers
of those vehicles on which their product has been installed. As
part of this record, manufacturers shall identify the installation
date and the certification number of those systems installed on
each vehicle and shall identify the vehicles' owners at the time of
installation, inciuding the owners' current addresses and phone
numbers at the time of instaliation. The retrofit system
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(e)

manufacturer shall supply a copy of all installation information te
the Executive Officer upon request. .

Instaliler Recordkeeping Requirement:
Instailers of retrofit systems shall maintain 2 record as specified

in paragraph 3(d) ‘and shall provide this information to retrofit
system manufacturers upon request.

REQUEST FOR CERTIFICATION

(2)

(b)

(c)

A request for certification of an alternative fuel or credit-

g i i retrofit system may be submitted by an
authorized representative of the retrofit system manufacturer
intending to offer the retrofit system for sale or installation in
the State of California. -

A separate request shall be required for each model year, even
though the emission standards for certifying new vehicles may be
the same for consecutive model years. The request shall include
all test data and other information required pursuant to these
Procedures, except where other provisions of these Procedures allow
carry-over or carry-across of test data from an engine family to
the engine family(ies) for which certification is sought.
Procedures governing carry-over and carry-across are discussed
under paraqgraph 6, "Approval."

The request for certification shall be submitted in writing, signéd
by an authorized representative of the retrofit system
manufacturer, and shall include the following:

(i) Identification and description of the engine families for which
the retrofit system to be certified is designed; the emission
standards applicable to those engine families; and if
applicable, a statement that the retrofit system is designed
[A] to convert conventional vehicles into either TLEVs, LEVs or
ULEVs, [B] to convert a TLEV into either an LEV or ULEY, eF
[C} to convert an LEV into a ULEV. _[D] to convert 1994 or

jer hicles. or [E1 te
convert heavy-duty vehicles for emission reduction credit For
i h redj tandar r ifi ion
h o > i & (] r f-
e . - .
Calif 2 F R Tat i -

" (i1) A compiete description of the alternative fuel retrofit system,

including details of the carburetor, mixer, regulator,
vaporizer, or fuel injection system; the feedback mixture
control system (if applicable), part number(s), calibration
data, hose routing, specifications for the fuel tank, and
pressure regulator; a sample of the emission control label as
specified in 3.(b); a sample of the warranty statement as
specitied in 9(a) and (b); and all necessary modifications te

the engine, emission control system, or other parts of the
vehicle.
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5.

(i1i) Procedures for installing and maintaining the retrofit system,
including tune-up specifications and discussion of any special
tools or techniques required for proper installation,
maintenance, or operation.

(iv) An agreement tc supply the Air Resources Board, within 45
calendar days of the Executive Officer's request, with any one
or more of the vehicles used for certification testing, or to
provide Air Resources Board personnel with the equipment to
~inspect and test such vehicles at the applicant's facility, if
requested by the Executive Officer.

{vii) For conventional fuel retrofits for credit-generation. the_
components of the retrofit svstem and part number(s),

TEST PROCEDURES

(a)'Description of Vehicle Categories:

For the purposes of these certification Procedures, the motor
vehicle fleet is divided into three major categories:

I. Passenger cars, light-duty trucks, and medium-duty vehicles as
defined in “California Exhaust Emission Standards and Test
Procedures for 1988 and Subsequent Model Passenger Cars, Light-
Duty Trucks, and Medium-Duty Vehicles" (as incorporated by
reference in Section 1960.1, Title 13, CCR), which were
certified to an exhaust emission standard based on a chassis-
dynamometer test procedure;

II. Vehicles with gross vehicle weight ratings less than or equal
to 14,000 1bs and not originally certified to a chassis '
dynamometer-based exhaust emission standard: and

ITI. Vehicles with gross vehicle weight ratings greater than 14,000
1bs.

(b) Test Procedures for Vehicles in Category I:

i i a r rtif nder rov
the alternate test procedyres given inm S5{qg},
A=F
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For vehicles in Category I, the emission standards and test
procedures set forth in the “California Exhaust Emission Standards
and Test Procedures for 1988 and Subsequent Model Passenger Cars,
Light-Duty Trucks, and Medjum-Duty Vehicles" also apply to the
certification of alternative fuel gr credit-generating conventiona]
fuel retrofit systems, with the following exceptions:

(i)

(11l

(iii)

(iv)

The applicable emission standards shall be at least as
stringent as the emission standards appiicable to the engine

. families for which the retrofit systems to be certified are

designed. For credit-generation. the applicable emission

1 . r . -
- . N » r a 1- 1-

standards for the two fuels shall be no more than one tier
apart. In addition, vehicles retrofitted to operate on a given
alternative fuel shall also be subject to any additional
emission standards applicable to new motor vehicles that are
designed to operate on the alternative fuel, and that are of
the model year and vehicle class for which certification is
sought. A maximum of one emission-data vehicle per engine
family for which certification is sought shall be required.
Where durability testing is required, a bench-test vehicle may
be substituted for a durabiiity vehicle and may also be
considered an emission-data vehicle. Prior to the commencement
of testing, the choice of durability vehicle or bench-test
vehicle, emission-data vehicle(s) and engine(s) must be
approved by the Executive Officer as being representative of
the range of engine families for which certification is sought.

For the purpose of applying the provisions of the “"California
Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-
Duty Vehicles" to certification testing of alternative fuel or
credit-generating conventional fyel retrofit systems, test
vehicles equipped with an alternative fuel = i
conventiopnal fuel retrofit system shall be assumed to have zero
miles of mileage accumulation at the time that the retrofit
system is instalied. Mileage may be subsequently accumulated
by driving the vehicle on the road, following a typical
suburban route, or on a chassis dynamometer using the
Automobile Manufacturer's Association mileage accumulation

cycle (40 C.F.R., Part B6, Appendix IV, as adopted January 28,
1877).

Yehicle mileage accumulation on a durability vehicle or bench
aging of retrofit system components shall be conducted to
determine deterioration factors. Prior to the commencement of
any emission or bench aging, the applicant's test plan must be
approved by the Executive Officer. Approval of the test plan
shall be contingent upon a demonstration by the applicant that
bench aging produces deterioration factors at least as great as
durability vehicle testing.

Bench aging conducted in lieu of vehicle mileage accumulation
shal) be conducted for a period of time such that the resulting
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(v)

(vi)

(vii)

deterioration of the retrofit system is equivalent tc that
which would occur during durability vehicle mileage
accumulation over a milieage equal to the useful 1ife of the
vehicle.

Vehicle mileage accumulation on a durability vehicle shall be
performed in conjunction with emission testing. Before
beginning vehicle mileage accumulation of the retrofit system,
the system shall be installed on the durability vehicie, the
vehicle shal]l be driven 4,000 + 100 miies and then tested. An
n11g:na;lxg_Ingj_gg;;gﬁlt_theveh1:le shall be tested using the
alternative fuel. A dual-fuel retrofit system shall be
emission tested using each fuel that it is capable of operating
on. At the conclusion of vehicle mileage accumulation, a
second emission test or series of tests shall be performed.

Alternatively, if bench aging is used to determine
deterioration factors, then bench aging shall be performed in
conjunction with emission testing of a bench-test vehicie.
Before beginning bench aging of the retrofit system, it shall
be installed on the bench-test vehicle, the vehicle shall be
driven for 4,000 + 100 miles, and the vehicle shall then be
emission tested

using the alternative fuel. A dual-fuel retrofit system shall
be emission tested using each fuel that it is capabie of
operating on. After the emission tests are completed, the
retrofit system shall be removed from the vehicle and subjected
to bench aging. At the conclusion of bench aging., the retrofit
system shall be reinstalled on the bench-test vehiclie, and a
second emission test or series of tests shall be performed.

For exhaust emissions of each regulated pollutant measured
during the vehicle mileage accumulation or bench-test
procedure, a deterioraticn factor shall be calculated by
dividing the emission rate obtained during the second emission
test by that obtained during the first., If the resulting
quotient is less than one, the deterloratIOn factor shall be
assigned a value of one. The deterioration constant for
evaporative emissions shall be calculated by subtracting the
evaporative emissions found during the first emission test from
those found during the second test. If the resulting
difference is less than zero, the deterioration constant shall
be assigned a value of zero.

Choices of vehicle mcdels. engines, and transmissions for use
in emission-data vehiclies shall be approved by the Executive
Officer as being representative of the engine families for
which certification is sought, prior to the commencement of
testing Following installation of the retrofit system, the
emission-data vehicle shall be driven 4,000 + 100 miles to
stabilize emission rates. After the Spec1f1ed mileage has been
accumulated, the emission-data vehicles' exhaust and
evaporative emissions, where applicable, shall be tested, using
the appropriate procedure as set forth in “California Exhaust .
Emission Standards and Test Procedures for 1988 and Subsequent
Model Passenger Cars, Light-Duty Trucks, and Medium-Duty
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Vehicles.” Dual fuel vehicles shall be emission tested using
each fuel that the vehicle is capable of operating on.

{viii) The deteriorated emissions of emission-data vehicles shall be
calculated using the detericration factors and constants found
during vehicle mileage accumulation er bench testing. The
useful Tife exhaust emission values are defined as the product
of each emission value at 4,000 miles times the corresponding
deterioration factor. For evaporative emissions, the
certification emission value is -equal to .the sum of the
emissions measured at, or extrapolated to 4,000 miles, plus the
deterioration constant. The durability vehicle, bench-test
vehicle, and all emission-data vehicies shall meet the
applicable new vehicle useful Tife emission standards, as well
as all applicable emission standards for intermediate mileage
levels, for the vehicles' model year-and fuel type(s).

(c) Test Procedures for Vehicles in Category II_Not Being Certified for
Credit-Generatjon Purposes: .
- 3 . . —_— . bd
—3%—5Jff—1n-53;ﬁ39;——1;—n91—hﬁln9Tfg5I%fl3ﬂ—fgﬁ—sﬁfilLJm“LJEEHJIx—
given ip 5{(q),

For durability, bench-test and emission-data vehicles in Category
I1, test vehicles shall have accumulated a total mileage greater
than 4,000 miles and Tess than 10,000 miles with the originail fuel
system, prior to emission testing. If the manufacturer chooses to
use the option as described in 1¢k3 (e) for pre-1994 model year
vehicles, then the 10,000 mile l1imit shall not be applicabie. A .
test vehicle's engine and emission control system shall be equipped
and calibrated as certified. The vehicle shall then be tested for
exhaust and, if applicable, evaporative emissions using the test
procedures set forth in the "California Exhaust Emission Standards
and Test Procedures for 1988 and Subsequent Mcdel Passenger Cars,
Light-Duty Trucks, and Medium-Duty Vehicies". The inertia weight
setting shall be equal to the average of the vehicle's curb weight
and gross vehicle weight rating and road load horsepower based on
the frontal area of the vehicle without modifications, as
determined in "California Exhaust Emission Standards and Test
Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles," Section 9.b. The test results
shall be defined as the baseline emission rates. After the

baseline emission rates have been measured, the retrofit system
shall be installed.

(1) The procedures outlined in paragraphs 5(b)(iii) through
S(b)(vi) shall be used with the following modifications:
“useful 1ife" shall egqual 12C,000 miles for vehicles in
Category II; the durability cr bench-test vehicle's emission
rates of regulated pollutants measured at 4,000 + 100 miles
after the installation of the retrofit system shall not exceed
1.10 times the baseline rates; the deteriorated exhaust
emissions of regulated poliutants preojected to 120,000 miles
shall not exczed 1.3 times the baseline emissicns; and the
deteriorated evaporative emissions of regulated pollutants
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projected to 120,000 miles shall not exceed the basejine
emissions plus 0.5 grams.

(ii) When the Executive Officer determines that deterioration
factors determined in paragranh 5(c)(i) may be carried acraoss
or carried over to other engine families in Category II, the
reprasentative emission-data vehiclies shall be tested as
specified in paragraph 5(b)(vii). Emission rates measured at
4,000 + 100 miles after installation of the retrofit system
shall not exceed 1.10 times the vehicles' baseline rates.

(d) Test Procedures for Vehicles in Category III_Not Being Certified
for Credit-Generation Purposes: :
Vehic] in Cat 11 T tified f it Lif
ynder fhese provisjons, or under the alternate test procedures

7 in 8(q) _
Applicants requesting certification for retrofit systems for use in
Category III vehicles shall submit a test plan utilizing eight mede
ehassis dyramemeter testing, subieci to the Executjve Qfficer's
aporoval, te verify that the retrofit system will not cause excess
emissions from engine families for which certification is sought.
Test vehicles shall have accumulated a total mileage greater than
4,000 miles and jess tham 185000 miles with the original fuel
system prior to emission testing. If %he manufacturer g¢heoses %ie
Wse the optien as dessribed 4n 1{b}_fer pre-1994 medel year
veRisiesy them the 105000 mile Iimit shall met be applicabler A
test vehicle's engine and emission control system shall be equipped
and calibrated as certified. The vehicle shall then be tested for
exhaust emissions using the eight mede ehassis dynamemeier test as
specified in the test plan. The test result shall be defined as
the baseline emission rate. After the baseline emission rate has
been measured, the retrofit system shall be installed. Emission
rates shall then be measured at 4,000 + 100 miles after
installation of the retrofit system using the eight mede ehassis
"dynamemeter test specified in the test plan. :

¢+3 Subjeet te the Exeecutive Gfficeris appreval ef the applicanils
test pian prier te commencing testinrgr testing wiilizing
precedures ether thar the eight mede ehassis dymnamemeter test
shall be allewed: -

(i4) Emission testing shall be conducted to cetermine exhaust
emission rates of carbon monoxide and the sum of non-methane
hydrecarbons plus nitrogen oxides. Emissions shall not exceed
1.10 times the baseline rates. '

(i14) The procedures cutlined in paragraphs E(b){(iii) through
S(b)(vi) shall be used with the following modifications:
"useful 1ife" shall equal 180,000 miles for vehicles in
Category III; the durability cr bench-tast vehicle's emission
rates of €O, and the sum of non-methane hydrocarbons plus NOx
measured at 4,000 + 100 miles shall nect exceed 1.10 times the
baseline rates; the deteriorated exhaus: emissions projected to
180,000 miles shall not excsed 1.3 times the bassiine
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(dviid

(iv)

{v4)

)

emissions; and, the deteriorated evaporative emissions
projected to 180,000 miles shall not exceed baseline emissions
plus 0.5 grams. For the purposes of this section, the
evaporative baseline emissicns shall be estimated by the
manufacturer based on good engineering principles and Jjudgment.
The manufacturer's test plan shall specify the evaporative
baseline emissions estimate anc describe how this estimate was
derived.

The Executive Officer may allow carry-across of durability data
from certification bench testing of retrofit systems designed
for vehicles in Categories I or II to Category III retrofit
system applications, if the Executive Officer determines that
the carry-across durability data will adequately represent the
durability performance of the retrofit system to be certified.

Applicants requesting certification for retrofit systems
designed to allow Category III vehicles to operate on an
alternative fuel in addition tc diesel fuel shall conduct smoke
opacity testing on the emission-data vehicle(s) utilizing the
peak smoke cpacity standards and procedures set forth in
"Heavy-Duty Diesel Vehicle Smcke Opacity Test Procedure,” as
incorporated by reference in Title 13, CCR, Section 2182.
Smoke opacity testing shall be conducted using each fuel that
the retrofitted vehicle is designed to operate on. The
applicable peak smoke opacity standard shall be that set for
the model year for which certification is sought.

The selection of duty cycle(s) and a1l other aspects of the
test procedure shall be subject to approval by the Executive -
Officer, and emission testing shall commence only after the
Executive Qfficer has approved the test plan. The Executive
Order shall be issued following review of the test data and
determination that they meet the criteria specified in the test
plan.

Lﬂleﬂ;mmym_tu&hiﬂumcorv I Certified for Emission_
Reduction Credil

b

n r r jed for i r ion
isi r dfern 1 ivan in

W w i i

Ihe procedures outlined in paragraphs §(c)(i) and (ii) shall be

)

rtifi jon for it-gensratign r 11
r fi i v i ilizj in
vnameme+t n_the i i pinati
T - edur hall phe m rocadur e
ce~tifv the engine family wher new.

<

(ii) Emissions for anv pollytart skall not sxces h line rate
v_mor f r of 1.10. lin iggsions for pre-
s-retrofi m ison pur 25 will rfiti i
"emisgion levels determined curing the oricinal engine famil

goartiTication, excent:
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[8] i n v n ar r 1
ar n +thanol- or nol- d
W ca 1 r r
F ] - 2 3 v 1994
1 i i n 1- _or 1=
1 r W hv
al r

(111) . ifat . 1 .
i r i rv IT
“De . tad [ ! iccion lected to tf ful 1if
e i r r f f
1.30, except for the pol lutant(s) for which credits will be

generafed, which wil]l nof exceed the cradit standard declared
on the certification application as reguired under 4(c)(i),
Ihe deterigrated evaporative emissions, if anv. projected to

1h:.u§:fu1 life shall not exceed baseline emissions.
o) . i - - I
%5ﬁ1—fF95=g"53%—1RE—1ﬂh191ﬁi——ﬂ—5513995i-11——Liiili—ﬂﬂ—iﬁ-imliiigﬂ-

(),
Ibe procedyres oytlined jn paragraohs S(dY(i) through (v} shall be
wi ifi i igted in Bfed(i) through S(e)(iii),
Pr re for hig] i tegorv I, or for
Vehijcles in Categories I7, or ITT Not Being Certified for Credit
Generation Purposes
The rnanu_facturﬂr- shall sybmit dets from duyranilijtv testirg
n a ha ta ~ il -} £ im w V ‘l i r engin

the retrofit svs gm based on revicew pf the =yrahility
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(1) Ihe retrofj : it _ger
arj r ign f = Th= m f r shall! submit test
risti wean
I.h.:_e.Lo.ﬁ_t.tnd_mJ_cJ_e_q_e_-.q_'n.e and the original
T manuyf rer
! i Eilitv of the

Lﬂmm_t_s_s.um._thg_mmu_as_mu__s_gﬂ also submt a_test

{(iv) ~ V¥ehicl in t r I m h i f

th Aljggnjjg_Test P'ccedure for Yehicles in Cg;ggg y Il or Categorwv

rtifi for neration r

.Ihe procedursc out11ng¢,1n 5(g) sha'l be ysed, with the following
modificaticns:

(1) The manufactyrer shall alse mg‘L_L_g_;gcu1rements in
87e)li) and S{e)(ii)

£igy Deteriorated ysefyl life emissions based on durahbility
Lasting shal' not exceed the original equicment

manyfacfurer engine gcertification 1 ye) m
Lhan a fagtor of 1.30, excen=- faor thg_ggljg;ggkijl_ig;_
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As required ynder 4(c)(i}, Th j

. .

i g deterjorated evaporative
emissions, if any, projected to the teefu] life. chall not
gxceed baseline emissions,

6. APPROVAL
(a) Issuance of Executive Orders:

If, after reviewing the test data and other information submitted
by the retrofit system manufacturer, the Executive Officer
determines that the retrofit system meets .the -applicable emission
standards or the criteria of an a2pproved test plan, as applicable,
an Executive Order shall be issued certifying the retrofit system
for sale and installation on vehicles in the engine families
specified in the application. The Executive Order shall specify,
if applicable, that the retrofit system is certified as [A]
converting a coanventional motor vehiclie “into a TLEY, LEY or ULEY,
[B] converting a TLEV into a LEV or ULEV, er[C] converting a LEV
into a ULEV_or [D1 for heavv-duty credit conversions, the

{b) Carry-Over and Carry-Across:

[EAY Carry-over of emission test data from the previous model
year to the following model year will be allowed, if the
Executive Officer determines that the carry-over data will
adequately represent the emissions performance of the
retrafit system to be certified.Carry-across to simiiar
engine families will also be allowed.

ign n it
11l T includi iniect timi t 2]
jdentical.)

Liij) Applications for carry-over and carry-across must be
accompanied by an engineering analysis demonstrating that
the emissions and durability of the retrofit system and
engine family for which certification is being sought will
be adequately represented by a certified retrofit
system/engine family application.

(iv) Applications for carry-over and carry-across will be
evaluated according to the the criteria contained in EPA
Advisory Circular 17F, which is incorporated herein by
reference, and paragraph 4.9+4 ¢ .8 of the "California
Exhaust Emission Standards and Tes: Procedyres for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and
Medium-Duty Vehicles."” These include, but are not limited
to, similarity of catalyst locaticn and configuration,
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- similarity of fuel metering system, similarity of emission
control system Jogic and design, and similarity of any
other features that may affect the durability of the
retrofit system's emission performgnce.

7. INSTALLATION REQUIREMENTS

(2) Prior to releasing a converted vehicle to the consumer, the
installer of an alternative fuel por gredit-generati aventi
fuel retrofit system shall submit the converted vehicle to z Bureau
of Automotive Repair Referee Smog Check Station for inspection and

testing gxceot as provided in 7 (b).

(i) The installer of an alternative fuel gr credit-generating
conventional fyel retrofit system shall keep a copy of the
certificate of compliance, issued by the Bureau of Automotive
Repair Referee Smog Check Station, a3 part of the record
specified in paragraph 3(e). The certificate of compliance
shall contain, but need not be limited to, the following: the
vehicle's identification number, the vehicle's model year and
make, the date of installation, and the emissions category to
which the retrofitted system is certified (i.e., conventional
vehicle, TLEV, LEV, or ULEV) or. for heavv-duty vehjcles. the

/1 whieh *1 ! = i

. The original
certificate of compliance shall be submitted to the vehicle

owner upon the vehicle's release.

(1i1) The installer of an alternative fuel adit- rati
conventfonal fuel retrafit system shalj not release the
converted vehicle to the consumer withbut the issuance of a
certificate of compliance for the vehicle by a Bureau of
Automotive Repair Referee Smog Check Station.

(ii1) The installer of an alternative fuel gr credit-generating

conventional fye] retrofit system shall aiso mest the

requirements of paragraph 3(c¢).

jlar

i i v i
submit ten vehicles with engines from similar

engipe families, retrofitted with the same kit, to 2 Byreay of
Automotive Repair Station as provided in 7 (a){i) and 7 (a){ii}).

L3} If all ten vehicles receive a certificate of compliance. for
" " subseguent applications of the same tvpe, the installer need
only sybmit every tenth retrofitted vehicle te the Byreau of
Automotive Repair pursyant to 7 (a)(i) and 7 (a)(ii) . For the
cemaining vehicles included in the alternative inspec*ion

schedyie that are not submitted %e the Bureay of Aytometive
Repajr. the installer shzll maintain a record of the vehicle's
i ifi ign nymber, the veniclie's model vear and make. tha
engine size. the manufactyre~ and fyel tvpe of the retrofit
Kit, the date of installaticn. and the emissions cateqory ta
which the retrofitted svstem ig certifiad (j.e.. conventiona]
vehicie, TLEV, 15V, or ULZV) or for heavy-dytv vehicles, the

gredit stgndard to which t9e svstam ig¢ rertified The Air

A-1
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8. IN-USE ENFORCEMENT TEST REQUIREMENTS

(a) Manufacturers of alternative fuel : it- i i 1
fuel retrofit systems shall, upon order by the Executive Officer,
perform in-use enforcement emission testing of their products. The
Executive Officer may order in-use enforcement emissian testing of
‘not more than 20 percent of a manufacturer's certified retrofit
systems/engine family applications per y!Jr. If 20 percent .
constitutes less than one of a manufacturer's certified systems,
the Executive Officer may order in-use enforcement emission testing
of not more than one certified -system/engine family application per
year. Manufacturers shall be required to perform emission testing
of not less than ten vehicles per certified retrofit system/engine
Tamily application selected by the Executive Officer for in-use
enforcement emission testing. Upon order by the Executive Officer,
manufacturers shall perform the appliicable emission tests pursuant
to the following: ‘

(i) No vehicie shall be accepted by the manufacturer as a
representative vehicle for enforcement testing unless the
fellowing criteria are met:

(1) California certified and registered.

(2) Odometer indication of less than certified useful-life
mileage and vehicle age within useful-life time period.

(3) Nc indicatien of abuse (e.g., racing, overicading,
misfueling, or other misuse), neglect, improper
maintenance or other factors that would have an effect
on emission performance.

(4) No major repair to engine or major repair of vehicle
resulting frem callision.

(5) Lead content of fuel sample from the vehicle tank meets
‘applicable standards.

(6) No indication of any problem that might jeopardize the
safety of laboratory personnel.

(11) The manufacturer shall, under ARB supervision, perform
diagnosis or restorative maintenance on those vehicles selecteg
for in-use enforcement testing. The manufacturer or a
laboratery approved by the Exezutive Officer shall (1} identify
part numbers of all essential emission control system
components; (2) check air filter, all drive belts, all fluid
levels, radiater cap, all vacuum hoses and electrical wiring
related to emission controil for integrity; check fuel metering
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(iii)

(iv)

(v)

and emission contrel system components for maladjustments
and/or tampering, and record all discrepancies:; (3) check
ignition system with oscilicscope and replace any defective
components; i.e., spark plugs, wires, etc.; (4) check
compression; (5) check and acdjust engine parameters to
manufacturer's specifications; and (&) perform maintenance if
the vehicle is within 500 miles of scheduled maintenance
service.

-For vehicles in Category I, the manufacturer or a laboratory

approved by the Executive Officer shail perform the applicable
emission test procedures set forth in the “Califernia Exhaust
Emission Standards and Test Procedures for 1988 and Subsequent
Model Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles.” The applicable emission standards shall be the
vehicle's useful life standards as well as any intermediate
emission standards, as stated in the Executive Order.

For vehicles in Category II_not certified for credit
generafion, in-use enforcement exhaust and, if applicabie,
evaporative emissions shall be performed using the test
procedures set forth in the “Califernia Exhaust Emission
Standards and Test Procedures for 1888 and Subsequent Model
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles"..
The inertia weight setting shall be equal to the average of the
vehicle's curb weight and gross vehicle weight rating and road
load horsepower based on the frontal area of the vehicle
without modifications, as determined in *"Califernia Exhaust

- Emission Standards and Test Procedures for 1988 and Subsequent

Model Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles,” Section $.b. For vehicles in Category III_not
certified for credit generation, in-use enforcement exhaust
emission tests shall be performed in accordance with the test
plan approved by the Executive Officer prior to certification
testing of the engine family applications specified for in-use

enforcement testing._ For vehijc]l n i
whi ertif{ i rati in= nt
will ist aty he pr
j f ) {f) jve
2s provided for in paragraph 8(ad(viij)., below

The applicable exhaust emission standards for vehicles in
Categories II and III shall be the baseline emissicn rates
established during certification testing of the engine family
applications specified for in-use enforcement testing times 1.3_
rovi i ra2nn Y and 5(f) for credit
ratin vst . The appliicable evazporative emission
standards for vehicles in Categories II and III shail be the
baseline emission rates esta-lished during certification
testing of the engine family applications specified for in-use
enforcement testing plus 0.5 grams_excent as prgvidad in

paragraphs 5(e) and S(f) for cradit e@amerating svs-ams.

Manufactursrs shall completz in-use enfcorcement testing within
& months of the issuance of the in-use ccmpliance testing order
ard shall submit all test data to the Exscutive 07fficer within
30 calencar days following zzmpletion of testing.
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(vii) Fellowing review of manufacturer in-use enforcement test data,
the Executive Officer may conduct confirmatery in-use
enforcement testing.

(viji}

(o)

IT the results of the in-use vehicle emission tests conducted
pursuant to paragraphs 8(a)(i) through 8(a)(viii) indicate that the
average emissions of the test vehicles for any pollutant exceed the
app11cab1e emlssxan standards

, the entire vehicle population so.
represented shail be deemed to exceed suth standards. Upon order
by the Executive Officer, the manufacturer shall have 45 days to
submit an influenced reca11 plan in accordance with Sections 2111
through 2121, Titie 13, CCR. If no such recall plan is submitted,
the Execut1ve Cfficer may order ‘corrective action including recaII
of the affected vehicles in &ccordance with Sections 2122 through
2135, Title 13, CCR. For the purpose of these Procedures, the term
"manufacturer,“ as referenced in Sections 2111 through 2128, Titie
13, CCR, shall mean "retrofit system manufacturer.”

9. WARRANTY REQUIREMENTS

(a)

(b}

Requ%rements of Manufacturers:

The manufacturer of an alternative fuel gor gredit-generating
conventignal fyel retrofit system shall warrant to the person
having the vehicle retrofitted and to each subsegquent purchaser of

the veh1c1e that the alternative fuel gr credjt-generating
retrofit system is designed and manufactured to

.conform with the applicable requirements of these Procedures and is

free from defects in materials and workmanship which cause the

" alternative fuel or credit-gepnerating conventional fyel retrofit

system to fail to conferm with the applicable requirements of these
Procedures or cause damage to any part on the retrofitted vehicle.
This warranty shall be effective for three years or 50,000 miles,
whichever first occurs, of customer service, and shall cover the
full repair or repiacement costs inc1uding the costs of diagnesis,
labor, and parts (including any part on the retrofitted vehicle
that is damaged due to a defect.in the alternative fue) g__s;gdllﬁ
geperating conventional fyel retrofit system).

Extended Warranty Regquirements:

Each manufacturer of an alternative fuel gr_credit-generating
conventional fuel retrofit system shall identify in its application

fer certification the warranted parts whose individual repliacement
cest, at the time of certificaticn, exceeds the cost limit defined
in paragraph 9(b)(i). The replacement cost shall include the cost
of the diagnosis, parts, and labor. The costs shall be those of
the highest cost metrecpolitan area of Caiifornia. Each
manufacturer shall warrant to.the person having the vehicle
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retrofitted and to each subsequent purchaser of the vehicle that
those parts identified in its application for certification as
exceeding the cost limit defined in paragraph 8(b)(i) are free fraom
defects in materials and workmanship which cause the alternative
fuel it-generati vent i retrofit system to fail
to conform with .the requirements of these Procedures or cause
damage to any part on the retrofitted vehicle, for seven years or
70,000 miles, whichever Tirst occurs.

(i) The cost limit shall be calculated using the following
equation: : '

Cost limit, = $300 X (CPI__,/121.9)

where:
Cost Iimitn is the cost 1imit for the year in whjch the
alternative fuel gor it~ i ve!

retrofit system is to be certified.

n is the year in which the alternative fuel or credit—
r ¥ i retrofit system is to be
certifieq- .

CPI is the annual average consumer price index for California
published by the United States Bureau of Labor Statistics.

(ii) The cost 1limit shall be revised annually by the Executive
- Officer. The highest cost metropolitan area in California
shall be identified by the Executive Officer.

(i1i) Each manufacturer shall submit to the Executive Officer the
documentation used to identify the warranted parts required in
this subsection. The documentation shall include the estimated
retail parts costs, labor rates in deollars per hour, and the
labor hours necessary to replace the parts.

(c) Requirements of Installers:

Each instalier of an alternative fuel redjt- i

i 1 retrofit system shall warrant to the perseon
having the vehicle retrofitted and to each subsequent purchaser of
the vehicle that the alternative fuel or credit-generating
conventional fuel retrofit system will not fail te conform with the
applicable requirements of these Procedures due to incorrect
installation, and that no part on the retrofitted vehicle will be
damaged due to incorrect installation. Installers of alternative
fuel or credit-generating conventional fyel retrofit systems shall
install only these systems of a certified configuration and shall
agree to indemnify the person having the vehicle retrofitted and to
each subsequent purchaser of the vehicle for the cost of repair of
any vehicle upon which a nmoncer-ified canfiguration was installed.
In additien, the installer shall agree to indemnify the person
having the vehicle retrofitted and to each subsequent purchaser of
the vehicle for any tampering fines that may be imposed as a result
of improper installation of the alterpative fuel gor credit-
gerercating conventignal fuel! retrofit systam. The warranties and
agreements to incdemnify shall be effective for three years or
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50,000 miles, whichever first occurs, of customer service, and
shall cover the full repair or replacement costs including the
caosts of diagnosis, labor, and parts (including any part on the
retrofitted vehicle that is damaged due to incorrect installation
of the alternative fuel or credit-geperating conventional fuel
retrofit system).

Before an installer installs an alternative fuel or credit-
i i retrofit system, he or she shall have

generating conventional fuel
submitted to the ARB a2 sample of the warranty statement to be
provided by the installer in accordance with this paragraph.
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ATTACHMENT B

-

: AMENDMENTS TC THE CALIFORNIA EXHAUST EMISSION STANDARDS
AND TEST PROCEDURES FOR SYSTEMS DESIGNED TO CONVERT MOTOR VEHICLES
CERTIFIED FOR 1993 AND EARLIER MODEL YEARS TO USE

LIQUEFIED PETROLEUM GAS OR NATURAL GAS FUELS
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State of California
AIR RESOURCES BOARD

CALIFORNIA EXHAUST EMISSION STANDARDS
AND TEST PROCEDURES FOR SYSTEMS
DESIGNED TO CONVERT MOTOR VEHICLES
CERTIFIED FOR 1993 AND EARLIER MODEL YEARS
TO USE LIQUEFIED PETROLEUM GAS OR NATURAL BAS FUELS

Adopted: April 16, 1975
Amended: April 18, 1981
Amended: September 14, 1984 -
Amended: March 11, 1983
Amended: November 21, 199%

Note: Changes approved by the Board on July 27, 1995, are indicated by
strike-out (deletion) and underline (addition).
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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES
FOR SYSTEMS DESIGNED TO CONYERT MOTOR VEHICLES
CERTIFIED FOR 1993 AND EARLIER MODEL YEARS TO USE
LIQUEFIED PETROLEUM GAS OR NATURAL GAS FUELS

The autheority for these Exhaust Emission Standards and Test Procedures is
found in Sections 43004 and 43006 of the California Health and Safety Code
which contain the following:

43004. "-~the standards applicable under this part for exhaust
emissions for gasoline-powered motor vehicles shall apply to motor
vehicles which have been modified or altered to use & fuel other than
gasoline or diesel.”

43006. “"The state board may certify the fuel system of any moter
vehicle powered by 2 fuel other than gasoline or diesel which meets
the standards specified by Section 43004 and adopt test procedures for
such certification.” . '

1. GENERAL APPLICABILITY

"California Exhaust Emission Standards and Test Procedurss for Systems
Designed to Convert Motor Vehicles Certified for 1993 and Earlier
Model Years to Use Liquefied Petroleum Gas or MNatural &as Fuels"
(“these test procedures" or “these procedures”) are applicable to any
single- or dual-fuel motor vehicle conversion system using liquefied
petroleum gas (LPG) or natural gas (NG) in lieu of the original
gasoline or diesel fuel system for 1993 and earlier model year

emission-cantrolled vehicles used or registered in the State of
California.

A retrofit system manufacturer may apply these test procedures to
certify conversion systems for 1994, and 1995, and 1996 model-year
vehicles in accordance with the following implementation phase-in
schedule. Each manufacturer may certify a maximum of 85 percent of
 its total 1994 model-year engine family conversion systems, and 45
percent of its total 1995 model-year systems,_and 45 percent of its
- according toc the requirements of these
test procedures and “Califernia Exhaust Emission Standards and Test
Procedures for Systems Designed to Convert Motor Vehicles Certified
for 1223 and Earlier Model Years to Use Alcohol or Alcohol/Gasoline
Fuels." The remaining percentage of each manufacturer's certified
1994, and 1995, and 1996 model-year engine family conversion systems
and all of 19967 and subsequent model-year engine family conversion
systems shall be certified according to "California Certification and
Installation Procedures for Alternative Fuel Retrofit Systems For
Motor Vehicles Certified For 1994 and Subsequent Mode! Years and for
11 - i fi il rtifi issign
egucti redif." The percentages shall be cetermined from the taotal
numzer of conversion systems certified and shall be met prior to the
enc of the appiicabie paxt respective calendar year. If the above
referenced 85 percent maximum is exceeded for 1994 or the above
referenced 45 percent maximum is exceeded for 1995_gr 19S&, the
Executive Officer shall rescind the Exezutive Order for those
cenversion systems most recently certified which caused the

B-1

54



percentages to be exceeded, These procedures shall not be used to
certify a retrofit system for installation on a transitional low-
emission vehicle ("TLEV"), low-emission vehicle (“LEV"), or ultra-low-
emission vehicle ("ULEV") or to certify a retrofit systen designed to
convert a vehicle to TLEV, LEV, er ULEV emission standards (as defined

in Section 1960.1, Title 13, CCR).__These procedures sh21l not pe ysed
i rofits for igsi ] red;i

artify r 1gr _redp

. DEFINITIONS

The definitions shall be the same as those in the applicable model
year California exhaust emission standards and test procedures for
passengesr cars, light-duty trucks, and medium-duty vehicles.

A1l provisions of these procedures (except where specifically noted)
shall apply te single-fuel liquefied petroleum gas (LPG), single-fuel
natural gas (NG), AND DUAL-FUEL (LPG/gasaline or NG/gasoline)

GENERAL STANDARDS

(a) In addition to all other standards or requirements imposed, any
medification of a gascline- or diesel-fueled motor vehicle to

allow the use of liquefied petroleum gas or natural gas as a
fuel:

(i) Shall not in its operatienm or function cause the emission
into the ambient air of any noxious or toxic substance
that is not emitted in the operatien of such vehicle
without such modificaticn, except as specifically
permitted by regulation; and

(i) Shall not in its operation, function, or malfunection,
result in any unsafe conditien endangering the motor
vehicle, it occupants, other persons, or praperty in close
proximity te the vehicle, in accordance with the -safety
requirements specified for the original vehicle.

(b) In the case of a dual-fuel conversion, where the vehicle may run
on gasoline (or diesel) or a gaseocus fuel, removal of originally
required emission control systems will not be permitted. These
provisions shall not apply to heated intake air systems or the
eriginal air cleaner when replaced by an air cleaner compatible
with the LPG/NG carburetor.

NON-APPLICABLE REGULATIONS

A1l requirements in the referenced California exhaust emission
standards and test procedures for gasoline ar diesel-powsred vehicles
not directly related to exhaust emission test procedures shall not be
applicable to thase procedures,
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APPLICATION FOR APPROVAL

An application for approval ef a modification to use LPC and NG
fuel in 2 gasoline- or diesel-powered engine may be made by any
engine, vehicle, or conversion equipment manufacturer.

An application shall be required for each model year even though

‘the exhaust emission standards for approval of new vehicles may be

the same for consecutive model years.

The application shall be in writing, signed by an authorized
representative of the manufacturer, and shall include the

i.

ii.

ifi.

iv.

following:

Identification and description of the vehicles in each
vehicle category and engine displacement ranges for which
approval is requested. -

There are three vehicle categories.
a) Passenger Cars (PC)
b) Light-Duty Trucks (LDT) and Medium-Duty Vehicles (MDV)

c) Héavy-nuty Yehicies (HDV) powered by Heavy-Duty Engines
{HDE)

A complete description and identification of the conversion
system, inciuding carburetor mode] number(s), carburetor
configuration/calibration codes(s), vaporizer/regulater
model number(s), evidence of proper assembly of the fuel ‘
tank and fuel lines, and the necessary modification to the
‘engine or vehicle.

A statement of recommended maintenance procedures, including
initial installation and initial tuning, and equipment
necessary to ensure that the vehicle and engine in operation
coenform to the requlations. If the procedures are not
uniform, then the specific procedures for each differsnce
make and 'model shall be given. A description of the program
for training of personnel for such maintenance and
instaliation.

An agreement that upon the Executive Officer's request any
one or more of the test vehicies will be supplied to the Air
Resources Board (ARB) for such testing as it may regquire, or
(by mutual consent betwean the ARB and applicant) will be
made available at the manufacturer's facility for such
testing. Provided, that in the latter case, it is further
agreed that the instrumentation and equipment specified by
the ARB will be made avajlable for testing operations. Any
testing conducted at a manutacturer's facility pursuant to
this subparagraph will be scheduled as promptly as possibie.
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v, An agreement that up to two test vehicles per vehicle
category will be made available to the ARB for testing for
such reasonable periods as may be required. These vehicles
shall be selected from time to time by the Executive Officer
and shall be typical of production models available for sale
to the public. They shall alsc be representative of the
engines and transmissions offered by the vehicle
manufacturers.

vi. An- agreement that the mocdifications made in the Tield will
. be properly identified. ~To meet this requirement, the mode)

number shall be permanently marked on the carburetor. A
permanent label, to be af{ixed in the engine cempartment
where it may be easily read, covering the following for the
specific installation, shall be furnished. The label shall
set forth the following: ' ’

Manufacturer's name and address.

. The California Air Resources Board certification number

" identified as “CARB E.0. NHo. B-XX."

Spark timing. ‘

Idle speed. ‘

Mizture adjustment (if used) including idle, cruise,

and/or full throttle together with the method.

Diagrams for vacuum hose routing and electrical wiring

harness. )

Carburetor, vaporizer/regulator model numbers, and

carburetor configuration/calibration codes.

o (3 N ] ™

~4
.

vii. For retrofit systems applicable to 1994, amrd 1885, and 1996
. model year vehicles, a complete listing of the engine

families for which the manufacturer's retrofit systems are
designed for installation. The number of a manufacturer's .
1994, and 1595, 2and 1296 model-year engine famiiy retrofit
systems certified according to these test procedures shall
be limited according to the phase-in schedule described in
the General Applicability section of these procedures.

d. An application may be made for certification to emission s-andards
or to typical baseline emission levels.
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6.

EHISSIGH STANDARDS AHD TEST PROCEDURES FOR PC, LDT., KDY, AKD KOZ
(a) For certificaticn to emission standarcs, the approzridte model-

year exhaust ezission standarés to be usez are the asplicable
California new vehicle exhaust emission standares. jest
procedures shall be the applicable California nev vehicle

certification test procedures fcr .the mcdel-year of the test

vehicle. Ceompliance {5 demonstrated by app]ylng 3 deterioration
facter to both the cold and het start emission test results to
project the emission levels te the end of the vehicle's useful
life and comparing the resylts with the emission standards.
These tast results must meet the applicable emissioa standards.
A retest is permitted {f the vehicle fails the first test. The
assigned deterioration factor will be based on gascline-powered
er diesel-powered vehicle gartification cdeterieraticn rates as
specified by the Ezecutive OfTicer. In additien, cual-fuel
systems will reguire CYS-75 tests using the originil fuel with
the cenversion system installed. This test resull (with the
certificaticn deteriorition facter or, .if not availisle, an
assigned detericration facter applied) must also pest the
applicable emissions standards. :

For certificaticn to typical baseline emission levels, the
exhaust emission levels to be usad are those frem representative
vehicles in'gocd cperating ccadition selectad by the Exzecutive
Off{cer for testing. Test precsdures shall be the applicable
Califernia test procedures for the medel-year ef the vehicle.
Back-to-back tests must be csnducted and a significiat increase
in the emissicas from the baselire.may be cause fer cenial. In
order to improve data reliability, the manufacturer may elect to
perforz two back.to-back tests, in which case a significant.
increase in the average emissions of the two conversion Systea
tesis cver the average baseline test emissicnt may te cause for
denfal. -Test varubﬂzty will be considered in estislishing
significant increases in emissions. In additicn, for duai-fuel
systems, 2 CVS-72 test using the criginal fuel with the
canversion systez is resuired This test shall alse net
sigrificantly increase emssxcns frem the baseline level.

The test variability factsrs applicable for back-t:z-back tests
are 1.10 fer KC and NOz'and 1. 1- for CO emissions. The
canversion systaa mests the czmgliance reguirements when the
emissicn datia frem the tests with the czaversicn system
installed, are &t or telov the e=issicn levels of the baseline
exissions with the variability factsrs azplied.
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(c) For certification of conversicn systems te be installed enly on
heavy-duty engines, the appresriate mocel-year eghaust emissien
standards and applicable (diesel er gascline) ezhaust emissien
test procedures shal) be usec. Hewever, approval of a conversicn
system to be installed on PC er LDT/KDY shall automatizally
guzlify the system for use with heavy-duty enginmes with similar
er less sophisticated emissica ceoatrol systems without additiensl
testing.

(d) The durability of all systems will be determined by an
enginesring evallation. For cause, and based on the eagineering
evaluation, the Ezecutive Officer may rezguire durabilily tests.

SZLECTION OF TEST VEHICLES FOR THE LIMITED FLEET

A mazimus of two test vehicles may be reguired by the Ezezutive Officer
for each vehicle category. One test vehicle can represant the worst
case ané the ather the most popular vehicle fer which the conversion
system is applicable. The Air Resources Beard will notify the applicant
in writing of the vehicles which can be used teo demoastrate compliance.
In reguesting emissien tests, the Air Resources Board will censider
emissicn cantrol system similarity ever vehicle categeries when
deterzining the test Tleet size. '

YEEICLZ TESTING

To assure better test data utilizaticm, e2ch 2pplicant shall obtain
pricr approval in writing frem the Ezecutive Officer on the tast
vehicle fleet. a : “ .

{a) Test Yehicles _ | v

(1)  VYehicles Certifying tc Kew Yehicle Exhaust Eamissien
Standards ) :

Each test vehicle shall ke 2 California certifies version

~ having been cdriven a minimum ef 4,000 miles cn giseous
fuel. The vehicle mileage accumulation must be ceae by
driving the vehicle on the rcac fellowing a route of
typical subursan type <riving, er cn a chassis cynamometer
utilizing the Autemsbile Manufacturer's Asscciation (AKA)
milezge aczumulation cycle. The applicant may reguest and
the Executive Officer may allew tast vehicles with less
mileage if the applicant csmsnsirates emissicn stability.
Exission stability can ke cemcnstrited by perferzing two
{2) csnsecutive CYS-7Z emissien tasts with $30 miles cf AMA
type c_.-iving between tzsts ang shzwing ne change in
emissions cutsice of tset varjasility.
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Each test vehicle must also be subjectec tz & thercugh

erarminaticn prior tc any emissiens test(s) tc detect anc

cerrest possitle cefects and ceviaticns fros mapufacturer's
specificaticns in emissicns-relalec paris. -

Testing may be perfcrmed at any indepencent laboratory
properly equipped tc ccnduct the tests. The test vehicles
shall be under the csatrol of the {aborztory for the entire
test period. Return of test vehicles tec the applicant
during the tsst period may iavalidate the test resulits.

The laboratery's report must be submitted directly to the
Ezecutive Officer and contain all related information,
including failed test data. Tests performed far research
and develcpment purposes befere the applicatien is ,
submitted need not be reportec. The applicant m2y not edit
the laboratery repert but may submit additisnal clarifying
coarmeats or iafermaticn.

Yehicles Certifying to Typical Ezission Levels

Each test vehicle shall be a Califernia certified version
naving been ériven & minimum 7 4,000 miles en the eriginal
certificatica fuel as required feor new vehicle
certification. 1In the event that 2 manufacturer acquires i
vehicle with lecs than 4,000 miles, the vehicle mileage
must be brought te 4,000 miles by driving the vehicle cn
the road fellowing a reute of typical subursan type
driving, er by aczuzulating mileage on a chassis
dynamemetsr utilizing the AMA mileace accumylation cycle.
The Ezecutive Officer may allew test vehicles with less
mileage if the applicant cdemenstrates emission stability.
Emission stability can be demcnstrated by performing two
(2). esnsecutive CYS-75 emissicn tests with 520 miles of AMA
type driving betweesn tests ang showing n2 change in
emissions cutside ¢f test variability.

Each test vehicle must alse ke subjected tc 1 thersugh
examination pricr ts the bassline test to detect and
correct passible defects ane ceviations fTre= manufacturer's
spg:ificaticn in e=issicas-related parts. The baseline
emissions of the test vehicle sheuld be typiczl for that
particular make anc medel-year. Typical vehicle emissions
will be cetermines by using the vehicle surveillance test
data, supplementes by 2assemsiv-line test anc certifTication

tgst gata as rezuired anc asprosertate.

o
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If a vehicle exceeds typical emissicn vialues, the applicant
may make a full diagnestic svaluaticn of the vehiclie, make
dny necessary repairs, end retest the vehicle. If no
dbnormal canditions of the engine or the eaissicn cantrels
are naoted,; the vehicle will ks acecepted as a test vehicle
and {ts emissicns data will be uses fer comparisen with
conversion systes test results. The applicant may ferege
the abave and select ansther test vehicle from the given
1ist of alternative vehicles.

Testing may be perfocrzes at -any laberatery p;:;erly
equippad tc conduct the tests. The tast vehicle shall be
under the csntrel of the laberatcry for the entire test

‘pericd. Return of the tast vehicle to the ipplicant during

the test pericd may invalidate prior test results.

After the baseline test has besnTrun, pricr approval must
Be obtained frem the Executive Officer before any
servicing, maintenance, or parts replacements are made,
except ‘thase that are in accsrcance with the written _
instructions previded with the applicatien. The same fuel
shall be uysed for the bazck-to-back tests using gasoline or
diesel. There should be suificient fuel in the fuel tank
Lo permit tha baseline and with canversieon systam tests.
The laboratary shall rezsrd all the abave inferzaticn and
include it as part of the repert. The Taberatzry's repert
must be submitted diresily te the Exzecutive Officer and
cantain all related inferzaticn, including failed test
data. Tests perfermed for-rasearch and daveiczmant
purpeses befere the applicatien is submittad nssd not ha
reperied. The applicant may net edit the laberatery repert

. but may subzit additicnal clarifying cooements e-

infermaticn.

() Test Sequence

(i)

Straight liguefied petrolewm or natural gas casversions
certifying tes emission standares

s Adjust vehicle te veaicle manufacturer's
specificatien.
2. Install csnversion system in acsardance with

csaversion system manufaciurer's installatien ‘
instruzticns (permaneat installatien ef casecus fuel

tank is not resuired). >
s Run one ‘¢31d start CVS-75 test using gasecus fuel.
4. Run one czld start CYS-75 tast using gaseaus fuel
(enly if first CYS-7T tas:t fzils the ezistion

stancarcsy.

B-8
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(11)

(ii1)

Dualefuel systems cartifying to standaras

1. ° Adjust vehicle to vehicle manufacturer*s
- specifications. :

2 Install csnversion system in accordazce with the
conversion system manufacturer‘s iastillation
instructions (permanent installatien cr gaseaus fuel
tank i{s not required).

3. Run cne cold start CYS-75 tast using gaseaus fyel.

4. Run one cold start CYS-75 test using gaseous fuel
(enly {7 first CYS-7% test on gaseous fuel Tails the
emission standards). » . -

5. Run ene hot start CYS-72 test using gasaline or
diesa] fuel. o

-

6. Run sne het start CYS-72 test using gasoline or
dlesel fuel (only i¥ Tirst CYS-72 tes: cn gascline ar
diesel fuel fails the emission stanca-ds).

Straight liquefied petreoleurs er natural ga2s conversions

" certifying ts typical baseline emission ierels

(i)

; 8 Adjust vehicle ts vehicle manufactureris
spegificaticn. .
2. Run cne C.a.ld start CVS-75 tast using gascline or

diesel fuel.

3. Install czaversion system in acezrdance with

- Conversicn system manufacturer's inszzllation
instructions (permanent installation =f gaseous fuel

tank is net reguires). '

4. Run ene ccld start CVYS-72 tast using gaseous fuel. .
?ua];fue'ﬁ systems cer:i;"ying ‘to typical baseline emission
evels - .

1. Adjust vehicle to vehicle manufacture-'s
specificaticns.

2x Run tws btaseline tests using gasoline er diesel fuel.
Cne is a cald start CY¥S-7E, and the oth=r is a hsot
start CYS-72. . :

3. Install czaversian System in acszerdancs with the
canversion system manufasztyurer's installaticn
instructicns (permanent installation of gzsesus fuei
tank is noy regquirec).

B-9
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Repeat cold start CYS-75 test using gaseous fuel and"
the hot start CY5-7Z test using gascline cr diesel as
the. fuel.

As an alternative, the applicant may celete the two
hot start CVS-72 tests and in their places run a cold
start CYS-75 test with conversion system using

gaseline or diesel fuel.

CALCULATION PROCEDURES

The following caleulation procadures are based on the Federal CVS-157%

Test Procadure.

The final reported test results shall be computad by

use of the fellowing fnmuhs::

Meaning of Symbols

T
T -
Y -
HOY -
cocnnc'
CDdg =
Cﬂd | -
Cﬂ‘g s
Cﬂem s
Copass™
LO.
Scane

Passenger cars

Light-duty trucks

Medium-duty vehicles (over £000-8500 lbs. GYW)
Heavy-duty vehicles (these vehicles over 8300 1bs. GYW)
Carben monczide ceacentraticn of the diluts

exhaust sample cerrected for background, vater vaper, and
CDz_extraction, in pem.

Carten mencride concantraticn of the dilutien air sample
as measured, in pga.

Carben monexide cancentratien of the dilutien air
cerrected for water vapor extracticn, in ppm.

Carton menoxide cznesntraticns of the dilute ezhaust

sample volume correczed for water vapor 2nd carben
dieride extractisn, in ppm. The calculation
assumes the carten tz hydrogen ritio ef the fuel to
be 1:3.802 for natural gas and 1:2.333 for LPG.

Carbon moncride canzenzraticn of the diluts ezhaust
sample s measured, in pom.

Carbon monsride emissiens, in grams per tast phass.
Iy i

Carbon dicride canceniraticn ef the dilute erhaust sample

~cerreciad for backgrsund ans water vaper, ia percent.

‘B-10
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ce

co

Density,.,s

DensityHca

Densityuo o

mass

H
Hccanc'
HCd =
Hce .
Cnass®
KH =
N =
NO
Icane

Carbon diczide conceatraticn of the dilute erhaust

sample, in percent.

© Carten dicxrids emissions, in grams per test phase.

Density of carbon moncxide “is 32.87 ¢/ft3 of 68°F anc 760
om Hg pressure.
Density of hydrocarsens is 1B.64 g/ft3 far natural gas

and 17.28 glft3 for LPE assuming an average carbon te
hydrogen ratie of 1:3.802 for natural gas and '1:2.65%6 for

LPE, at EB°F and 760 o Hg pressure.

Oensity of exides of nitrogen is 54.16 g/ft° aﬁsuming

they are in the fara of nitrogen diazide, at 68°F and 750
P Hg pressure. '

-Dilution Factar

Ap:c]hte humidity in grains of water per pound of dry
air, - :

Hydrecarbon concentration fer the dilute ezhaust sample

srrected for background, in ppm carbon equivalent, i.e.,
equivalent prepane x 3. ‘

Hydrccqrbon concentration of the dilutien air as
medsyred, in pg= carben eguivalent.

Hydracarten ccnecentratien of the dilute exhaust sampie,
in ppam carten equivaient.

Hydrocarten emissicns. in grams pear test phase.

- s - bl
Rumidity carracticn facter.

Hun;er ef reveolutions of the Fositive displacement pump
curing the test phase while samples ire being collectad,

O:ides cf ritrogen csncentration of the cdilute exhzust

sample carrezted for backgreund, in ppm.

- 8-11
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HOxd .
HOze - s
Hu‘mss.
PB = -
Pd L]
Pi. a
Tp- =
Ri =
Yoiz *
Yo =
Yt =
Yht »
Ys =

Oxides of nitrogen concentration of the dilute air as
measured, in ppm.

Oxides of nitregen concentration of the dilute erhaust
sample as ﬁeasurad. in ppm.

Dxidés of nitrogen emissions, in grams per test phase.

Baremetric pressure, in mm Hg. _
Saturated vapor pressure. in mm Hg at ambient dry bulb
temperature.

Pressure depression below atmospheric measured at th‘e‘
inlet te the pusitive displa:ment pumz.

Average temperature of dilute ezhaust entering pesitive

displacement pump during test while samples are being .
colliected, in degrees Rankine.

Relative humidity ef the ambient air, in percent.

Total ¢ilute exhaust voluma in cubic fest per test phase
correctsd to standard canditions (528°2 2nd 760 mm Hg).
Ydlume of gas pumped by the pesitive displacament pump,
in cubic fest per revcluticn. This volume is dependent
en the pressure differsntial across the pas1t1ve
displaczment punmp.

Hass emissions as calculatled frez the. ‘trannen. p'haie
af the ccid start test, in granms per tast phasa

Mass emissiens as caleczlated fream the “transient® phase
of the csld start test, in grams per test phase.

Mass emissions as calculated frem the *stabilizes” phase
of the cclid start test, in grams per t2st phase.

B-12

65



g

Y - Weighted mass emissions of each pollutant, i.e., HC, CO,
or HO_, in grams per vehicle mile.

For passenger cars, light-duty trueks, and medit-duty vehicles:

(a) The mass emi;:ians of each pellutant in grazs per mije is
Tom® (0-43Y "« 0.57 Y., - Y,)/7.5

(b) - The mass of each pollutant for each phase of both the cold
start test and the hot start test is deterained frem the
following: ‘ ’ )

- (1) Hydrocarbon mass:

RC = Vo

zass il.aoo:coe)

b4 Densitykc x (HC

z conc

(2) Oxides';f nitrogen mass:

NO_ = Vpigl Ded;ityunzx Ky x (RO,

/1,000,000)
mass c2ac

Ky = humidity carrection factor

(3) Carben monczide mass:

co ] Vm. z.Densityca z {CO

ass iz 71,308,000}

canc
- (4) Carben dicxide mass:

co =-V_. 1 Density., x (CO /100)
Znags  mix ce, Zcone

v . Yo x Kz (P, - P,)x 528
miz (760}(Tp)

HC Cane® HC, - HC4(1 - 1/OF)

I R 4

NDx = NO - NO (1-1/DF)
cane e d

cpcanc = €O, - €O, (1-1/DF)

co,- (1-0.02%01 Cﬂze- 0.000323 R,) €O_ for natural gas

€0, = (1-0.02328 coze - 0.000323 R,) 4, fer LPE
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Coy = (1-0.000323 R,) €O,

K

1
H " 1-0.0047(K-7%)
-(4_3.478RL)(Fd)
Pd - Pd b4 R‘/mu
DF = ES 3 for natural gas

Cﬂz..¢ (HCe * CDe) 1 10

Lt — for LP§
ey, + (HC, = €B,) 110

OF =

For hydrocarsens the T o Value must be myltiplied by the methane
cantent correction factor (MCZF).

Hc\n s 'Y\m 1 MCCF

HC o ® veighted mean HC mass in gms per vehicle mils after
carrecticon for methane caatent

For 1581 and eariier model vear vehiclas, the MCCF values as
determined by the vehicle manufacturer and approved by the ARB
during certification shall be used. 1In the absence of such
values, the fallewing shall agply:

.88 (catalyst eaiy)

Gasoline = PC = 0.8
' ' PC =« 1.0 (nen catalyst cars)
DT = 1.0
MOV a 1.0
HOY = 1.0
Hatura] Gas = 0.5 (all venicle categories)

 LPe

.72 (a1l vehicle categories)

-

In the alternative, the azplicant may chesose tc determine the actual MCCF by

| us;‘gg the *California Nen-Msthane KydrescarSon Test Precesures® adopted May 24,
1878. -

For 1582 and later mede] vear vehicles, nzn-methane hydracarbens must be
determined vsing non-methzne instrumentatizm. 1 the ilternative, the
applicant may measure enly total hydracarssns dering 211 tasting, Hewever, in
suea event, ns methane cradit will be given either gascline or gaseous fuels.

-
-
]
.
-
-

=
a
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(1) For the *transient® phese ef the cold-=start test zssyme

Y, = 0.29344 cu ft per revolution; H = 10,485;

i * 70 mm Hg;

R, = 48.2%; Py = 762 oo Hg; P, = 22.225 ms Hg;

Tp.- 570°ﬁ;‘HCe = 105.8 ppm carbon equivalent; Hox = 11.2 ppm;
w e

Fﬂ‘m a 306.6 ppm; tﬂze = 1.43%; H;d = 12.1 ppm
NO_ = 0.8 ppm: €0, = 15.3 ppm. _

14

Then, for an LPG fueled #Ehicle-

 (0.297481¢10 e85 (762-70) (528)
Vmiz = T (760)(570) S25-0 gy ftoRst.
H = (5%3-%5%Eé£§§§l;£§§*§%§%0) = 62 qraxns of water/pound dry air
K 1

K ® 1-0.0047 (82-75) * 0-3424
CO, = (1-0.02328(1.43) - 0.000323(48.2))306.6 = 291.5 ppm

o, = (1-0. noo*zaua 2))15.3 » 15.1 ppm

OF = 117 = 7.881
1.43 « (105.8 « 291.€) 1 10—+

HCeone = 105.8-12.1 (1-1/7. S61) = £5.22 pes

HCpags = (2533)(17.28)(8E.22/1 »000,000) = 4.270 grams per test

phase
NO = 11.2-0.8(1-1/7.$81) = 10.50 ppa
canc
KO, = (2588)(54.16)(10.50/1,000 000)(0.-.24) = 1.351 grems per
mass
" test phase

COone = (281.6). - 15.1(1-1/7.861) = 278.4 pom
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£0pass * (2555i(32-57J(273-4f1.nun.aun} » 23.82 grams per test
phase '

(11) For the "stabilizad® pcrtion of the cold-start test assume that

stamilar calculations resulted irrl-!tm.‘_ss » 0.62 grams per tast

phase; Huxna:s » 1.27 grams per test phase; and €0 ygs = 528
grams per test phase. o =

(111) For the "transient® portion of the hof-start test assume that
similar calculations resulted in HCpacs = 0-51 grams per test

phase; Huxna:: » 1.38 grams per test phase; and C0npqs 5:01
grams per test phase. & :

- (iv) For an LPG fueled vehicle:
HC'm . L0, 43V(4 27Y ; :g E73(0.81) & 0. .82 $0.75 s 0.225 qrams per
vehicle mile

0.43)(23.82) « !0 S7V(5.01) & E 88 = _
o » [ 750 : s 2.84 grams per

vehicle mile.

Mo, « {0.23)01.39%) . 1073 (1.38) o 127 0.354 grams per
) by : 71.50 "
vy S
vehicle mile h

10. APPROYAL

(2) If, after z review of the dala and olher information sutmitted
by the manufacturer, the Executive Officer determines that Fl
zedification to use LPG or NG csnforms to these procedures, he .

cr she will issue an Exscutive Order of approval for such
medifications.

(b)  Such Executive Qrder may be issued upen such terms as the
Executive Officer desems Recessary to ensure that any

medifications to use LPG or RG will meet the resuirements of
these procadurss.

(c) Appreval for a conversica system fer i given medsl year is
ceemed as agproval for ail previcus model years unless
specifically limited in the Exscutive Order. Approval for
Subsequent model years (i.e., carryover) may be given, after
resuest by the applicant, if furiner engineering evaluaticn
ind/or testing demenstrates that the system will meat the

$iandards for the applicasle mecal year and engine
displacemants,
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(a) Approval fer installatien on vehicles with similar
emissien control systems (1.e., carry-acress) may be
given, if requested by the zpplicant, if further
engineering eveluation end/or testing demonstrates
that the system will meet standards Ter the applicatble
model-year(s) and engine displacement(s).

11. CHAHGES TO COHYERSIOH SYSTEH AFTER APPROYAL

All.changes ts the conversiol system. :n:lud1ng
installatien changes, must be submitied to the

Executive Officer. The Ezecutive Officer may require
additional testing prior to appreval. '

12. HOH-COHRYEHTIOMAL SYSTEHS

The Exze®utive Officer may deviate from these
proecedures for non-cenventienal systems, such as
diesel fuel used in conjunctfoa with LPG, in the event
that such systems cinnaot-be tested using these
precedures. Such deviations shall be limited te those

hecessary feor the praper testing and evaluation of-
such systems.
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13.

INSTALLATION REQUIREMENTS

a.

Beginning January 1, 1994, installers of alternative fuel retrofit
systems shall submit the converted vehicies to a Bureau of
Automotive Repair Referee Smog Check Station for inspection and
testing, prior to releasing the converted vehicles to the

consumer,_except as provided in 13 b.

i. Installers of alternative fuel retrofit systems shall not
release the converted vehicle(’s) to the consumer without the
issuance of a certificate of compliiance for the vehicle(s) by
a Bureau of Automotive Repair Referee Smeg Check Station.

r sh :
: ]
1lati h igsi r which t
i i i = i vehi
JLEV. LEV, or ULEV), or for heavy-duty vehicles. the credit
r which i rtifi i

ii, If any of the ten vehicles fail to pass jnspection. the next

bc.

Installation of retrofit systems certified according to the
requirements of these test procedures for 1994, and 1995, and 1996
model years shall be restricted to those engine families listed in
the Executive Order.
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ATTACHMENT C

-

_AMENDMENTS TO0 THE CALIFORNIA EXHAUST EMISSION STANDARDS
AND TEST PROCEDURES FOR SYSTEMS DESIGNED TO CONVERT MOTOR YEHICLES
CERTIFIED FOR 1993 AND EARLTER MODEL YEARS TO USE
ALCOHOL OR ALCOHOL/GASOLINE FUELS
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State of California
AIR RESOURCES BOARD

CALIFQRNIA EXHAUST EMISSION STANDARDS
- AND TEST PROCEDURES FOR SYSTEMS
DESIGNED TO CONVERT MOTOR VEHICLES
CERTIFIED FOR 1993 AND EARLIER MQDEL YEARS
TO USE ALCOHOL OR ALCOHOL/GASOLINE FUELS

Adopted: April 28, 1983
Amended: March 11, 1993
Amended: November 21. 1895

Note: Changes approved by the Board on July 27, 1995, are indicated by
strike-out (deletion) and underline (additien).
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CALIFORNIA EXHAUST EMISSION STANDARDS AND TEST PROCEDURES
FOR SYSTEMS DESIGNED TO CONVERT MOTOR VEHICLES
CERTIFIED FOR 1993 AND EARLIER MODEL YEARS TO USE
ALCOHOL OR ALCOHOL/GASOLINE FUELS

The authority for these Exhaust Emission Standards and Test Procedures is
found in Sections 43004 and 43006 of the California Health and Safety Code
which contain the following:

43004. "--the standards applicable under this part for exhaust
emissions for gasoline-powered moter vehicles shall appiy to moter
vehicles which have been modified or altered to use a fuel other than
gasoline or diesel."

43006. "The state board may certify the fuel system of any motor
vehicle powered by a fuel other than gascline or diesel which. meets
the standards specified by Section 43004 and adopt test procedures for
such certification.”

I. GENERAL APPLICABILITY

"Califernia Exhaust Emission Standards and Test Procedures for Systems
Designed to Convert Motcr Vehicles Certified for 1953 and Earlier
Model Years to Use Alcohol or Alcohol/Gasoline Fuels® ("these tast
procedures” or “these procedures”) are applicable to any single- or
dual-fuel motor vehicle conversien system using alcohol or
alcohol/gasoline fuels in lieu of the original certification fuel
system for 1993 and earlier mode] year emission-controlled vehicles
used or registered in the State of California.

A retrofit system manufacturer may apply these tast procedures to
certify conversion systems for 1994, and 1995, _and 1996 mode 1-year
vehicles in accordance with the following implementation phase-in
schedule. Each manufacturer may certify a maximum of BS percent of
its total 1994 modei-year engine family conversion systems. and 45
percent of jts total 1995 model-year systems
A~ = according to the requirements of these
test procedures and "California Exhaust Emission Standards and Test
Procedures for Systems Designed to Convert Motor Vehicles Certified
for 1993 and Earlier Model Years to Use Liquefied Petroleum Gas or
Natural Gas Fueis.” The remaining percentage of each manufacturer's
certified 1994, and 1995, _and 1996 model-year engine family conversion
systems and all of 19967 and subsequent model~year engina family
conversion systems shall be certified according to "California
Certification and Installatien Procedures for Alternative Fuel
Retrofit Systems For Motor Vehicles Certified For 1994 and Subseguent
Model Years ) - in ict i

cLifi issi i redif.® The percentages shall be
determined from the total number of conversion systems certified and
shall be met prior to the end of the apslieable next recspectijve
calendar year, If the above reference- 8% percent maximum is exceeded
for 1254 or the above referenced 45 percent maximum is exceeded for
1285 _or 1908, the Executive 0fficer shall rescind the Executive Order
for those conversion systems most recently certified which caused the
percentages to be exceeded. These procedures shall not be ysed to
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il;

I1I.

Iv.

certify a retrofit system for installation on a transitional low-

emission vehicle ("TLEV"), low-emission vehicle ("LEV"), or ultra-low-
emission vehicle ("ULEV") or to certify a retrofit system designed to
convert a vehicle to TLEV, LEV, or ULEV emission standards (as defined

in Section 1960.1, Title 13, CCR)._These procedures shall not be ysed
i rafits for smicsi T et
DEFINITIONS |

The definitions used in these test procedures shall be the same as
those in the Lalifornia Exhaust Emission Standards and Test Procedures
for passenger cars, light-duty trucks, medium-duty vehicles, and
heavy-duty engines and vehicles.

The "term alcohol fuel shall mean methanol, ethanol, methanol/ethans]
blends, methancl/gasoline blends, or ethanol/gasciine blends for
purposes of these procedures, and 211 provisions shall apply to
methanol, ethanol, and blends unless specifically noted. However,
federally approved fuels or fuel additives which comply with Section
211(f) of the Clean Air Act (42 U.S.C. 7545(f)) are not deemed alcoho!
fuels for the purposes of this procedure. Dual-fuel vehicle shall
mean a vehicle capable of operating on either the original
certification fuel or alcohol fuel, but not both concurrently.

GENERAL STANDARDS

In addition to all other standards or requirements imposed, any
modification of an eriginal certification-fuel motor vehicle to alloew
the use of alecohol fuel: ' '

A, Shall net cause, in the cperation or function of the
vehicle, the emission into the ambient air of any noxious
or texic substance which may present a significant hazard
to public health or welfare that is not emitted in the
operaticn of such vehicle without such modification, except
as specifically permitted by regulation; and

b. Shall not result, in the operation, function, or
malfunction of the vehicle, in any unsafe condition
endangering the motor vehicie, its occupants, other
persons, or property in clese proximity to the vehicle, in

" accordance with the safety requirements specified for the
original vehicle.

EXEMPT VEHICLES

Vehicles participating in the Department of Motor Vehicles' Methanol
Fuel Experimental Program may, but ars not required to, have a
certified conversion system. Owners or lessees of these vehicles
shall, however, annually obtain a Certificate of Compliance in
accordance with the provisions of Title 13, Califernia Code of
Regulatiens, section 2177.
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V1.

HON-APPLICABLE REGULATIONS

All subjects in the referenced Califernia Ezhaust Emission Standares
and Test Procedures fcr non-alcohcl-poweres vehicles nct directly
related to erhaust or evaporative emission testing shall not be
applicable to these procedures. :

TEST FLEET
Each applicant is required to test 2 limited fleet to obtain
certification. Emissions tests will be conducted at 2n independent
laboratory at the cerversion device manufacturer's eipense. Fleet
vehicles shall be selected by the Exscutive Officer.

A.  FLEET SELECTION

The passenger car, light-duty truck, znd medium-duty vehicIeI
test flests shall consist of three to ten vehiclies for sach’
2lcohol fuel system. The numser of test vehiclse required wiil
depend upen the manufacturer's applicatien outlining the vehicies
for which approvzl is requestsd, and ma2y be reduced from three if
the fuel system applies to-a limited number of vsnicles.

Yehicles will be selected to include 2 wide veriation in engine
.size from ¢ifferent vehicle manuTacturers, and encines with
unusual or sensitive emission ezatrol systems,

B.  SINHGLE FUEL TESTING

The following tast seguence shall be used when testing a flest
vehicle for strazight alcohol or alechol blend cperatien:

1. Adjust vehicle to manufacturer's specificztions.
2. . Run one ¢ald start CYS-75 test {baseline).
3. Install canversion system in accordance vith conversion

system manufacturer’s instructions.

4, Run cne ccld start £YS-73 test on the modified vehicle
using 2leshel fuel. : -

——
1. Fer the purseses ¢f these precedurss, 1877 and oicer mafiuvm-duly
vehicies shall be selez2ed and teste= in 2cssrzance with the heavy-duty

pretece] contzines in Sectisn VIT.

3
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Yiil.

C. DUAL-FUEL TESTING

The following test sequence s=21] be used when tasting a cual-
fuel vehicle:

3. Adjust vehicle te vehiclie manufacturer's specifications.
2.  Run one cold start CYS-73 test (baseline).
j. Run cne hot start CYS-7Z test (baseline).
4. . Instail conversicn systez in ﬁcccrdahce with conversion.

system manufacturer's instructicns.

E. Run one cold start LYS-73 tast u;ing the z2ppropriate
. dleohelfuel.

E. Run ene hot start CYS-7Z using the originzl certification
fual,

Oual-fuel system manufacturers may elect to ceieis steps 3 and 6
by substituting & cold start CV5-75 gascline test for step 6.

The Ezscutive 0fficer may reazzire Sealed Heusing Evaperative
Oeterminazticn (SHED) tests in addition to the required emission
tests fer any system that, in the judgement of the Ezecutive
Officer, may increase svaporiziive emissions (2.g., chinge in fuel
tank surface arez).

HEAYY-DUTY YEHICLES

Appraoval of an alcohel fuel systssm fer passengear cirs, light-duty
trucks, or 1578 and nawer medium-culy vehicles can gqualify that system
vor use on heavy-duty vehicies cver ES00 pounds GYWR 2nd 1877 and
clder medium-duty vehicles, provicss an engineering evaluation
indicates similar emissions pattsrns are anticipated.

If appraval is scucht solely for teévy-duty vehicles over E300 pounds
EYWR 2nd/er 1577 and older madium-cuty vehicles, the Ezscutive Officer
shall seiect engines and require tzsts in aczzrdance with the

. previsions of Sectien XIT of this procadure.

TEST YERICLES

Each test vehicle shall be a Califzrnia cartified version having
betwean 4,000 anc¢ 50,000 miles. In the event that a manufacturer
zequires a venicle with less than £,000 miles, the vehicie mileage
must. be brought to 4,000 miles by c¢-iving the vehicle on the road, or
by eccumuleting mileage on 2 chassis dynamometer. .
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IX.

Each test vehicle shall be subjected to a thorough diagnostic
eramination prior to the basaline test to detect anc correct pessikble
defects and deviations from manufacturer's specificalions for
emissicns-related parts. Baseline eamissien results vwithin aprnlicasle
standards shall be taken as an indicater that the vehicle is
acceptable for testing., Baseline emission results erceeding
applicable standards snall be greunds for rejecting & test vehicle
unless the applicant chooses to perform a second diagnastic
eraminaticn. If the second diagnostic examination dees not reveal 2
malfunction in the engine/emissicn éontrol system, the vehicle shall
be desmed an acceptable tast vehicle.  If the seconc diagnostic test
reveals & feult or maladjustment, the vehicle shall te deemed
unzcceptable for test purpeses. The applicant may either make repairs
and retest the vehicle, or may cbtain andther vehicle acceptable to
the staff.

Any properly equipped amission .test laberztory may perform the test.
Test vehicles shall be under the control of the laboratory for the
entire teast pericd. Return of a test vehicle to an zpplicant during
the test pericd may invalidate test.results.

After & fleet baseline test has been run en the origin2] certification
fuel (2.g,, Indolene fuel for gascline-pawered vehicles), prier
approval 1s required from the Exscutive Officer before any serviging,
maintenance, macifications, or parts replacements 2re made that are
not listed in the applicant's written iastructions. A chemical
analysis of the fuel must be perfcrmed and reported. The anzlysis
should include 2 determination of purity and water cantent. The
laboratery shall record all the atove infermation anc include it &g
sart of the resert submitted to the Exzscutive Officer. The repert
must be submitied directly te the Ezecutive Of7icer and musi cantain
111 related informaticn, including feiled tests., Tests perfermed for
research and ceveleopment purposes befere the applicaticn it submitled
need not be reported. The z2pplicani may net edit the laboratery
repert bul ma2y submit additional clarifying-comments er information.

DATA TO Bt KELORDED
Yehicle:

Make, Hedel znd Model Year

Yehicle Icentification Number cr License Humber
Odometer Reading

Engine Displacenent

Fuel System:
Origimat Fuel Tank Capacity

Alcochel Fuel Tank Capacity
Type of Fuel Metering System
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Tuning Specifications:

I1dle RFM

Ignitien Timing

Carburetor Seiting (specify msthod used)
Other

Dynemcmeter Setting Specificaticsas:

Inertiz Loading

Curb Weight - ;
Road Load Hersepower at £Q n,n
Drive Whee] Tire Pressure

CALCULATIOR PROCEDURE

-

 The final repar;ah test resulis shall be computed.ty use of the

following calculations ‘for neat methanol or neat ethanol as 2 gquide.
Calculations for blends of ethanel or methanel will be determined
based on the relative proporticas ¢f the constituents. Unburned fuel
(UBF) emissions shal) mean unturned original certificaticn fuel,
methanal or ethanol and all other cxygenatec and nan-orygenated
hydrecarben by-products of comtustion. Correctien factors shall be
determined znd applied to UBF emissicns frem alecchel-fueled vehicles.
In the absence ¢f an acceptable emntrtcal]y der1ve1 factor, & factor
cf 2 5 shall be applied. .
A description of the laboratery eguipment used and the emission tests
performed shall be attached to zny emission data sulemitied to the Air
Resources Bsard. An applicant shall have the cptica of using 2 gas
chromatograph (&) or equivalent to detarmine concantrzlions of
unturned fuel in exhaust or evaserative gas samples. If 2 flame
icnization catscter.(FID) is used, imstrument calisrzticn procedures
and corrections fer FID resporse tc orygenatad hydrscirgons must be
specified, A heated sample lice shall be usad in conjunctien with 2
FID for measyrsmant of UBF frem aleshol-fueles vehicles.

Ho_alluvance er trade-off shal) te pesrmitied to reduce erhaust
emission levels of zlcohol-fuel=s vehiclas cn the basis of low
evaporative emission levels.

Heaning of Symtols

ccc~nc = Carbon mecnczids cancentiration c. the ¢ilute -

exhaust samcie carreches for bactgrsuﬂd. vate' vaper,
and CDZ extraziicn, in pgm.

e - = (arbteon moncrice csncemt-ation of the cilution 2ir
sample as meacurad, in pRm

Rt

C-6
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Cﬂd .
CDe -
O -
COmass *
ca =
2cone
co .
ze
co a
2mass
Densitycn -
Qensityeq o
2
Densityg s =
HO
2

Den:itjUEF.

oF -
H =
HC s

Carbon monoiide concentration of tne dilution air
correctaed for water vapor extractlien, in ppm.

Carbon manczide concentrations cf the dilute exhaust

saple volume correctied for watzar vapor
and carbon diczide extractien, in ppm.

Carbon menoxzide cencentratien of the dilute erhaust

sample as measured, in ppm.

Larbon monozide emissidnx. in grazs per test phase.

Carbon dinzide concentratiocn of the dilute exhaust

sample cerrected for background and water vaper, in
percent. :

Carben diozide comcsntration of the dilute erhaust
sazple, in percent.

Carpon diczide emissicns, in grams per test phase.

Density of carben mecexzide is 32.%7 g/ft3 at 68°F and
760 mm. Hg pressure. '

Density of carben diozide is 51.85'91f13 at €8°%F and
760 m=. Hg pr?ssure. '

. , i : . k| .
Density of cxides ef nitrogen is 24.18 g/ft™ assuming

they are in the fcrm cf nitrogen sicxide, at 68°F ane
760 mm Hg pressure.

Density of methanol (less the mass of axygen) is 18.%53
g!ft3 and density ef ethanol (less the mass of azygen)

is 17.74 ¢/1t° ea‘a per carbon atz= basis at B6E°F 2né
780 mm Hg pressure.

Dilutiea Facter

Agsolute humidity in grains of watsr per pound of &ry
iir. .

Mydrscartca conceatration of the cilutien air as

measured, in ppm carson eguivalent.
c-7
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RO .
Ieont

‘mass

UEFCOnC

UsF
¢

mass

miz

Humidity cerrectien factor.

Humber of revoluticns of the pesilive displacement pump
during the test phase while samples are teing
ccllected.

Oxides of nitrogen cancentraticn of the dilute ezhaust

sample corrected for -background, in ppm.

-Qzides of nitrogen concentration of the dilute air as

peasured, in ppz.

-
-

Ozides of nitregen cancentration of the dilute exhaust

smple as measured in ppm.

Orides of nitrogen emissiocns, in ¢grams per Lest phase.

- Barcmetric pressure, in mm Hg.

Saturated vaper pressure in rm Hg at ambient dry bulb

temperature,

-

Pressure depressicn below etmescheric messured at the
inlet to the positive displacement pump.

Average temparature of dilute e'haust eflte"ing positive

displacement pump durmg test vhlle samples are bemg
cellected, in degress Ranxine.

Relative humidity of the ambieat air, in percent.

Unburned fuel csncentraticn for the dilute exhaust

sample carrectad fer background, in ppm carben
equivalent, i.e., eguivalent presane 1 3.

Unburned fuel cancentratien of the cilute ezhaust

sample, in ppm carten equivalent.

Unturned fuel emissicms, in grams per tast phase. .

Total gilute ezhaust velume in cusic fase: per test

fhase csrrected tc standard caaditisns (528°R and 780
ms Hg).

C-8
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'j.

Yo

For passenger cars, dﬁdium-duty vehicles an

Yolume of gis pumped BY the pes

in cubic feel per

jtive displacement pump.
revolution. This velume is dependent

on the pressure differential dcraoss the pasitive

displacement pump.

.Mass emissions a3
af the ;nld start

Mass emissiens as
of the cold-start

Mass emissions &5
phase ef the cold

czleulated frez the “transient” phase

test, in grams per test phase.

calculated from the “transient® phase
test, in grams per test phase.

calculated frem the “stabilized”
start test, in grams per test phase.

Weighted mass emissions of wach pollutant, i.e., UBF,
co, or KO, in grams per vehicle mile.

d light-duty trucks:

The mass of each emissiocn in grams per mile i3

Y o (0.43Y

- 0.57 Y, - Y,)/T.5

The mass of each pallutant for each phase of both the cold start test
and the hot stari test is determined frem the following: -

1.

Unhurnad fuel massi

UBF

mass

o1

Oxides of nitrcg:n mass:

HOx

mass

Carbon monazide 'mass:

co

mass

= Voig 2 Deq:itycu

Carben dioxide mass:

Cﬂz

Ymi

UBF

mass

conc

i Voo 2 Densitycn
2

M1T

Y, 1 N2 (P =P;)

s Vgi; T Densityyg: :'(uch=n¢;1.unn.nuc)

» Y it Dunsityunzx :H 3 (HO: /1.,000,000)

canc

z (€O, /1.000,000)

x (CC, 1100)
cenc

T 228

(TEG}{TD)

s USF - HC, (1-1/0F)

&3



"NO, - HO, - KO (1-1/0F)
lcone I, T4

" €0, nc * €O, - €O, (1-1/0F)

co,= (1-0.03 coze- 0.0C02323 R,)CO,, for methencd

Cﬂe a (I.-Q.D.’.S.I‘ZE}:;_,e - 0.ooe3z3 R‘) chm for ethang]

Cﬂd s (1-0.000322 R‘) C!Jd‘,n

E 1
B * 1-0.0047(H-75)

(43.478R,)(P )
Fg - Py z R /100

1. 57

bF = — fer methanel
coze - {UBF, - €3,) = 10°

OF a : 1222 — for ethanol
Eoze - (UEI-‘e = C0,) = 10

For gasoline fuel the Vo value must be multiplied by the methane

ceateat csrrectica facter (HCLF).

UBFW s Y\-m 1 MCCF

UBF__ = weighted mean unburnad fuel mass in grams per
vehicle mile after correction for methane coatent

The following MCLF values (er as datermined by the vehicle
manufaclurer and approved by the ARB during .certification) may b2
used on 21l gascline tests:

Catalyst equipped passenger cirs a 0.88
All cther vehicles = 1.0

The agelicant, if he or sne 53 desires, may determine the actua)
MCCF of 1 fuel by using the “Califcrnia Hon-Methane Kydrocarzes
Test Procezures® 2doplhed HMay 24, 1878. For alcohel fuels, '
reference t2 "HC® in the ncn-methdne tast srocsdures shall maaa
"UBF* where appropriate. The fusl used to calibrate the flame
lonizaticn catecter anc methe? of calidration shall be specifisq,

C-10
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The above MCCF values are vali¢ thraugh 1981 model year vehicles.
Beginning with 1282 model yedr vehicles the non-methane unburned
fuel emissions must be determinec uysing non-methine
instrumentatioen. The above factors can ma lenger be used. The
applicant may test for tatal unburned fusl, but no factor will be

permitted.
Ezample calculation of macs emission values:
i. For the “transient® phase of the csld-start test assume:

¥, * 0.25344 cu ft per revelution; N = 10,48%5;

R, » 48.2%; Py » 762 am Hgi Py = 22.22% mn Hg: P; = 70 m Hgi

-

Tp = 570°R; U&Fg « 105.8 ppm carbon egquivileni: Ko, = 11.2 ppm;
e

_Cﬂcn s 306.6 ppam; CDZg a 1.43%; HCd a 12.1 pe=

? = 15: "
chd s 0.8 pen; :udn 15.3 pp=

Then, fer a methanol fueled vehicle:

€911V/10 8¢ 7o) 1=2 .
(g 2 vr1p 422 [762-70) re2¢) . 2685.0 cu ft per

Y i, ®
mf“ (780)(570) test phase
1 47 4 £
i (42 478\ (28 2% 122 228 « 52 grains of water/pound dry air

762 - (22.225 1 48.2/100)

1% 1
n * 10,0027 (62-1%) * ©

842

wn

€o, » (1-0.02(1.43) - 0.000323(46.2))306.6 = 288.7 gp=
co, . (1-0.000323(48.2))15.3 » 1.1 g

Foa L . & 1.8

1.43 - (105.87- 288.7) 1 1077

UEFcnn: . 108.8-12.1 (1=1/7.87) = £8.23% gpm

VEF ¢ ® (2555}(18.53}{55.24/1.CCD.GOG] . &.6% grams per test phase

HO s 11.2-0.8(1-1/7.87) = 10.50 pgm
cene .
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MO, . (2585)(54.18)(10.50/1.000,000)(0.9424) = 1.351 grams per tast

@ass
phase

€0, - (298.7) - 15.1(1-1/7.87) = 275.5 pea

€o_,., » (2595)(32.87)(275.5/1,000,000) = 23.57 grams per test phase

For the “stabilized® pertion of the cold-start test assume that similer
caleulations .result in UBF = 0.31 grams per test phase;

mass
KO » 1.27 grams per test phase; and
Imass ‘
Ccng;; = §.58 grams per test phase. -

For the "transient® pertion of the hot-start test assume that similar
calculations resulted in UBF » 0.25 grams per test phase;

mass
HOx = 1.38 grams per test phase;
mass
and cumass » 5.0] grams per test phase.

For a methanol fueled vehicle:

(043} 68) - (0573(0 261 - 0.1 a (.23 grams per vehicle mile

LU 7.50
433027 87V . (0. S7V(% .5 s :
o - (0 i ; =50 S0 01) 8 . oz.83 grams per vehicle
mile.
[0 43101 361) . (Q €71 (1 AEY . 1 27 .
KO, = S —— =g - = = 0.254 grams per venicle
‘ﬁ - .

mile

c-12
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XI. APPLICATION FOR APPROVAL

A. An application for approval to use alcohol fuel in & non-ariginal,
certification-fuel engine may be mace by any engine, vehicle, or
conversion system manufacturer.

B. An application shall be required fcr each model year even thaough
the exhaust emission standards for 2pproval of new vehicles may be
the same for consecutive model years.

C. The application shall be in writing, s:gned by an authorized
representative ef the manufacturer, and shall- include the
following:

:

tn

Identification and description of the vehicles for which
approval is requested. The application may limit the years,
makes, and medels for which a system is applicable.

A cnmpleto description of all modifications and ndd1tinns to
the engine or vehicle.

A written specification of the recommended fuel and fuel
compesition including the amount of variation in compesition
that may be tolerated. Specifications allowing more than
1,000 ppm of water shall be accompanied by an explanation of
the need for, or purpese of, such allowance.

Emissions data en such vehicles and engines tested in
accordance with the applicable exhaust emission test
procedures and standards.

A statement of recommended mzintenance procedures, including
initial installation and initial tuning, and equipment
necessary to ensure that the vehicie and engine in operation
conform to the specific procedures for each different make and
model shall be given. A description of the program for
training personnel for such maintenance and installation.

An agreement, that upon the Executive Officer's request, any
one or more of the test vehicles will be supplied to the ARB,
for such testing as may be required, or (by mutual consent
between the ARB and applicant) will be made available at the
manufacturer's facility for such testing. Provided, that in
the latter case, it is further agreed that the instrumentation
and equipment specified by the ARB will be made available for
testing operations. Any testing conducted at a manufacturer’s
facility pursuant to this subparagraph will be scheduled as
promptly as possible. ;

An agreement that a reasonzble number of vehicles will be made
available to the ARBE for testing for such reasonable periods
as may be required. These vehicles shall be selected from
time to time by the Executive Officer and shall be typical of
production models available for sale to the public.
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. b. Approved by the California ARB for use on

10.

A sample or facsimile of a proposed engine compartment label
and an agreement that the modifications made in the field will
be properly identified. The model number shall be permanently
marked on the carburetor. A permanent label covering the
following for the specific installatien shall be furnished for
installation on the a2ir cleaner or any other arez where it may
be easily read. The label shall be set for the following:

a. Manufacturer's name and address.

mode] year vehicles with engine size in3
to s ina. .

c. Spark timing.
d. Idle speed.

e. Mixture adjustment (if used) including idle, cruise,
and/or full throttle together with the methed.

~f. Type of fuel.

g. Date of installatien.
h. Carburetor Model Na.

i. A statement, "for vehicles over 8,800 1bs GYW enly,” if
applicable.

j. For dual-fuel -systems, a description of any thanges to the
Original Equipment Manufacturer's evaporative emission-
control systems.

An agreement that labels will be applied to the exterior of a
modified vehicle adjacent to fill pipes specifying the correct
fuel for each tank. :

For retrofit systems applicable to 1954, and 1995. and 1996
model year vehicles, a complete listing of the engine families
for which the manufacturer's conversion systems are designed
for instaliation. The number of a manufacturer’s 1994, and
1995, and 1996 model-year engine family retrofit systems
certified according to these test procedures shall be Timited
according te the phase-in schedule described in the General
Applicability section of these procedures.
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xIl.

xIII.

VEHICLES REQUIRING ALTERHATE TESTING

yehicles squipped with the follewing systems reguire individuatl
cansiceardtion and mdy require tests ether than these described in
this precedure. The Exzecutive Offiser éa21] make the datermination
of the reguired testing, taking inte a2zsunt any test plans submitted

by the apgplicant.

Heavy-duty engines

Yehicles equipped with closed-lcap fesdback
Engines that have dltered compressica. ratics
Engines of uncoaventiona) design

emission centrols

APPROYAL CRITERIA
A. EMISSIOHS

The Ezecutive Officer shall review the applicant’s emissicn data
ind any other laboratery data available to determine the
ccaversion system's effect cn emissiens. Test data from the
venicles must demonstrate that eperation on alcohol fuel
(medified configuration) results in ne significent increase in
ezissions. A significant increase in @ vehicle's emissions when
cperatzd on alcshol fuel shall be grounds far denial of
cartification even if the emissiens are within applicable
standdrds, .

g8. ORIVEABILITY

The Ezscutive Officer shall evaluate the effects of the alcohal
fuel ccaversion system en the vehicle's performance of
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XIv.

driveability. Col¢ starting and sperating perfzrmance will be
censidered ai part ef the evaluaticn precesure. [f the system
degrades the driveability or venicle performance such that
owners mady be temsted to adjust the eagine settings or temper
wilh required emission contrel systams to improve driveadility
cr vehicle perfaormance, the Ezecutive Officer may find that the
alechcl fuel conversion system will increase emissions.

QURASILITY

If the Executive-Officer has -rezson to-believe, on the basis of
an enginesring evaluaticn, that an alcohel fuel coaversion g
system will affect the durability of the vehicle emission
centrsl system, or the conversion system.itself does not
demanstrate durability equivalent to the part or system replaced
er added to, he or she may find that the medification will
{ncrease emissicas. The manufacturer may be resuired to submit

~qurability data in srder to show that the durability of the

vehicle emission cantrol system is not affectad, and/or that the
fuel conversion system demonstrates adequite durability.

FINAL APPROYAL _ ’ )

4
FaYl

If, after 1 review of the data and other inforcition submitted

by the manufacturer, the Executive Officer determines that a
madification to use alecohel fuel czaferms to the procsdures
outlined in these regulations, the-Ezecutive Officer will issue
an Ezecutive Order of approval for such mecifications..

The Ezecutive Order may be issued ugen such terms as the
Ezeculive Qfficar desms -necessary to ensure tha: any
medifications to use alecohol fuel will meet the requirements of
the proczdures ocutlined in these regulations. . )

Appreval fTor & conversicn systez for a given mscal year is
deemec &3 approval fer all previcus mcdel years, unless
otherwvise specified in the Executive Ordsr. Asszroval for
subsequent madel years may be givea, after request by the
ipplicant, if further evaluatiesa anc/or testing demecanstrates
Lhat the system will meet the stancards fcr the epplicable model
year.

CRANGZS TO CONYERSION SYSTEM AFTER AFFROVAL

A1l chinges made to the cenversion systam, inciuding installation
Ghanges, oust be submitied to the £zecutive Officer far approval.
The Exzecutive Qfficer Ry require aceitional ta2stiag prier to
appreval.

C-1¢
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xYI.

INSTALLATION REQUIREMENTS

A.

BC.

Beginning January 1, 1994, installers of alternative fuel retrefit
systems shall submit the converted vehicles to & Bursay ¢+
Automotive Repair Referes Smog Check Statien for inspectizn and
testing, prior to releasing the converted vehicles ts the

ccnsumer, exceot as provided in E.

1. Installers ef alternative fusl retrcfit systems shall not
release the converted vehicie(s) to the consuner without the
issuance of 2 certificate ¢f compliance for the vehicie(s) by
a Bureau of Automotive Repair Referee Smog Check Staticn.

1t trof it ; install Ry t Air Res Board
= 1.4 se the alternative jnspection schedule for flest
fi i vehigi

i, If »]] ten vehicles recejve 2 certificate of comoliance, for

ler o
muummmwm—m-d-] bl tenth reErefit) T Lt
Automotive Repair for jnspection, For the remajning vehicles
included in the alternative inspection schedule that are not

" v : ; ] =
11 1 i in r j !
: - - 2 : s
+ j + j i 4 v wh i

i Lif] i ional vehi
JLEV, LEY, or ULEY), or for heavvadutv vehicles, the g-adit
ftandard $c which the gvstam js certifs Ajr Ra
Beard may reguire random insgection of anv vehicles sy-~iegt to

i r in i
tive § i

ii, If anv of the ten vehjcles fa$l to pass jnspeetion. the next
set of tep retrofitted venicles ghall be subiject to inspectign

at the Boreay of Automotive Repair, until an entire group of

i=n passes. '

Installation of retrofit systems certified according to the
requirements of these test procedures fcocr 1954, and 1995, and 1996
mode] years shall be restricted to those engine families listed in
the Executive Order,
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ATTACHMENT D

AMENDMENTS
TO ARTICLE 5, CHAPTER 1, DIVISION 3, TITLE 13
OF THE CALIFORNIA CODE OF RESULATIONS AND
TO SECTIONS 2030 AND 2031 OF ARTICLE 5
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AMENDOMENTS TO ARTICLE 5§, CHAPTER 1, DIVISION 3, TITLE 13
OF THE CALIFORNIA CODE OF REGULATIONS
AND SECTION 2030 OF ARTICLE 5

Approval of Systems Designed to Convert Motor Vehicles to Use Fuels
.~ Other Than the Original Certification Fuel or
to Convert Motor Veh1c1es for Emission Reduction Credit

Adopted: April 28, 1975
Amended: March 16, 1977
Amended: May 21, 1981
Amended: June 2, 1983
Amended: October 18, 1984
Amended: May 7, 1993
Amended: November 21. 1965

Note: Changes approved by the Board on July 27, 1995, are indicated by
strike-out (deletion) and underline (add1t10n)

D-1
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Article 5. Approval of Systems Designed to Convert Motor Vehicles to Use
Fuels Other Than the Original Certification Fuel_or to Convert Motor
vehic] for Emission Raducti Credif

2030. Liqﬁefiad Petroleum Gas or Natural Gas Retrnfit_Systems.

a) Applicable Standards and Test Procedures.

The standards and test procedures for approval of systems designed to
convert 1993 and earlier model year motor vehicles to use liquefied
petroleum gas or netural gas fuels are contained in “California Exhaust
Emission Standards and Test Procedures for Systems Designed to Convert Motor
Yehicles Certified for 1993 and Earlier Model Years to Use Liquefied
Petroleum Gas or Netural Gas Fuels®" adopted by the State Board on April 16,
1975, as amended Meeeh 11y 31988 November 21, 1995. The standards and test
procedures for approval of systems designed to convert 1994 and subsequent
mode] year motor vehicles to use liquefied petroleum gas or natural gas
fuels are contained in "California Certification and Installation Procedures
for Alternative Fuel Retrofit Systems for Motor Vehicles Certified for 1994
and Subsequent Model Years and for 2]l Mode]l Year Motor Yehicle Retrofif
Systems Certified for Emission Reduction Credijt,” adopted by the State Board
March 11, 1993._as amended November Z1. 1995. At the option of the retrofit
system manufacturer, the standards and test procedures for approval of
systems designed to convert 1994 and subsequent model year vehicles to use
liquefied petrcleum gas or natural gas fuels may be used for approval of
systems designed to convert 1993 and earlier model year motor vehicles to
use liquefied petroleum gas or natural gas fuels in l1ieu of the "California
Exhaust Emission Standards and Test Procedures for Systems Designed to
Convert Motor Vehicles Certified for 1993 and Earlier Model Years to Use
Liquefied Petroleum Gas or Natural Gas Fuels."

b) Implementation Phase-1n Schedule,.

Notwithstanding subcection (a), a retrofit system manufacturer may apply
“California Exhaust Emission Standards and Test Procedures for Systems
Designed to Convert Motor Vehicles Certified for 1993 and Earlier Model
Years to Use Liquefied Petroleum Gas or Natural Gas Fuels" to certify
retrofit systems for 1994 and 1995 model-year vehicles in accordance with
the fellowing implementation phase-in schedule. Each manufacturer may
certify a maximum of 85 percent of its total 1994 model-year engine family
retrofit systems* and 45 percent of its total 1995 model-year systems, and

according to the
requirements of these test procedures and “California Exhaust Emission
Standards and Test Procedures for Systems Designed to Convert Motor Vehicles
Certified for 1993 and Earlier Model Years to Use Alcohel or
Alcohol/Gasoline Fuels", adopted by the State Board on April 28, 1983, as
amended Mareh 13y 2993 November 21. 1995. The remaining percentage of each
manufacturer's certified 1994, amd 1995, and 1996 modei-year engine family
retrofit systems and all of 19987 and subsequent mcdel-year engine family
retrofit systems shall be certified according to "California Certification
and Instaliation Procedures for Alternative Fuel Retrofit Systems For Motor
Vehicles Certified For 1994 and Subsequent Model Years and for all Model
Y M Vahicls Bstrofit Svst c ifi for P e
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Credit.” The percentages shall be determined from the total number of
retrofit systems certified and shall be met prior to the end of the
applisable pext respective calendar year. "California Exhaust Emission
Standards and Test Procedures for Systems Designed to Convert Motor Vehicles
Certified for 1993 and Eartier Model Years to Use Liquefied Petroleum Gas or
Natural Gas Fuels" shall not be applied to certify a retrofit system for
installation on a transitional low-emission vehicle ("TLEV)", low-emission
vehicle (“LEV)", or ultra-low emission vehicle ("ULEV)" or to certify a
retrofit system designed to convert a. vehicle to TLEV, LEV, or ULEV emission
standards (as defined in Section 1960.1, Title 13, California Code of
Reculat1on5)4_nun_nm1LLm:nﬁI_smguLLummmHﬂm
sredifs.

NDOTE: Authority cited: Sections 39515, 39600, 39601 and 43006, Health and
Safety Code. Reference: Sections 43000, 43004, 43006, 43008.6, 43013 and

43108, Health and Safety Code; and Sections 27156, 3B391 and 38395, Vehicle
Code.

D-3
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AMENDMENTS TO ARTICLE 5, CHAPTER 1, DIVISION 3, TITLE 13
OF THE CALIFORNIA CODE OF REGULATIONS
AND SECTION 2031 OF ARTICLE 5

. Approval of Systems Designed to Convert Motor Vehicles to Use Fuels
Other Than the Original (ertification Fuel gr
to € t Motor Vehicl for Emizston Keducticn Credi

Adopted: June 2, 1S5B3
Amended: May 7, 1983

Note: Changes'approved by the Board on July 27, 1995, are indicated by
strike-put (deletion) and underline (additien).

D-4.
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Article 5. Approval of Systems Designed to Convert Motor Vehicles to Use

Fuels Other Than the Original Certification Fuel_or to Convert Motor
venicl for Emission Baduchion Crasdil

2031. Alcohollof Alcohol/Gasoline Fuels Retrofit Systems.

a) Applicable Standards and Test Procedures.

The standards and test procedures for approval of systems designed to
convert 1993 and earlier model year motor vehicles to use alcohol or ale-
ohol/gasoline fuels in lieu of the original certification fuel system are
contained in “"California Exhaust Emission Standards and Test Procedures for
Systems Designed to Convert Motor Vehicles Certified for 1833 and Earlier
Model Years to Use Alcohol or Alcohol/Gasoline Fuels," adopted by the State
Board April 28, 1983, as amended Marsh 13y 1993 November 21.1995. The
standards and test procedures for approval of systems designed to convert
1994 and subsequent model year motor vehicles to use alcohol or
alcohol/gasoline fuels are contained in “"California Certification and
Installation Procedures for Alternative Fuel Retrofit Systems for Motor
Vehicles Certified for 1994 and Subsequent Model Years and for all Mpdel

Year Motor Vehicle Retrofif Systems Cerfified for Emission Reduction
Credit." adopted by the State Board March 11, 1993, as amended November 21.
1995. At the option of the retrofit system manufacturer, the standards and
test procedures for approval of systems designed to convert 1994 and
subsequent model year motor vehicles to use alcohol or alcohol/gasoline
fuels may be used for approval of systems designed to convert 1993 and
earlier model year motor vehicles to use alcohol or alcochol/gasoline fuels
in lieu of the "California Exhaust Emission Standards and Test Procedures
for Systems Designed to Convert Motor Vehicles Certified for 1993 and
Earlier Model Years to Use Alcohol or Alcohol/Gasoline Fuels."

b) Implementation Phase-1In Scheduie.

Notwithstanding subsection (a), a retrofit system manufacturer may apply
"California Exhaust Emission Standards and Test Procedures for Systems
Designed to Convert Motor Vehicles Certified for 1993 and Earlier Mcdel
Years to Use Alcohol or Alcohol/Gasoline Fuels" to certify retrofit systems
for 1994 and 199% model-year vehicles in accordance with the following
impiementation phase-in schedule. Each manufacturer may certify a maximum
of 85 percent of its teotal 1994 model-year engine family retrofit systems,
and 45 percent of its total 1995 model-year systems

= according to the reguirements of these test
procedures and the "California Exhaust Emission Standards and Test
Procedures for Systems Designed to Convert Motor Vehicles Certified for 1993
and Earlier Model Years to Use Liquefied Petroleum Gas or Natural Gas
Fuels," adopted by the State Board on April 16, 1975, as amended Mareh 1iy
1993 November 21.1995. The remaining percentage of each manufacturer's
certified 1994, amd 1995, _and 1996 model-year engine family retrofit
systems and all of 19961 and subsegquent model-year engine family retrofit
systems shall be certified according to "California Certification and
Installation Procedures for Alternative Fuel Retrofit Systems For Motor
Vehicles Certified For 1994 and Subsequent Model Years and for al)] Mpde]
Y Motor Vehicle Retrof it Svsl Certifisd for Emission Reducti
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Credit.* The percentages shall be determined from the total number of
retrofit systems certified and shall be met prior to the end of the
appiicable_next respective calendar year. “"California Exhaust Emission
Standards and Test Procedures for Systems Designed to Convert Motor Vehicles
Certified for 1993 and Earlier Model Years to Use Alcoho!l or
Alcohol/Gasoline Fuels™ shall not be applied to certify a retrofit system or
installation on a transitional low-emission vehicle ("TLEY"), low-emission
vehicle (“LEY"), or ultra-low-emission vehicle ("ULEV") or to certify a
retrofit system designed to convert a vehicle to TLEV, LEV, or ULEV emission
standards {as defined in Section 1960.1, Title 13, California Code of
Regu1at1°ﬂ$)MMMMﬂMMMMML
credits.

NOTE: Authority cited: Sections 39515, 39600, 39601 and 43006, Health and
Safety Code. Reference: Sections 43000, 43004, 43006, 43008.6, 43013 and
43108, Health and Safety Code; and Sections 27156, 38391 and 38395, Vehicle
Code.

D-6
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SECTION 1956.9, TITLE 13, CCR
Optional Exhaust Emission Standards for Retrofitted Heavy-Duty Engines

Adopted: November 21, 1995
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SECTION 1956.9, TITLE 13, CCR

§ 1956.9 Optional Exhaust Emission Standards for Retrofitted Heavy-Duty

1973 and later model-year heavy-duty engines that have been retrofitted to
produce emissions less than the original certification emission level may
be certified to optional emission standards as follows: ,

(2}{1) Total Hydrocarbons

{X - nx0.2) grams per brake horsepower-hour

where X = 0.75 x new engine total hydrocarbon standard for the
- engine’s model year, with the further requirement that X is

rounded down to the nearest tower 0.2 qrams per brake horsepower-

hour increment; and where n is an integer such that n x 0.2 is
greater than or equal to ze For diesel engines, X = 0.75 x -

.O-
original emission certification value for the enqine’s model
year., For enawnes originally certified to a combined hydrocarbon
plus oxides of nitrpgen standard. X = 0.75 x original engine
certification standard pro-rated by the hydrocarbon portion of
the original emission certification level. If the original
emission certification levels are not avajlable, the hydrocarbon
baseline standard shall be pro-rated by the hydrocarbon and
oxides of nitrogen values of the next later model vear with
separate hydrocarbon and oxides of nitrogen standards.

(a)(2) Non-methane Hydrocarbons

For enaines originally certified to an optional non-methane hydrocarbon
standard. . _

(X - nx0.2) grams per brake horsepower-hour

where X = 0.75 x new engine non-methane hydrocarbon standard for
the engine’s model year, with the further requirement that X is

rounded down to the nearest lower 0.2 grams per brake horsepower-

hour increment; and where n is an integer such that n x 0.2 is

reater than or equal to zero. For diesel engines, X = 0.75 X
original emission certification value for the engine’s model

year.

E-1
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b Ca}bon Monoxide
(X - nx5.0)

{e) 1972 and earl]

qrams per brake horsepower-hour
where X = 0.75 x new engine carbon monoxide standar

d for the’

rther requirement that X is

engine’s model year, with the fu
rounded ﬂown Lo the nearest lower 5 grams per brake horsepower-

hour increment: and where n is a

n_inteqer such that n x 5.0 is

X =0.75 x

l=

ear.:

{c) Oxides of Nifrogeﬁ

greater than or egual to zero. For diese] engine:
original emission cerfification value for the enq:

ne’s mode]

(X -nx0.5) grams per brake horsepower-hour

where X = 0.75 x new engine oxid

es of nitrogen standard for the

engine’s model year, with the fu
rounded down to the nearest lowe

rther reguirement that X is
r 0.5 grams per brake horsepower-

hour increment:; and where n is a

greater than or equal to zero.

n_integer such that n x 0.5
For engines originally certified

1o a combined hj

ydrocarbon plus ox

des of nitrogen standard.

X =0.75 x original engine certi

Fication standard, pro-rated by °

the oxides of nitr

ification Jeve

ugn“%grtion of
- the original emi

f the original emission
ssion certification

s are not available, the ox

ides of nitrogen baseline

standard shall be pro-rated

y the hydrocarbon and pxide:

s _of

nitrogen values of the next

ater model year with separat

e

hydrocarbon and oxides of

(d) Particulate Matter

f nitrogen standards.

(X - n x 0.05) arams per brake horsepower-hour

where X = 0.75 x new diesel engi

ne particulate matter standard

for the engine’s mode]l year, wit

h the further requirement that X

s _rounded down to the nearest ]

ower 0.05 grams per brake

horsepower-hour inc
x 0.05 is greater t

rement: and w
han or equal to zero.

here n_is an_integer such that n
For diesel engines_ that

were not originally certified to

a_particulate matter emission

stands

ard, X = 0.75 x 0.6 grams per

brake horsepower-hour

Gasol]
emiss

ne _engines m

3y not be cert
on standard 1

for particula

er model year engines may

as described i

tified to an optional ex
te matter.

haust

be certified to credit standards

n_{

J(1), (b). (c), and (d) usj

ng 1973 model vyear new

engine emission s

E-2
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{f) The test procedures for determining compliance with an optional standard
shall be the test procedure used to originally certify the engine. 1Jo

g%{t' Y :n an gpt1ona] em sseon standarg a_retrofitted enq1ne]must meet
a of the requirements of * alifornia Certification and Insta litwon
Procedures for Alterpatijve Fuel Retrofit Svs stems for Mo1or Vehicles
Certified for 5954 d Subseguent Model Years and for all Mode)] Year
Motor Vehicle etro$1; Systems Certified for Em1ss ons Reduction
Credit,” adopted March ]1, 1993, as amenﬂgd November 21, 1995, which is
incorgor;;gd by reference here1n. .

te: Authority cited: Sections 43701 (b) and {(c). Health and Fety Code

a
Ference: Sections 39002, 39003, 43000, 43004, 43006, 43008, 43013, and
108, Health and Sa?etx Code; and Sections 27156, 38391 and 383 5, Vehicle
e, '

=
o

w
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o
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Appendix D

CARB Correspondence Concerning Experimental Permit
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Appendix D

CARB Correspondence Concerning Experimental Permit

\"“ Air Resources Board

Robert F. Sawyer, Ph.D., Chair
Linda 5. Adame 9480 Telstar Avenue, Suile 4

Arnold Schwarzenegger

Sacretery for El Monte, California 91731 wwaw.arb.ca.gov Govermor

Emvironmental Protection

This is in response to your request for instructions on how to obtain an experimental permit
under the provisions of Health and Safety Code Section 43014,

To apply for an experimental permit, you must submit the following:
1. A brief description of your proposed modification. This description shall include:

A, The purpose of the modification.
B. Its basic theory of operation and functional characteristics,

2. A defined test program for obtaining pertinent data on drveability, fuel economy, and
emission effects as applicable.

= A statement indicating which, if any, emission control components are removed or
modified.

4. The make, model, year, and license number or vehicle identification number (VIN) of the

wvehicle(s) you plan to madify. If you are modifying a heavy-duty vehicle, please include
the engine serial number.

5. A statement indicating the disposition of the modified vehicle(s) at the end of the test
program.

Please forward all correspondence to:

Annette Hebert, Chief

Mobile Source Operations Division
California Air Resources Board
9480 Telstar Avenue, Suite 4

El Monte, C4A 81731

If you hawve any questions, please contact Ms. Rose Castro, Manager, Attermarket Parts
Section, at (626) 575-6848,

Sincerely,

Jackie Lourenco, Chief
Mew Vehicle/Engine Programs Branch

The enemy chalenge faang Caiforrvg iz real  Every Cabforman reeds fo take ireredate acofion o meduos anavgy conswnsan
For a list of amoke ways you oan reduce dermand and oul your ensngy cosls, see our websile, Diip dhensaw 3D o3 gov

Califomia Environmental Protection Agency
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California Vehicle Code 27156 Exemption Guidelines for Aftermarket H» Systems

California Vehicle Code 27156 anti-tampering exemption is obtained from the Air
Resources Board (ARB) through an application process. The exemption procedures for
on-road vehicle applications are contained in the “Procedures for Exemption of Add-On
and Modified Parts” (Procedures). The process is divided into two phases: the
application phase and the testing phase. During the application phase, there will be an
exchange of information between the manufacturer and the ARB on the aftermarket
system and its applicability. Once the ARB evaluates the system and its vehicle/engine
application, the ARB will select the appropriate test vehicle(s)/engine(s) and lay out the
test plan. During the testing phase, the manufacturer will arrange with an independent
test laboratory to carry out the ARB test plan. At the completion of testing, the ARB will
review the data and deny or issue an exemption. For exemption, the manufacturer will
need to demonstrate emissions, durability, and On-Board Diagnostic Il (OBD Il) System
compliance. The general guidelines for obtaining an exemption are outlined below:

Application
. Complete and submit the general criteria parts application in the Procedures.

Include with application:

System and system application®

Detailed description of system®

Fuel®

Installation instructions and adjustment instructions
System label

New tune-up/vacuum hose routing label

Existing emissions, durability, and OBD Il System test data®
CA Smog Check®

Safety information'

0. Manufacturer warranty (if any)

DNk GN =

1]

System: ICE to H»-ICE; hybrid ICE-electric to hybrid H»-ICE-electric;
engine modification; engine change; or other

System application: year, make, and model of vehicle/engine to be
converted; base engine platform and new platform (for engine change)
b Operating principles; parts added; parts removed; parts modified;
fueling/spark calibration; and OBD Il System

c H>, H2-CNG mixture, or other; method of mixing (i.e. on-board, at fueling
station, or other). Hasthe ARB Stationary Source Division evaluated the
fuel blend?

d What vehicle/engine was tested (i.e. year, make, and model); what types
of tests were performed? Is the tested system identical to production
system?

e Can the converted vehicle be tested under the Smog Check Program?

f Does the Ho/H2-CNG tank meet handling and storage safety standards

established by USDOT, NHTSA, CHP, etc.?

105



Testing

. Once the application phase is complete, commence testing following the ARB
test plan.
1. Emissions — test and compare emissions against new vehicle/engine
emission standards
2, Durability — provide test data and/or information showing system,
component, and emissions durability
3 OBD Il System — provide engineering evaluation and test data showing

functional OBD Il System. OBD Il System will be evaluated by the ARB
Advanced Engineering Section

Mail all correspondences to:
California Air Resources Board
9480 Telstar Avenue, Suite 4

El Monte, CA 91731
Attn: Aftermarket Parts Section
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California Environmental Protection Agency
AIR RESOURCES BOARD

9480 Telstar Ave., Suite 4

El Monte, CA 91731-2988

Form A

State of California
AIR RESOURCES BOARD

Vehicle Code Sections 27156 and 38391 Exemption Application
for General Criteria Parts

L. Name of Applicant

Address

Phone ()
2 Name of Device Manufacturer®

Address

Phone ()
3. Name of Authorized Representative™®*

Address

Phone ()
4. Test procedure (check one)

The test procedure to be used is:

_ Cold Start CVS-75 Federal Test Procedure

_ Cold 505

_____Hot Start CVS-75 (applicable to some diesel-powered vehicles)
5. Evaluation Criteria (check one)

This application is for certification to:

Emission Standards

Typical Baseline Emission Levels
* If different from name of applicant. Device as used herein is defined to mean add-on or modified

part.

#* An authorized representative may be required to prove that he/she is authorized to act on behalf of an
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California Environmental Protection Agency
AIR RESOURCES BOARD

9480 Telstar Ave., Suite 4

El Monte, CA 91731-2988

applicant or manufacturer.

6. Device Name (s)

7. Briefly describe the purpose of the device

8. Briefly describe the operation of the device

9. List vehicle names, model year, engine displacements and systems that are compatible with the

device, and for which exemption is requested. Specify the correct device model for each vehicle.

108



California Environmental Protection Agency
AIR RESOURCES BOARD

9480 Telstar Ave., Suite 4

El Monte, CA 91731-2988

10.  The following information is required for the Air Resources Board (ARB) to complete an
evaluation. Please place a check mark next to the items that are enclosed with the application and
provide an explanation for items that are not checked.

(a)____ A detailed description of the device including operating principles, cross-sectional
drawing, electrical schematics, and other such material to assist the staff in understanding
its operation.

(b)___ Copies of all advertising material to be used in selling devices including a sample or
facsimile of the packaging label. (Optional)

(c) ___A copy of the installation and adjustment instructions and drawings that will be included
with the device.

(d)__ A facsimile or prototype of the identification plate or label to be attached permanently to or
imprinted on or near each device offered for sale. The plate or label should be placed such
that it is visible after the device is installed, and should contain:

1) the manufacturers name
i1) the device name and model number
1i1) the Air Resources Board exemption number identified as
ARB E.O. No. D-XXX.

(e)___ A facsimile or prototype engine compartment plate or label located adjacent to, but not
covering, the vehicle manufacturers Vehicle Emission Control Information (tune-up)
label. This plate or label is only required if a change is recommended to vehicle
manufacturers tune-up parameters. In addition to the recommended tune-up parameter
changes, the plate or label must contain the same information as the device label.

(f)___ A list of the companies or persons that will manufacture the device under license.

11.  The ARB may require one or more devices for testing. Do you agree to provide the device(s) free
of costs?___ves_ no. The device(s) will be returned only if return is requested at the time the

device(s) are submitted.
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California Environmental Protection Agency
AIR RESOURCES BOARD

9480 Telstar Ave., Suite 4

El Monte, CA 91731-2988

Emission Statements

I affirm that to the best of my knowledge this device shall not cause the emission into the ambient air of
any noxious or toxic matter that is not emitted in the operation of such motor vehicle without

such device.

[ understand that an exemption, if granted, does not constitute a certification, accreditation, approval, or
any other type of endorsement by the Air Resources Board of any claims concerning alleged benefits of a
device. I further understand that no claims of any kind concerning anti-pollution benefits may be made

for an exempted device.

Signature of Authorized Representative:

Date;
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