TITLE 13. CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC HEARING TO CONSIDER THE «| EV |II” AMENDMENTS TO
THE CALIFORNIA GREENHOUSE GAS AND CRITERIA POLLUTANT EXHAUST AND
EVAPORATIVE EMISSION STANDARDS AND TEST PROCEDURES AND TO THE
ON-BOARD DIAGNOSTIC SYSTEM REQUIREMENTS FOR PASSENGER CARS,
LIGHT-DUTY TRUCKS, AND MEDIUM-DUTY VEHICLES, AND TO THE EVAPORATIVE
EMISSION REQUIREMENTS FOR HEAVY-DUTY VEHICLES

The Air Resources Board (ARB or Board) will conduct a public hearing at the time and
place noted below to consider adoption of a comprehensive set of “LEV 1II”
amendments to the California Low-Emission Vehicle (LEV) regulations. These
amendments reduce emissions of criteria pollutants from new light- and medium-duty
vehicles by: reducing fleet average emissions from new passenger cars, light-duty trucks,

- and medium-duty passenger vehicles to super ultra-low-emission vehicle levels by 2025;
replacing separate non-methane organic gas (NMOG) and oxides of nitrogen standards
(NOx) with combined NMOG plus NOx standards: increasing full useful life durability
requirements from 120,000 miles to 150,000 miles, which guarantees vehicles operate longer
at these proposed extremely low emission particulate levels; creating a backstop to assure
continued production of supér-ultra-low-emission vehicles after partial zero-emission vehicles
as a category are moved from the Zero-Emission Vehicle program to the LEV |l program in
2018 establishing more stringent particulate matter standards for fight- and medium-duty
vehicles: establishing zero fuel evaporative emission standards for passenger cars and
light-duty trucks, and more stringent evaporative standards for medium-duty vehicles;
establishing more stringent supplemental federal test procedure (SFTP) standards for
passenger cars and light-duty trucks; and, for the first time, requiring medium-duty vehicles to
meet SFTP standards. Other minor amendments (e.g., in-use verification testing
requirements, reporting reguirements, etc.) are proposed to align existing related
procedures with the principal amendments. These amendments also establish more
stringent greenhouse gas regulations that: are comprised of three emission standards; a
CO, standard, a CH, standard and a N»O standard; use a footprint-based approach to
reduce emissions from new light-duty vehicles and medium-duty passenger vehicles:
provide credits for improvements to the vehicle air conditioning system (either from the
use of a refrigerant with a low Giobal Warming Potential or by incorporating
improvements to the efficiency of the system); provide credits for technologies that
reduce CO» emissions but are not measured on the applicable test cycles ; and provide
credits for technology innovations on the largest of pickup trucks. This comprehensive
set of amendments, part of the Advanced Clean Cars regulatory proposals to be heard
as a package on the same day, address multiple pollutant types in the context of
California’s passenger motor vehicle program as a whole.



DATE: January 26, 2012
TIME: 9:00 a.m.

PLACE: Metropolitan Water District of Southern California
700 N. Alameda Street
Los Angeles, CA 90012-2944

This item will be considered at a two-day meeting of the Board, which will commence at
9-00 a.m., January 26, 2012, and may continue at 8:30 a.m., on January 27, 2012. This
item may not be considered until January 27, 2012. Please consult the agenda for the
hearing, which will be available at least 10 days before January 26, 2012, to determine
the day on which this item will be considered.

INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT
OVERVIEW

Sections Affected: Proposed amendments to California Code of Regulations, title 13,
sections 1900, 1956.8, 1960.1, 1961, 1961.1, 1965, 1968.2, 1968.5, 1976, 1978, 2037,
2038, 2062, 2112, 2139, 2140, 2145, 2147, 2235 and 2317; and to the following
documents incorporated by reference therein: "California Exhaust Emission Standards
and Test Procedures for 2001 and Subsequent Model Passenger Cars, Light-Duty
Trucks, and Medium-Duty Vehicles," as last amended September 27, 2010; "California
Evaporative Emission Standards and Test Procedures for 2001 and Subsequent Model
Motor Vehicles," as last amended September 27, 2010; "California Refueling Emission
Standards and Test Procedures for 2001 and Subsequent Model Motor Vehicles.” as
last amended September 27, 2010 ; "Specifications for Fill Pipes and Openings of Motor
Vehicle Fuel Tanks," as last amended January 22, 1990; "California Exhaust Emission
Standards and Test Procedures for 2004 and Subsequent Model Heavy-Duty
Otto-Cycle Engines," as last amended September 27, 2010; "California Exhaust
Emission Standards and Test Procedures for 2004 and Subsequent Model Heavy-Duty
Diesel Engines and Vehicles," as last amended October 12, 2011; "California
Environmental Performance Label Specifications for 2009 and Subsequent Model Year
Passenger Cars, Light-Duty Trucks, and Medium-Duty Passenger Vehicles, " as
adopted May 2, 2008; "California Test Procedure for Evaluating Substitute Fuels and
New Clean Fuels, " as adopted November 2, 1993; and proposed new "Specifications
for Fill Pipes and Openings of 2015 and Subsequent Motor Vehicle Fuel Tanks;" and
proposed new "California Test Procedure for Evaluating Substitute Fuels and New
Clean Fuels in 2015 and Subsequent Years."

Proposed adoption in California Code of Regulations, title 13, of new sections 1961.2
and 1961.3 and new "California 2015 and Subseguent Model Criteria Pollutant Exhaust
Emission Standards and Test Procedures and 2017 and Subseguent Model
Greenhouse Gas Exhaust Emission Standards and Test Procedures for Passenger
Cars, Light-Duty Trucks, and Medium-Duty Vehicles® incorporated by reference therein,
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and amendment of the following document incorporated by reference therein: "California
Non-Methane Organic Gas Test Procedures,” as last amended July 30, 2002.

Background

California’s Current Criteria Pollutant Emission Standards
The LEV Il Program

in 1998, California adopted the second phase of the Low-Emission Vehicle Program
(LEV). These amendments, known as LEV ll, set more stringent fleet average non-
methane organic gas (NMOG) requirements for mode! years 2004-2010 for passenger
cars and light-duty trucks, established additional emission categories to provide
compliance flexibility with the revised fleet average requirements, and established a
new emissions category, partial zero-emission vehicle (PZEV) that could be used
toward meeting the zero-emission vehicle requirement. The amendments also
expanded the heavier light-duty truck (LDT2) category to include trucks and sport utility
vehicles up to 8,500 lbs. gross vehicle weight rating (GVWR) and required these
vehicles to meet the same emission standards as passenger cars, and extended full
useful life from 100,000 mifes to 120,000 miles. The LEV Il amendments also
established more stringent emission standards for medium-duty vehicles (MDVs)
between 8 501-14.000 lbs. GVW. The following table lists the vehicle ciasses affected
by the current LEV program.

Vehicle Class Weight Range'
Passenger cars All weights
Light-duty truck 1 0-3750 Ibs. LVW

Light-duty truck 2 3751 Ibs. LVW — 8,500 Ibs. GVWR
8,501-10,000 Ibs. GVWR
| 10,001-14,000 lbs GVWR

Medium-duty vehicle

Other principal features of the current LEV program foliow.

" There are several classifications for vehicles based on weight. Curb weight is defined as the actual
weight of the vehicle. Loaded vehicle weight (LVW) is defined as the curb weight pius 300 pounds.
Gross vehicle weight rating (GVYWR) is the maximum designed loaded weight of the vehicle; this means
curb weight of the vehicle plus full payload. '



Supplemental FTP Emission Regulations

Emissions from aggressive driving and from air conditioner use are not accounted for
during typical emission testing for criteria pollutants, using the Federal Test Procedures
(FTP). Instead, these “off-cycle” emissions are subject to the California Supplemental
Federal Test Procedures (SFTP). :

Evaporative Emission Regulations

Compliance with the current evaporative emission regulations, adopted as part of the
LEV Il Program, is based on meeting three separate certification “whole vehicle”
emission standards. Specifically, these include the running loss emission standard, the
three-day diurnal plus high-temperature hot soak (three-day) emission standard, and
the two-day diurnal plus moderate-temperature hot soak (two-day) emission standard.?
The running ioss emission standard ensures evaporative emission control during
vehicle driving. The three-day emission standard ensures that the evaporative system
can control evaporative emissions for three consecutive hot summer days. The two-day
emission standard ensures an effective strategy to purge the vehicle carbon canister.

As an option, a manufacturer may certify its passenger cars and light-duty trucks to
more stringent reguirements by complying with zero-evaporative emission standards.
Specifically, these requirements consist of more stringent three-day and two-day whole
vehicle emission standards, as well as a "zero” fuel evaporative emission standard.
Over the two-day and three-day test procedures, passenger cars must meet a 0.35
grams per test hydrocarbon emission standard (higher levels are allowed for larger
vehicies), which includes fuel and non-fuel hydrocarbon emissions. They must also
meet the zero-evaporative emission standards, which require a vehicle to emit no more
than 0.054 grams per test of fuel-only evaporative emissions. Currently, manufacturers
certify to zero-evaporative emission standards in order to qualify for Partial Zero-
Emission Vehicle (PZEV) credits under the ZEV regulatory mandate. This PZEV
certification and crediting applies only if the vehicle's exhaust emissions are also
certified to SULEV exhaust standards with a 150,000-mile useful life and a 150,000 mile
emission warranty. :

Environmental Performance Label

Currently, all new vehicles sold in California must include a California Environmental
Performance Label, which provides consumers with a user-friendly scoring system for
comparing the relative smog emissions (Smog Score) and global warming emissions
(Global Warming Score) from comparable vehicles. Both scores are based on a scale
of 1 -10, with 10 being the cleanest and 5 representing an average new car.

? Compliance with the running loss and three-day emission standards is demonstrated over a three-day
diurnal test procedure. Compliance with the two-aay emission standard is demonstrated over a two-day
giurnal test procedure.
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Since the spring of 2010, ARB staff has advised the U.S. Environmental Protection
Agency (USEPA) and the National Highway Traffic Safety Administration (NHTSA) on
its proposal to revise the federal Fuel Economy Label, so that as revised it could serve
as an alternative to the California Environmental Performance Label.

Important California requirements addressed by the final, adopted federal label
included:

. Adding the following statement to the label: “Vehicle emissions are a significant
cause of climate change and smog”

. Having a ciear statement about upstream emissions and having a clear place to
find this information on a regional basis.

. Including all cars in a single rating system rather than segregating by size or
class.

. Including both a Greenhouse Gas and Fuel Economy Rating® and a Smog Rating

from 1 to 10 with 10 being best.

In June 2011, USEPA and NHTSA published 40 CFR Parts 85, 86, and 600 providing
requirements for the new Fuel Economy and Environment Label. This new Federal
Label is required on all new cars starting with Model Year 2013 and can be affixed
earlier on a voluntary basis. :

On-Board Diagnostic Systems

Second generation on-board diagnostics (OBD Il) systems are comprised mainly of
software designed into the vehicle’s on-board computer to detect emission control
system malfunctions as they occur by monitoring virtually every component and system
that can cause an increase in emissions. When an emission-related malfunction is
detected, the OBD |i system alerts the vehicle owner by illuminating the malfunction
indicator light (MIL) on the instrument panel. By alerting the owner of malfunctions as
they oceur, repairs can be sought promptly, which results in fewer emissions from the
vehicle. Additionally, the OBD Il system stores important information including
identification of the faulty component or system and the nature of the fault, which
typically allow for quick diagnosis and proper repair of the problem by technicians. This
helps owners achieve less expensive repairs and promotes repairs done correctly the
first time.

Manufacturers recently approached ARB staff and requested regulation changes that
they indicated were needed immediately in order to ensure compliance when they
certify their 2013 model year vehicles. Manufacturers and ARB staff held discussions
with interested manufacturers, including a face-to-face meeting on July 27, 2011, to
discuss their proposal.

In response to the manufacturers’ requests, staff agreed to minor changes to the OBD I
regulation, which would have negligible emission impact.

® The federal value is tied only to tailpipe GHGs and excludes other vehicular GHGs (e.g. air conditioning
refrigerant).



E10 Certification Fuel

The California certification fuel used for testing exhaust and evaporative emissions on
passenger cars, light-duty trucks, medium-duty vehicles, and heavy-duty gasoline
engines and vehicles currently contains the oxygenate methyl tertiary butyl ether
(MTBE) in the quantity of 10.8 to 11.2 volume percent {equivalent to 2.0 percent oxygen
by weight). MTBE was banned for use in California gasoline starting December 31,
2003. As a result of the ban of MTBE, ethanol became the prevalent oxygenate used in
California gasoline. After the ban, refiners began adding approximately 5.7 volume
percent ethanol to gasoline, which is equivalent to 2.0 percent oxygen by weight.
California gasoline contained 5.7 percent ethanal until the end of 2009. in 2010,
Galifornia refiners transitioned to producing gasoline containing 10 percent by volume
ethanol (E10). Currently, all gasoline in California contains 10 percent ethano! and will
continue to contain 10 percent ethanol for the foreseeable future. While the oxygenate
and oxygenate amount have changed in in-use California gasoline, the certification fuel
on which emission testing is being done has not.

California’s Current (Pavley) Greenhouse Gas Emission Standards

Citing compelling and extracrdinary air quality and other impacts California faces from
global warming, in 2002 the Legisiature passed and the Governor signed Assembly Bill
(AR) 1493 (Pavley). This bill requires ARB to develop and adopt regulations to achieve
the maximum feasible and cost-effective reduction of heat-trapping greenhouse gas
emissions from passenger motor vehicles, beginning with the 2008 model year. The
Board approved regulations at its September 2004 hearing, and they were adopted in
their final form in August 2005,

Subsequent to that hearing, automakers, California, and the federal government
committed to a series of actions to resolve ongoing disputes over the California
standards through model year 2016. The result of this agreement was the development
of a national greenhouse gas program for passenger vehicles that achieves equivalent
or better emission reductions as the California program, additional compliance
flexibilities provided in the California program, and agreement by California to accept
manufacturers’ demonstrated compliance with U.S. EPA-adopted greenhouse gas
standards as compliance with California’s standards for the 2012 through 2016 model
years.



Development of California’s Proposed Greenhouse Gas Emission Standards

in May of 2010, USEPA and NHTSA issued a Notice of Intent to develop greenhouse
gas emission standards for passenger vehicles for the 2017 through 2025 model years.
The Notice requested that USEPA and NHTSA work closely with ARB on a 2010
technical assessment that would evaluate technologies and costs to achieve varying
levels of GHG emission reductions through model year 2025. The result was a
September 2010 Interim Technical Assessment Report, jointly authored by USEPA,
NHTSA, and ARB. Subsequent to that collaborative technical work, ARB staff has
closely monitored the work of USEPA and NHTSA, and the agencies’ staffs continued
to jointly meet with various stakeholders (e.g., individual automakers, automotive
suppliers, environmentalists, labor unions), examine updated technical materials, and
develop consistent technology assumptions.

Current Proposal

Criteria Pollutant Emission Standards

In order to achieve further criteria emission reductions from the passenger vehicle fleet,
staff is proposing several amendments representing a significant strengthening of the
current LEV program. The major elements of the proposed LEV Il program are:

» A reduction of fleet average emissions of new passenger cars (PCs),
light-duty trucks (LDTs) and medium-duty passenger vehicles (MDPVs) to
super ultra-low-emission vehicle (SULEV) levels by 2025;

e The replacement of separate NMOG and oxides of nitrogen (NOx) standards
with combined NMOG plus NOx standards, providing automobile
manufacturers with more flexibility in meeting these stringent standards;

¢ Increasing full useful life durability requirements from 120,000 miles to
150,000 miles, which guarantees vehicles operate longer at these extremely
low emission levels; 4

» A backstop to assure continued production of super-ultra-low-emission
vehicles after PZEVs as a category are moved from the Zero-Emission
Vehicle program to the LEV il program in 2018;

e More stringent particulate standards for light- and medium-duty vehicles,
which will reduce health effects including premature deaths associated with
these emissions;

e Zero fuel evaporative emission standards for PCs and LDTs, and more
stringent evaporative standards for medium-duty vehicles (MDVs);

» More stringent supplemental federal test procedure (SFTP) standards for PC
and LDTs, including particulate matter (PM) emission standards, which
reflect more aggressive real world driving and, for the first time, require
MDVs to meet SFTP standards;



« Minor changes to the OBD I regulation, California Code of Regulations (Cal.
Code Regs.), title 13, section 1968.2, and its associated enforcement
regulation, section 1988.5, which provide slight additional lead time to meet a
new monitoring requirement or minimal adjustment of a menitoring threshold
for detecting an emission issue; and

« Certification fuel that contains 10 percent ethanol and is representative of
current in-use fuel.

Greenhouse Gas Emission Standards

Based on the Interim Technical Assessment Report, ARB developed its second
generation greenhouse gas reguiations that will apply for the 2017 and subsequent
model years. These regulations incorporate many of the elements of the proposed
national rule, including separate emission standards for carbon dioxide (CO;), methane
(CH4), and nitrous oxide (N;O), providing credits toward the CO- standard if a
manufacturer reduces refrigerant emissions from the vehicle’s air conditioning system,
and using a footprint-based approach for reducing emissions. Under this footprint-
based approach, target CO; values are assigned for different vehicles based on the
model type and the footprint (i.e. the area described by wheelbase times the average
track width of the vehicle) of the vehicle. The overall emission reductions required of
each manufacturer would be unique to that manufacturer based on the mix of vehicles it
sells. The proposed California reguiations also provide credits for using verifiable GHG
emission-reduction technologies that are not fully accounted for with the established
regulatory test cycle procedures. And the proposed regulations would aliow
manufacturers to demonstrate compliance with California’s proposed standards by
demonstrating to ARB Naticnal Program compliance.

While ARB has worked closely to coordinate development of the California and national
greenhouse programs, there are a number of provisions that are unigue to Caiifornia.
First, California’s proposed regulations would continue to require that the CO»-
equivaient emissions from electric vehicles, off-vehicle charge capable hybrid electric
vehicles (also known as “plug-in” hybrid electric vehicles), fuel cell vehicles, and ethanol
vehicles be calculated by taking into account the upstream emissions from these
vehicles. Also, the California proposal maintains the current option for a manufacturer
to “pool” its sales of vehicles to California, the District of Columbia, and those states that
have adopted California’'s motor vehicle regulations pursuant to section 177 of the
Clean Air Act. However, a manufacturer that elects to demonstrate compliance with
California’s proposed regulations by pooling its sales must continue to maintain and
report separate sales and emissions values for each pooled entity.

COMPARABLE FEDERAL REGULATIONS

Criteria Pollutant Emission Standards

There are currently no comparable federal criteria pollutant emission standards for 2015
and subsequent model passenger vehicles as stringent as this proposed California rule.
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However, USEPA has indicated that it expects to issue a Notice of Proposed
Rulemaking (NPRM) for their “Tier 3" next generation of criteria poliutant emission
standards in January 2012, which will apply to 2017 and subsequent model year
vehicles. Staff expects the Tier 3 program to be comparable to the California proposed
rule in the applicable timeframe. This national rule is expected to be finalized in late-
2012.

Greenhouse Gas Emission Standards

There are currently no comparable federal greenhouse gas emission standards that are
as stringent as the proposed standards for 2017 and subsequent model passenger
vehicles. (The current federal greenhouse gas emission standards for the 2016 and
subsequent model years are comparabie to those applicable in California in the 2016
model year). However, on November 16, 2011, an NPRM was issued by USEPA and
NHTSA for a joint rulemaking that proposes a coordinated federal greenhouse gas
emission reduction and fuel economy pregram for light-duty vehicles, beginning in the
2017 model year. This national rule is expected to be finalized by the end of July 2012.
There are no significant differences between the proposed California greenhouse gas
regulations and those presented in the NPRM. Furthermore, staff does not expect there
to be any significant differences between the proposed California greenhouse gas
regulations and those in USEPA’s Final Rule.

AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSONS

ARB staff has prepared a Staff Report: Initial Statement of Reasons (ISOR) for the
proposed regulatory action, which includes a summary of the economic and
environmental impacts of the proposal. The report is entitled: “Staff Report:

Initial Statement of Reasons for Proposed Rulemaking, Public Hearing to Consider the
“LEV ilI” Amendments to the California Greenhouse Gas and Criteria Pollutant Exhaust
and Evaporative Emission Standards and Test Procedures and to the On-Board
Diagnostic System Requirements for Passenger Cars, Light-Duty Trucks, and Medium-
Duty Vehicles, and to the Evaporative Emission Requirements for Heavy-Duty Vehicles.

Copies of the ISOR and the full text of the proposed regulatory language, in underline
and strikeout format to allow for comparison with the existing regulations, may be
accessed on ARB'’s website listed below, or may be obtained from the Public
Information Office, Air Resources Board, 1001 | Sireet, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 95814, (816) 322-2990, on
December 7, 2011.

Upon its completion, the Final Statement of Reasons (FSOR) will be available and
copies may be requested from the agency contact persons in this notice, or may be
accessed on ARB’s website listed below.

Inquiries concerning the substance of the proposed regulation may be directed to the
designated agency contact persons, Mr. Paul Hughes, Manager, Low-Emission Vehicle



Implemehtation Section, at (626) 575-6977, or Ms. Sarah Carter, Staff Air Pollution
Specialist, at (626) 575-6845.

Further, the agency representative and designated back-up contact persons, to whom
non substantive inquiries concerning the proposed administrative action may be
directed are Ms. Lori Andreoni, Manager, Board Administration and Regulatory
Coordination Unit, (916) 322-4011, or Ms. Trini Balcazar, Regulations Coordinator,
(916) 445-9564. The Board staff has compiled a record for this rulemaking action,
which includes all the information upon which the proposal is based. This material is
available for inspection upon request to the contact persons.

This notice, the ISOR and all subsequent regulatory documents, including the FSOR,
when completed, are available on ARB's website for this rulemaking at
htte/fwwew . arb ca.goviregact/201 2/ levilighg2 01 2/ieviiighg2012.him

COSTS TO PUBLIC AGENCIES AND TO BUSINESSES AND PERSONS AFFECTED

The determinations of the Board's Executive Officer concerning the costs or savings
necessarily incurred by public agencies and private persons and businesses in
reasonable compliance with the proposed regulations are presented below.

Pursuant to Government Code sections 11346.5(a)(5) and 11346.5(2)(6), the Executive
Officer has determined that the proposed regulatory action would not create costs or
savings to any State agency or in federal funding to the State, costs or mandate to any
local agency or school district, whether or not reimbursable by the State pursuant to
Government Code, title 2, division 4, part 7 (commencing with section 17500), or other
nondiscretionary cost or savings to State or local agencies, except that there is
expected to be an unguantifiable reduction in future gasoline tax revenue due to this
proposal.

In developing this regulatory proposal, ARB staff evaluated the potential economic
impacts on representative private persons or businesses. The proposal is expected to
increase the annual cost of compliance for vehicle manufacturers that are subject to

the requirements of California’s Low-Emission Vehicle regulations by approximately

$40 million per manufacturer, which is assumed to be passed on in full to consumers.
The proposal is therefore expected to result in a $1900 average increase in the
purchase price of a new passenger vehicle when the standards include the cost
associated with the ZEV program are fully phased in; however, purchasers of these new
vehicles are expected to realize an average net savings of $4,000 per vehicle due to
decreased operating costs.

The Executive Officer has made an initial determination that the proposed regulatory
action would not have a significant statewide adverse economic impact directly affecting
businesses, including the ability of California businesses 1o compete with businesses in
other states, or on representative private persons.

In accordance with Government Code section 113486.3, the Executive Officer has
determined that the proposed regulatory action would create approximately 67,000 new
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jobs and eliminate approximately 30,000 current jobs within the State of California. The
proposed regulatory action would not affect the creation or elimination of directly
affected businesses within the State of California. However, both directly affected
businesses along with businesses in other sectors within the State of California could
expand or contract as a result of the proposed regulations. A detailed assessment of
the economic impacts of the propesed regulatory action can be found in the ISOR.

The Executive Officer has also determined, pursuant to California Code of Regulations,
title 1, section 4, that the proposed regulatory action would not directly affect small
businesses, because the proposed LEV Il regulations do not apply to small businesses.

In accordance with Government Code sections 11346.3(c) and 11346.5(a)(11), the
Executive Officer has found that the reporting requirements of the regulation which
apply to businesses are necessary for the heaith, safety, and welfare of the people of
the State of California.

Before taking final action on the proposed regulatory action, the Board must determine
that no reasonable alternative considered by the Board, or that has otherwise been
identified and brought to the attention of the Board, would be more effective in carrying
out the purpose for which the action is proposed, or would be as effective and less
burdensome to affected private persons than the proposed action.

ENVIRONMENTAL ANALYSIS

In accordance with ARB's certified regulatory program, California Code of Regulations,
title 17, sections 60006 through 60007, and the California Environmental Quality Act,
Public Resources Code section 21080.5, ARB has conducted an analysis of the
potential for significant adverse and beneficial environmental impacts associated with
the proposed regulatory action. The environmental analysis of the proposed regulatory
action can be found in Appendix B of the |ISOR.

SUBMITTAL OF COMMENTS

Interested members of the public may present comments orally or in writing at the
meeting, and comments may be submitted by postal mail or by electronic submittal
before the meeting. The public comment period for this regulatory action will begin on
December 12, 2011. To be considered by the Board, written comments, not physically
submitted at the meeting, must be submitted on or after December 12, 2011 and
received no later than 12:00 noon on January 25, 2012, and must be addressed to the
following:

Postal mail: Clerk of the Board, Air Resources Board
1001 | Street, Sacramento, California 95814

Electronic submittal: hitp://iwww art ca gov/lispubicomm/belisi.php
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You can sign up online in advance to speak at the Board meeting when you submit
an electronic board item comment. For more information go to:

nttpdiwww . aris. ce gl avioard/online-signup. num.

Please note that under the California Public Records Act (Gov. Code, § 6250 et seq.),
your written and oral comments, attachments, and associated contact information (e .g.,
your address, phone, email, etc.) become part of the public record and can be released
to the public upon request.

ARB requests that written and email statements on this item be filed at least 10 days
prior to the hearing so that ARB staff and Board members have additional time to
consider each comment. The Board encourages members of the public to bring to the
attention of staff in advance of the hearing any suggestions for modification of the
proposed regulatory action.

Additionally, the Board requests but does not require that persons who submit written

comments to the Board reference the title of the proposal in their comments to facilitate
review.

STATUTORY AUTHORITY AND REFERENCES

This regulatory action is proposed under the authority granted in Health and Safety
Code, sections 38510, 38560, 38562, 39500, 39515, 39600, 39601, 39667, 43006,
43013, 43018, 43018.5, 43101, 43104, 43103, 43200, 43210, 43210.5, and 44036.2,
and Vehicle Code section 27158. This action is proposed to implement, interpret, and
make specific sections 38501, 38510, 38560, 239002, 39003, 39667, 40000, 43000,
43004, 43006, 43008.6, 43009.5, 43100, 43101, 43101.5, 43102, 43104, 43106, 43205,
43205.5 43210, 43211, 43212, and 43213, Health and Safety Code.

HEARING PROCEDURES

The public hearing will be conducted in accordance with the California Administrative
Pracedure Act, Government Code, title 2, division 3, part 1, chapter 3.5 (commencing
with section 11340).

Following the public hearing, the Board may adopt the regulatory language as originally
proposed, or with non-substantial or grammatical modifications. The Board may also
adopt the proposed regulatory language with other modifications if the text as modified
is sufficiently related to the originally proposed text that the public was adequately
placed on notice that the regulatory language as modified could result from the
proposed regulatory action; in such event, the full regulatory text, with the modifications
clearly indicated, will be made available to the public, for written comment, at least
15-days before it is adopted.
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The public may request a copy of the modified regulatory text from ARB’s Public
Information Office, Air Resources Board, 1001 1 Street, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 95814, (916) 322-23990.

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:

« An interpreter to be availabie at the hearing;
. Documents made available in an alternate format or another language; or
. A disability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk
of the Board at (916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible,
but no later than 10 business days before the scheduled Board hearing.
TTY/TDD/Speech to Speech users may dial 711 for the California Relay Service.

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de fas
siguientes:

« Un intérprete que esté disponible en la audiencia.
. Documentos disponibles en un formato alterno u otro idioma.
« Una acomodacion razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de otro idioma, por favor
llame a la oficina del Consejo al (816) 322-5594 o envie un fax a (916) 322-3828 lo mas
pronto posible, pero no menos de 10 dias de trabajo antes del dia programado para la
audiencia del Consejo. TTY/TDD/Personas que necesiten este servicio pueden marcar
el 711 para el Servicio de Retransmision de Mensajes de California.

CALIFORNIA AIR RESOURCES BOARD

“James N. Goldstene
Executive Officer

Date: November 29, 2011

The energy challenge facing California is real. Every Californian needs to take immediate action to
reduce energy consumption. For a list of simpie ways you can reduce demand and cut your energy
costs, see our website at www.arb.ca.gov
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EXECUTIVE SUMMARY
Background

Despite significant progress in reducing smog-forming and particulate matter criteria
emissions from the passenger vehicle fleet, California needs further reductions in order
to meet State and federal ambient air quality standards. In addition, climate change
continues to pose a serious threat to the economic well-being, public health, natural
resources, and environment of California. To address the challenge presented by
climate change, vehicle greenhouse gas (GHG) emissions must be drastically reduced
to meet our goal of an 80% reduction from 1990 levels by 2050.

California’s Light-Duty Vehicle Program

Criteria Emissions

In 1990, the Air Resources Board (ARB or Board) established the Low Emission Vehicle
(LEV) program that contained the mast stringent exhaust emission regulations ever for
light-duty passenger cars and trucks. The regulations included three primary elements:
(1) tiers of increasingly stringent exhaust emission standards, (2) a fleet-average
emission requirement for 1994-2003 that required manufacturers to phase-in a
progressively cleaner mix of vehicles from year to year, and (3) a requirement that a
specified percentage of passenger cars and lighter light-duty trucks be zero emission
vehicles (ZEVs), vehicles with zero emissions of any pollutants.

In 1999, ARB adopted the second phase of the LEV program. These amendments,
known as LEV Il, set more stringent fleet average non-methane organic gas (NMOG)
requirements for model years 2004-2010 for passenger cars and light-duty trucks and
established a new more stringent super ultra-low emissicn vehicle (SULEV) standard.
In addition, a partial zero-emission vehicle (PZEV) category was established for
vehicles meeting the SULEV emission standard that aiso included extended 150,000-
mile durability, zero fuel evaporative emissions, and extended emission warranty
requirements. PZEVs could be used to meet a portion of the zero-emission vehicle
requirement. The amendments aiso expanded the light-duty truck category to include
trucks and SUVs up to 8,500 Ibs. gross vehicle weight rating (GVWR} and required
these vehicies to meet the same emission standards as passenger cars, and extended
full useful life from 100,000 miles to 120,000 miles. The LEV Il amendments also
established more stringent emission standards for medium-duty vehicles (MDVs)
between 8,501-14,000 Ibs. GVW. '

Greenhouse Gas Emissions

Recognizing the increasing threat of climate change to the well-being of California’s
citizens and the environment, in 2002 the legislature adopted and the Governor signed
AB 1493 (Chapter 200, Statutes 2002, Pavley). AB 1493 directed ARB to adopt the
maximum feasible and cost-effective reductions in GHG emissions from light-duty
vehicles. Vehicle GHG emissions included carbon dioxide (CO;), methane (CHa), and
nitrous oxide (N»O) that are emitted from the tailpipe, as wel!l as emissions of HFC134a,
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the refrigerant currently used in most vehicle air conditioning systems. Table ES-1
below lists the global warming potential of these GHGs.

Table ES-1. Numerical Estimates Of Global Warming Potentials ComPared With CO,
(Kilograms Of Gas Per Kilogram Of CO, -- Adapted From IPCC 2007¢c ')

Climate Lifetime Global Warming Potential
Pollutants (years) 20 years 100 years 500 years
CO, ~150 1 1 1
CH,4 12 72 25 7.6
N,O 114 289 298 153

HFC134a 14 3830 1300 435

As directed by AB 1493, ARB adopted what is commonly referred to as the Pavley
regulations, the first in the nation to require significant reductions of GHGs from motor
vehicles. These regulations, covering the 2009-2016 and later model years, call for a
17% overall reduction in climate change emissions from the light-duty fleet by 2020 and
a 25% overall reduction by 2030. They also formed the foundation for the federal GHG
program for light-duty vehicles for 2012-2016 model years.

After the Board adopted the Pavley regulations, the legislature adopted and the
Governor signed AB 32, the California Global Warming Solutions Act (Chapter 488,
Statutes 2006, Nufiez/Pavley). AB 32 charges ARB with the responsibility of monitoring
and regulating GHG emissicns in the State. AB 32 also directed ARB to prepare a
Scoping Plan outlining the State’s strategy to achieve the maximum feasible and cost-
effective reductions in furtherance of reducing GHG emissions to 1990 levels by 2020.
Measure T1 of the Scoping Plan anticipates an additional 3.8 million metric tons carbon
dioxide equivalent (MMTCO.e) reduction by 2020 beyond the reductions from the 2009-
2016 AB 1493 standards.

In addition, in 2005, in order to mitigate the long-term impacts of climate change, the
Governor issued Executive Order S-3-05. Among other actions, the Executive Order
called for reducing GHG emissions to 80 percent below 1990 levels by 2050. This
ambitious yet achievable reduction path and goal are considered necessary to stabilize
the long-term climate.

ZEV Program

Although originally part of the LEV program, in 1999, in recognition of the increasing
maturity of zero emission technologies and the critical role they can play in achieving
California’s air quality goals, ARB established the ZEV program as a stand-alone one.
Since then, the program has been modified several times to address the pace of
development of zero emission technologies.

" IPcc 2007c; Working Group I: The Physical Science Basis, Chapter 2. Changes in Atmospheric Constituents and in Radiative
Forcing, available at hitp://www.ipcc.ch/pdf/assessment-report/ard/wg1/ard-wg1-chapter?.pdf
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At its March 2008 hearing, the Board directed staff to redesign the 2015 and later model
year ZEV program by strengthening the requirement and focusing primarily on zero
emission technologies — battery electric vehicles, hydrogen fuel cell vehicles, and plug-
in hybrid electric vehicles — in order to ensure that these low GHG technology vehicles
transition from the demonstration phase to full commercialization in a reasonable
timeframe. The resulting proposed amendments to the ZEV program are presented in a
separate staff report, also part of this comprehensive vehicle rulemaking package, the
Advanced Clean Cars program.

Advanced Clean Cars Program

Continuing its leadership role in the development of innovative and ground breaking
emission control programs and to achieve California’s goals of meeting ambient air
quality standards and reducing climate changing GHG emissions, ARB staff has
developed the Advanced Clean Cars (ACC) program. The Advanced Clean Cars
program combines the control of smaog-causing pallutants and greenhouse gas
emissions into a single coordinated package of requirements for model years 2015
through 2025 and assures the development of environmentally superior cars that will
continue to deliver the performance, utility, and safety vehicle owners have come to
expect. The ZEV program will act as the focused technology-forcing piece of the
Advanced Clean Cars program by requiring manufacturers to produce increasing
numbers of pure ZEVs and plug-in hybrid electric vehicles in the 2018-2025 model
years. In addition, the Advanced Clean Cars program includes amendments to the
Clean Fuels Outlet regulation that will assure ultra-clean fuels such as hydrogen are
available to meet vehicle demands brought on by these amendments to the ZEV
program.

Beyond 2025, the dominant force for lowering emissions from vehicles in California will
be climate change. In order tc meet our 2050 GHG goal, the new vehicle feet will need
to be primarily composed of advanced technology vehicles such as electric and fuel cell
vehicles by 2035 in order to have nearly an entire new and used advanced technology
fleet by 2050. Accordingly, the Advanced Clean Cars program coordinates the goals of
the LEV, ZEV, and Clean Fuels Qutlet programs in order to lay the foundation for the
commercialization and support of these ultra-clean vehicles.

Figure ES-1 shows the cumulative on-road passenger vehicle fleet mix for one scenario
developed by staff that achieves California’s 2050 GHG emission reduction goal.
Importantly, ZEV sales must constitute nearly 100% of new vehicles in 2040 for ZEVs to
constitute approximately 87% of the on-road fleet by 2050.
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Figure ES-1. On Road Light-Duty Vehicle Scenario to Reach 2050 Goal
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Criteria Emission Standards and New Certification Fuel Requirements

In order to achieve further criteria emission reductions from the passenger vehicle fleet,
staff is proposing several amendments representing a significant strengthening of the
LEV program. The major elements of the proposed LEV Ill program are:

A reduction of fleet average emissions of new passenger cars (PCs), light-
duty trucks (LDTs) and medium-duty passenger vehicles (MDPVs) to super
ultra-low-emission vehicle (SULEV) levels by 2025;

Replacement of separate NMOG and oxides of nitrogen (NOx) standards
with combined NMOG plus NOx standards, which provides automobile
manufacturers with additional flexibility in meeting the new stringent
standards;

An increase of full useful life durability requirements from 120,000 miles to

150,000 miles, which guarantees vehicles operate tonger at these extremely
low emission levels;

A backstop to assure continued production of super-ultra-low-emission
vehicles after PZEVs as a category are moved from the Zero-Emission
Vehicle program to the LEV program in 2018;

More stringent particulate matter (PM) standards for light- and medium-duty
vehicles, which will reduce the health effects and premature deaths
associated with these emissions;
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¢ Zero fuel evaporative emission standards for PCs and LDTs, and more
stringent evaporative standards for medium- and heavy-duty vehicles
(MDVs);

» More stringent supplemental federal test procedure (SFTP) standards for PC
and LDTs, which refiect more aggressive real world driving and, for the first
time, require MDVs to meet SFTP standards.

Table ES-2 below lists the proposed fleet average NMOG plus NOx requirements for
PCs, LDTs, and MDPVs for model years 2015-2025.

Table ES-2. Fleet Average NMOG Plus NOx Exhaust Emission Requirements for Light-
Duty Vehicles (150,000 mile Durability Basis)

Fleet Average NMOG plus NOx
Model Year (grams per mile)
All PCs; LDT1s LDTZs; MDPV
2015 0.100 0.119
2016 0.093 0.110
2017 0.086 0.101
2018 0.079 0.092
2019 0.072 0.083
2020 0.065 0.074
2021 0.058 0.085
2022 0.051 0.056
2023 0.044 0.047
2024 0.037 0.038
2025 0.030 0.030

Staff is also proposing three additional light-duty vehicle emission standards: (ULEV70,
ULEV50, and SULEVZ20) to which manufacturers may certify their vehicles when
meeting the fleet average emission requirement. The numerical part of the standard
category, such as 20 in SULEV20, refers to the emission standard, in thousandths of a
gram per mile. Combined with an extended fleet average emission requirement phase-
in period, providing these additional emission standards will allow manufacturers to
phase-in additional emission componentry across their fleet in a cost-effective manner.

Current California certification gasoline contains methyl tertiary butyl ether (MTBE) as
an oxygenate, reflecting commercial gasoline sold prior to 2003 and as such does not
represent gasoline currently sold in California, which does not contain MTBE. The
current maximum ethanol content allowed in commercial gasoline is 10 percent by
volume and is expected to remain at 10 percent for the foreseeabie future. Accordingly,
staff is proposing to change the certification fuel specifications to be more
representative of current in-use fuel. Staff is also proposing that vehicles certify on a
fuel that reflects the octane requirement that they are operated on in-use. Therefore, for
vehicles that consumers must operate on premium fuel to maintain warranty coverage,
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manufacturers may certify on premium grade fuel, while all others must certify on
regular grade fuel.

Greenhouse Gas Emission Standards

The proposed GHG emission standards would reduce new passenger vehicle carbon
dioxide (COy) emissions from their model year 2016 levels by approximately 34% by
model year 2025, from about 251 to about 166 gCO./mile, based on the projected mix
of vehicles sold in California. The basic structure of the standards includes two
categories — passenger cars and light-duty trucks — that are consistent with federal
categories for light-duty vehicles. The standard targets would reduce car CO;
emissions by about 36% and truck CO, emissions by about 32% from model year 2016
through 2025. Figure ES-2 illustrates the basic target emission trends that are
projected from the car and truck standards.

For the 2017-2025 model year standards, ARB proposes to use the United States
Environmental Protection Agency (USEPA) approach and adopt separate standards for
CO;3, CH4, and NO.

Figure ES-2. Target Emission Reductions from GHG Standards
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Table ES-3 shows the year-by-year new vehicle CO, reductions that are projected as a
result of the standards from cars, light-duty trucks, and combined light-duty vehicles.
The projected result overall from 2016-2025 from these standards is to reduce car CO»
emissions by approximately 4.9%/year, reduce truck CO, emissions by approximately
4.1%lyear, and reduce combined light-duty CO, emissions by approximately 4.5%/year
from 2016 through 2025. These CO, emission reduction estimations are approximate
because the required emission level to achieve compliance with the standards for each
vehicle manufacturer depends on their ultimate sales mix of vehicles.
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Table ES-3. Projected Targets for Light-Duty Vehicle gCO,/mile Emission Rates

Model Car Truck Combined light-duty
ear .| Annual -1 Annual . Annual
y 9COIMI | hiange | 9O/ | change | 9C0#Mi | “Cpince
Baseline 2008 291 396 336
2013 256 2.8% 330 2.8% 283 2.6%
Previous 2014 248 3.3% 321 2.8% 275 2.8%
Rule.Targets 2015 236 4.5% 308 4.5% 263 4.3%
2016 226 4.5% 292 4.5% 251 4.4%
2017 213 55% 290 0.7% 243 3.2%
2018 203 4. 9% 280 3.5% 233 4.2%
2019 192 52%. 273 2.8% 224 4.0%
Proposed 2020 183 4.9% 264 3.0% 215 3.9%
Rulemaking 2021 173 5.5% 245 7.5% 201 6.3%
Targets 2022 165 4.4% 233 4.9% 192 4.6%
2023 158 4.5% 221 4.9% 183 4.8%
2024 151 4.5% 210 5.0% 174 4.8%
2025 144 4.6% 200 4 9% 166 4.8%
Average change, (2016-2025) 4.9% 4.1% 4.5%
Change, 2008-2016 -23% -26% 25%
Change, 2016-2025 -36% -32% -34%
Change, 2008-2025 -51% -50% -51%

Notes: Car, truck, averall targets shown are based on projected sales of vehicles by footprint, category (ultimate gCOx/mile
levels are determined by end-of-year sales); the ariginal California GHG standards for model years 2009-2011 are based on
a different two-category system (PC/LDT1 and LDT2} than the car and truck system of the 2012-2016 federal standards and
proposed 2017-2025 standards; Difference of individual columns may not match due to rounding.

The already low CH, and N,O standards will reflect the same stringency as the prior
GHG standards. The net result is that, like the current 2009-2016 California GHG
standards, the proposed 2017-2025 standards account for all major sources of vehicle
GHG emissions, including upstream emissions associated with vehicle fuels. In
addition, California is proposing to align its vehicle air conditioning system requirements
with federal requirements.

Maximum Feasible and Cost-Effective Technologies

Vehicle manufacturers need sufficient lead-time to implement new technologies across
their vehicle lines both from a feasibility and cost-effectiveness standpoint.
Manufacturers will be resource challenged over the next 15 years as they strive to
develop and implement technologies ranging from advanced gasoline and diesel
engines to electric and fuel cell vehicies, while at the same time lowering criteria
emissions of their combustion engines. The phase-in of the Advanced Clean Cars
program requirements recognizes this by providing manufacturers with significant lead-
time and considerable compliance flexibility.

Criteria Emissions

The technology for controlling vehicle emissions is well understood and manufacturers
have a wide range of emission control technologies available to achieve SULEV
emissions. Many of these technologies are already being used today on vehicles
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meeting LEV |l requirements and staff anticipates that with ongoing improvements to
the effectiveness of these technologies, particularly catalyst technology, manufacturers
will be able to meet the proposed LEV Il requirements. For some vehicles, specifically
the heavier vehicles with larger displacement engines, additional emission control
componentry such as secondary air and hydrocarbon adsorbers may be required to
achieve the proposed emission levels.

Greenhouse Gas Emissions

The proposed GHG standards are also predicated on many existing and emerging
technologies that increase engine and transmission efficiency, reduce vehicle energy
loads, improve auxiliary and accessory efficiency, and that recognize increasingly
electrified vehicle subsystems with hybrid and electric drivetrains. The previous
rulemakings (i.e., California’s 2009-2016 and federal 2012-2016 standards) established
an original technical basis for the proposed GHG standards. This rulemaking builds on
this existing technical foundation with new technical data and understanding of evolving
state-of-the-art engine, transmission, hybrid, and electric-drive technologies. As part of
this effort, and without conceding any of California’s separate authority, staff has been
working with the USEPA and the National Highway Transportation Safety Administration
(NHTSA) since early iast year to develop a unified national GHG program for motor
vehicles beyond 20186 that will also meet California’s GHG goals.

Environmental Impacts

Criteria Emissions

Table ES-4, Table ES-5, and Table ES-6 provide the emission benefits for calendar
years 2023, 2025, and 2035 for reactive organic gas (ROG), oxides of nitrogen (NOx),
and particulate matter (PM2.5) respectively. Emission benefits are nearly fully realized
in the 2035-2040 timeframe when most vehicles operating in the fleet are expected to
be compliant with the proposed Advanced Clean Car standards. By 2035 ROG
statewide emissions would be reduced by an additional 34 percent, NOx emissions by
an additional 37 percent, and PM2.5 emissions by 10 percent.

Table ES-4, Statewide and Regional Emission Benefits of the Advanced Clean Car
Program: Reactive Organic Gas (ROG)

Statewide ROG (tons/day
Adjusted Proposed
Ci',ee’;fa’ Baseline with | Regulationwith | Benefits RF;ZLC;{‘;n
Rebound Rebound
2023 189.6 182.9 6.6 3%
2025 1755 164.4 1.1 6%
2035 141 .1 93.6 47 .4 34%
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" Table ES-5. Statewide Emission Benefits of the Advanced Clean Car Program: Oxides of

Nitrogen (NOx)

Statewide NOx (tons/day)
Adjusted Proposed
Calendar | Baseline with Reguiation | Benefits rooroent
Rebound with Rebound
2023 201.3 185.6 15.7 8%
2025 183.6 161.2 224 12%
2035 136.8 86.4 50.4 37%

Table ES-6. Statewide and Regional Emission Benefits of the Advanced Clean Car

Program: Particulate Matter (PM2.5)

Statewide PM2.5 (tons/day)
Adjusted Proposed
Ce;llzr;criar Basejline with RegEIation Benefits RZ?chcggn
Rebound with Rebound
2023 26.7 26.0 0.6 2%
2025 27.2 26.3 0.9 3%
2035 29.7 26.8 2.9 10%

Staff used EMFAC 2011 to estimate the environmental benefits of the Advanced Clean
Cars program. Staff's analysis concluded that because the operating costs of vehicles
meeting the GHG standards will decrease, vehicle use may increase. This effect is
known as the rebound effect. When rebound rates were included in the inventory, there
were negligibly (approximately one percent) fewer emission reductions compared to the
substantial overall emission reductions expected from the Advanced Clean Car
regulations package.

Greenhouse Gas Emissions

The Advanced Clean Cars program would provide major reductions in greenhouse gas
emissions. Table ES-7 shows the greenhouse gas emission benefits in 2020, 2025,
2035, and 2050. By 2025, CO; equivalent emissions would be reduced by almost 14
Million Metric Tons (MMT) per year, which is 12 percent from baseline levels. The
reduction increases in 2035 to 32 MMT/Year, a 27 percent reduction from baseline
levels. By 2050, the proposed regulation will reduce emissions by more than 42
MMT/Year, a reduction of 33 percent from baseline levels. Viewed cumulatively from
2017 through 2050, the proposed Advanced Clean Cars regulation would reduce
emissions by more than 870 MMT CO, Equivalent.
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Table ES-7. CO,-Equivalent (CO;e) Emission Benefits from Advanced Clean Car
Regulations

Statewide CO.e Emissions (Million Metric Tons / Year)
Adj Proposed
Ca\l(zr;c:ar Basgjlrns;evsnh Regulaption with Benefits RZZTci:gn

Rebound Rebound
2020 111.2 108.1 3.1 3%
2025 109.9 96.3 13.7 12%
2035 114.8 83.2 31.5 27%
2050 131.0 88.3 42.7 33%

Cost Effectiveness

Critetia Emissions

Staff based its cost-effectiveness analysis on the projected increase in vehicle price
assuming all new vehicles meet the SULEV emission standard in 2025. Based on the
2008 fleet, staff determined that the average incremental retail costs for light-duty LEV
[l vehicles in 2025 are as shown in Table ES-8.

Table ES-8. Incremental vehicle price increase for 2025 criteria pollutant standard
compliance

" , Engine size Average Average
Vehicle Imtualpasglme . incremegntal increme%atal
Category certlgfslt 'ON 4 4yl | B-cyl | 8-cyl price price
($/vehicle) ($/vehicle)
LEV $87 | $142 | $248 $130
PC/LDT1 | ULEV $50 $83 | $161 $68 $55
SULEV $0 30 $0 30
LEV $87 | $142 | $248 $159
LDT2 ULEV $50 383 | $161 3111 $117
SULEV S0 $0 $0 50

The analysis concluded that the average cost-effectiveness of light-duty vehicles
meeting the LEV Il program exhaust requirements relative to the 2008 fleet is
approximately $4.00 per pound of NMOG + NOx reduced. Staff also concluded that,
since the proposed PM standards would be met by engine modifications during the
normal course of engine development, no incremental increase in vehicle price would
occur as a result. This cost estimate is likely conservative because the 2008 fleet
average emission requirement is less stringent than the 2010 fleet average emission
requirement when LEV Il is fully phased-in. In addition, the 2025 fleet is projected to
include a greater portion of downsized four and six cylinder engines that incur the lower
costs to meet SULEV emissions. Stationary source controls can range up to $10 per
pound of emissions reduced.
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Greenhouse Gas Emissions

Many of the technologies that reduce climate change emissions will also reduce the
operating costs of light-duty vehicies. Estimates of the average reduction in operating
cost of the new vehicles range from about 4 percent for MY2017 vehicles to over 25
percent for MY2025 vehicles. Based on these expected operating cost reductions and
projected gasoline prices, estimates of annual operating cost savings from 2015 through
2030 are provided in Table ES-9. As shown, for every dollar spent, the regulation could
~ save consumers about $3, for a cost-effectiveness in 2025 of $290 in savings per ton of
CO.e reduction. These savings include the expenditures on electricity and hydrogen
associated with operating the greater volume of ZEVs being proposed; in the absence
of the proposed ZEV requirements, the savings and cost effectiveness would be
greater. Overall, purchasers of new vehicles in 2017 and beyond would experience a
significant reduction in their operating cost as a result of the proposed regulation.

Table ES-9. Estimates of Total Annual Value of New Vehicle Operating Cost Savings for
Advanced Clean Cars (millions of 2009 Dollars)

Cumulative
Year Annualized Operating Saving tp
Incremental | Cost Savings | Cost Ratio
Cost
2015 31 $0 0.0
2016 54 $0 0.0
2017 $33 $228 7.0
2018 $100 $487 49
2019 5225 $915 4.1
2020 $392 $1,438 3.7
2021 $609 $2,092 3.4
2022 $868 $2,918 34
2023 $1,163 $3,751 3.2
2024 $1,495 $4,671 3.1
2025 $1,827 $5,755 3.1
2026 $2,153 $6,846 3.2
2027 $2,475 $7,843 3.2
2028 32,796 $8,803 3.1
2029 33,114 $9,709 3.1
2030 $3,430 $10,630 3.1

Note: Operating cost savings are weighted to include costs for efectricity
and hydrogen for fueling zero-emission vehicles.

Economic Impacts

The greenhouse gas element of the Advanced Clean Cars program may impact several
sectors of the economy. The steps that manufacturers will need to take to comply with
the Advanced Clean Cars program are expected to result in price increases for new
vehicles, while also leading to reduced operating costs, resulting in both positive and
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negative impacts on California businesses and consumers. Any vehicle price increase

will be borne by purchasers and may negatively affect businesses. However, the
operating cost savings from the use of more efficient vehicles will positively impact
consumers and most businesses. Based on staff's analysis, the net effect of the
program on the economy is expected to be small but positive. Tables ES-10, ES-11,

and ES-12 below show that overall, the benefits to California’s economy increase over

time as cleaner, more efficient vehicles transition into the vehicle fleet.

Table ES-10. Economic Impacts of the Proposed Advanced Clean Cars (ACC)

Regulations on the California Economy in Fiscal Year 2020 (2009 dollars)

o Without ACC With ACC . % of
California Economy Regulations Regulations Difference Total
Qutput (billions) $3,600 $3,602 52 0.1
Personal Income (billions) $2,171 $2,172 31 0.0
Employment (thousands) 17,913 17,919 6 0.0

Note: Difference of individual columns may not match due to rounding.

Table ES-11. Economic Impacts of the Proposed Advanced Clean Cars Regulations on
the California Economy in Fiscal Year 2025 (2009 dollars)

I Without ACC With ACC . % of

California E°°”°my Regulations Regulations Difference Total
Qutput (billion) $4,170 $4.178 58 0.2
Personal Income (billion) $2,525 $2 528 53 0.1
Employment {thousands) 18,966 18,987 21 0.1

Note: Difference of individual columns may not match due to rounding.

Table ES-12. Economic Impacts of the Proposed Advanced Clean Cars Regulations on
the California Economy in Fiscal Year 2030 (2009 dollars)

. Without ACC With ACC . % of

California Economy Regulations Regulations Difference Total
Output (billions) $4.881 . $4,895 $14 0.3
Personal Income (billions) $2,962 $2,968 36 0.2
Employment (thousands) 20,179 20,216 37 0.2

Note: Difference of individual columns may not match due to rounding.
Impacts on Low Income and Minority Communities

ARB has made the consideration of environmental justice an integral part of its
activities. Accordingly, staff evaluated the economic effects of the Advanced Clean
Cars program on low-income households. For those households who purchase new
vehicles, the economic effects of the regulations would be no different than on any other
consumer. However, because residents in low-income communities tend to purchase
used vehicles at a higher rate than residents in middle and high income communities,
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staff evaluated the effects of the program on the used vehicle market and, more
specifically, on low-income households that purchase used vehicles.

Staff concluded that, while the Advanced Clean Cars program will cause vehicle prices
to increase, like other consumers, low-income consumers will see a significant reduction
in vehicle operating costs. The fuel savings from more efficient used vehicles far
outweigh the annualized cost of purchasing the vehicle (price increase spread over the
years of ownership). Therefore, while purchase prices for used cars will increase by a
small percentage of income, any increase in price will be more than offset by the
operating cost savings. Tables ES-13 and ES-14 below show that whether purchasing
new or 10-year-old used model year 2025 vehicles, the consumer will experience a net
monthly savings from the program.

Table ES-13. Potential Impact on Monthly Loan Payment and Operating Cost Savings for
New 2025 MY Vehicles (2009 doliars)

Description Advanced Clean
cars Program
Average Increase in New Vehicle Price $1,900
Increase in Monthly Loan Payment $35
Net Lifetime Savings $4,000
Monthly Operating Cost Savings $48
Net Monthly Savings $12
Payback Period (Years) 2.9

Note: Difference of individual columns may not match due to rounding.

Table ES-14. Potential Impact on Monthly Loan Payment and Operating Cost Savings for
Used 2025 Vehicles (2009 dollars)

Description Advanced Clean
Cars Program
Increase in Used 2025 MY Vehicle Price in 2035 $440
Increase in Monthly Loan Payment $14
Net Lifetime Savings $2,000
Monthly Operating Cost Savings $36
Net Monthly Savings $22
Payback Period (Years) 0.9

Public Process for LEV lll Criteria and Greenhouse Gas Regulation Development

To support development of the Advanced Clean Cars program, beginning in March
2010, ARB staff held five public workshops to engage stakehoiders and obtain input on
the proposed regulations. These stakeholders primarily included representatives from
Original Equipment Manufacturers (OEMs) and vehicle component suppliers.
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These workshops were held at ARB offices in El Monte. The announcements and
materials for these workshops were posted on ARB’s website and distributed through a
list serve that included over 1,500 recipients. Each workshop attracted just over 50
attendees in person. Almost all of the meetings were either telecast, webcast or
available by teleconference. The dates and materiais presented at the workshops are
available on ARB’s LEV Hll website at
http.//www.arb.ca.gov/imsprog/levprog/leviii/leviii.htm.

ARB staff has also participated in dozens of individual meetings with vehicle
manufacturers and vehicle component suppliers to discuss the fiscal and technical
challenges presented by the proposed Advanced Clean Cars program. For the majority
of the meetings concerning GHG technologies staff participated jointly with USEPA and
NHTSA. :

Vehicle Labeling Requirements

Starting in the Spring of 2010, ARB staff began working with USEPA and NHTSA on a
new national Fuel Economy Label. Such a label could be used in lieu of the Caiifornia
Environmental Performance label that California has required for over a decade. As a
result, important California requirements are now addressed by the federal label. These
included:

¢ Adding the following statement to the label: “Vehicle emissions are a
significant cause of climate change and smog”

e Having a clear statement about upstream emissions and having a clear
place to find this information on a regional basis.

» Including all cars in the rating system rather than segregating by size or
class.

Because of this successful collaboration California is able to harmonize with the federal
labeling requirements.

On-Board Diagnostics Amendments

Staff is also proposing changes to the On-Board Diagnostics Il (OBD II) regulations.
Staff was not scheduled to go to the Board this year to update the OBD Il regulation;
however, manufacturers recently approached ARB staff and requested regulation
changes that they indicated were needed immediately in order to ensure compliance
when they certify their 2013 model year vehicles. The proposed amendments to the
OBD il regulation would include relaxation of a few requirements (e.g., delays to the
required start dates) in recognition of delays in technology development. Additionally,
manufacturers have requested that ARB staff propose clarifications to a few
requirements in the current OBD Il regulations, including those that address hybrid
vehicles. ARB staff has already discussed the proposed amendments with hybrid
manufacturers and have come to an agreement regarding these changes, which would
consist of only minor software changes.



Other Considerations

Vehicle manufacturers have urged ARB to harmonize the requirements of LEV Il with
the federal Tier 3 program currently under development, which is expected to be
finalized in mid-2012. While staff has worked with USEPA in an effort to align many of
the requirements of the two programs, some elements of the proposed LEV Il program
are expected to remain more stringent than the federal program in order to address
California’s unique air poliution problems. Nonetheless, staff believes that
manufacturers will be able to certify their vehicles to both California and federal
requirements when both programs are in effect.

Similarly, in response to an invitation by President Obama, ARB worked closely with
USEPA and NHTSA on the development of national GHG and fuel economy
requirements for 2017-2025. The footprint-indexed CO; standard target lines for 2017-
2025 were examined jointly by the three agencies in order to address the agencies’
regulatory requirements regarding technical feasibility and cost-effectiveness. While the
proposed COse standards for 2017-2025 reflect the same level of technical stringency
for conventional vehicles staff anticipates will be adopted by USEPA in their final
rulemaking, the GHG element of California’s Advanced Clean Cars program remains
distinctive from the federal program because of its focus on California’s long-term GHG
goals. By including specific ZEV requirements, the Advanced Clean Cars program lays
the foundation to transform California’s light-duty fleet by ensuring that ultra clean
vehicles meeting consumer expectations will be commercially available in the timeframe
needed to achieve critical GHG reductions by 2050.

- Staff Recommendation -

ARB staff recommends that the Board adopt the LEV Il regulation as proposed in

this Initial Statement of Reasons. The proposed regulation is intended to achieve

the maximum feasible and cost effective reduction of criteria and GHG emissions from
new motor vehicles.

b s e Page ESA5 —-



Table of Contents

I. INTRODUCTION................ U ORPUUUN 1
A. OVERVIEW OF THE REGULATION ... 1
B. ORGANIZATION OF THE REPORT ..ot PO TOTRTPTP 2

. CALIFORNIA'S LOW-EMISSION VEHICLE CRITERIA POLLUTANT EMISSION

REGULATIONS e e ettt 3

A. PROPOSED AMENDMENTS TO CALIFORNIA'S LOW-EMISSION VEHICLE EXHAUST

EMISSION STANDARDS (LEV HIY ..o 3

1. BACKGROUND L. et e 3

2. SUMMARY OF PROPOSED AMENDMENTS .....ocoiiiiiieiiee e 4

3. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS ... 29

4. COST ANALY SIS ...t 37

5. OUTSTANDING ISSUES ... ..o e 42
6. REGULATORY ALTERNATIVES TO EXHAUST CRITERIA POLLUTANT EMISSION

P R O P O S AL e 42

B. CALIFORNIA'S EVAPORATIVE EMISSION REGULATIONS ..o 43

1. BACKGROUND ..o e 43

2. SUMMARY OF PROPOSED AMENDMENTS .......c.ooooiviiiiiiinn, [T 46

3. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS ........cccooviniiiien. 82

4. COST ANALY SIS et 55

5. OUTSTANDING ISSUES ......ccoiiiiiiiiiiii et 56

6. REGULATORY ALTERNATIVES TO EVAPORATIVE EMISSION PROPOSAL.......... 58

C. VEHICLE LABELING REQUIREMENTS......... e e 59

1. BACKGROUND ..o e e 59

2. SUMMARY OF PROPOSED REGULATION ......ccoiiiiiiiiiniiii e et 61

3. COST ANALYSIS ..o et ettt e 61

D. MINOR AMENDMENTS TC THE ON-BOARD DIAGNOSTICS REGULATIONS............ 61

1. BACKGROUND ... e 61

2. SUMMARY OF PROPOSED AMENDMENTS........ccooiiiiiiniiiee e, 62

3. COST ANALYSIS . e ettt 72

li. CALIFORNIA'S LIGHT-DUTY GREENHOUSE GAS REGULATIONS ..., 73

A. PROPOSED AMENDMENTS TO CALIFORNIA'S LIGHT-DUTY GREENHOUSE GAS
EMISSION STANDARDS

O Page i



V.

A

V.

oo w >

m

V.
VII.

A
B.
C.

D.
E.

1. CLIMATE CHANGE OVERVIEW ..ot 73
2. NATIONAL GREENHOUSE GAS PROGRAM DEVELOPMENT ..o 97
3. SUMMARY OF PROPOSED REGULATION ... 97
4. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS ..........cccocooiiiinn 101
3. CLIMATE CHANGE EMISSION STANDARDS ..o 126
CERTIFICATION GASOLINE SPECIFICATIONS . ... oo 164
PROPOSED AMENDMENTS TO THE SPECIFICATIONS FOR CALIFORNIA
CERTIFICATION GASOLINE........oiiiiiiite e 164
1. BACKGROUND ..........cooiiiiiiiiiiei SO SR VPP PP PTPRTRUPRPTOPR 164
2. SUMMARY OF PROPOSED REGULATION .........oooviiniiiie SSUTTOTR 166
3. ALTERNATIVES TO THE PROPOSED E10 CERTIFICATION FUEL ....................... 171
EMISSIONS IMPACTS .. .o SOOI 171
OVERVIEW OF EMISSIONS INVENTORY METHODS ... 171
ASSESSING BENEFITS OF THE PROPOSED REGULATIONS ... 173
ASSESSING THE IMPACT OF THE REBOUND EFFECT ... 173
EMISSION BENEFITS OF THE PROPOSED ADVANCED CLEAN CARS PROGRAM
................................................................................................................................... 174
FUEL CYCLE EMISSIONS .. 178
HEALTH BENEFITS ASSOCIATED WITH REDUCTIONS IN PM AND NOx EMISSIONS
FROM PASSENGER VEHICLES RESULTING FROM IMPLEMENTATION OF THE LEV
I AND ZEV PROGRANMS ... 185
1 OVERVIEW 185
2. PREMATURE DEATH ESTIMATION METHODOLOGY ... 186
ENVIRONMENTAL IMPACTS ANALYSIS ..o 190
ECONOMIC IMPACT S e e e 191
LEGAL REQUIREMENTS ... e e 191
SUMMARY OF COMPLIANCE COST ESTIMATES .....c.oooioiiiicee e 192
POTENTIAL IMPACTS ON BUSINESS CREATION, ELIMINATION, OR EXPANSION
.................................................................................................................................... 197
1. ENVIRONMENTAL-DYNAMIC REVENUE ANALYSIS MODEL (E-DRAM)............... 198
2. AFFILIATED BUSINESSES e 201
3. ECONOMIC IMPACTS QUTSIDE OF CALIFORNIA ..o 202
POTENTIAL IMPACT ON CALIFORNIA BUSINESS COMPETITIVENESS ................. 203
ANCILLARY BENEFITS ...t 203

e Page ii [ — ——



1. SOCIAL COST OF CARBON . ..ottt 203
2. ADDITIONAL ANCILLIARY BENEFITS ..ot 207
F. POTENTIAL COSTS TO LOCAL AND STATE AGENCIES ... ..o 208
G. POTENTIAL IMPACT ON MONTHLY LOAN PAYMENT AND OPERATING SAVINGS
FORNEW VEHICLES ... oot 209
H. JUSTIFICATION FOR ADOPTING REGULATIONS DIFFERENT FROM FEDERAL
REGULATIONS ..o 210
L. CONCLUSION.........vt ettt et 210
VIII. IMPACTS ON MINORITY AND LOW-INCOME COMMUNITIES ..o 211
A. ARB ENVIRONMENTAL JUSTICE POLICY ...oeooeoeee oo, 211
1. AB 1493 REQUIREMENTS .. .. oo 211
2. AB 32 REQUIREMENTS . ..o, 212
3. OUTREACH TO MINORITY AND LOW-INCOME COMMUNITIES ..........cccooeennee. 212
B. POTENTIAL ENVIRONMENTAL IMPACTS ..ot 213
C. POTENTIAL ECONOMIC IMPACTS ..ot 213
1. POTENTIAL IMPACT ON A TYPICAL LOW-INCOME HOUSEHOLD ....................... 213
2. APPROACH ... o) 214
3. ASSUMPTIONS ...ttt e, 214
4. RESULTS oo, 215
5. ECONOMIC IMPACT ASSESSMENT ON AFFILIATED BUSINESSES IN LOW-
INCOME CITIES OF CALIFORNIA ..ottt e nseesses e 218
IX. OTHER CONSIDERATIONS .. ..o, 220
A. CONSUMER RESPONSE EFFECTS ON EMISSIONS AND STATE ECONOMY ....... 220
1. BACKGROUND ..o oo 220
2. IMPACTS ON VEHICLE PRICES AND OPERATING COSTS ....ocooiivoievieeee 221
3. IMPACTS ON VEHICLE SALES, FLEET SIZE, AND AVERAGE AGE...................... 224
4. IMPACTS ON CRITERIA EMISSIONS ...t 227
B. ALTERNATIVE APPROACH TO ASSESSING CONSUMER RESPONSE.................. 229
C. ENERGY COST AND DEMAND FOR NEW VEHICLES .......coooveoioeeieeeeeeeeeeee, 231
D. MANUFACTURER RESPONSE TO INCREASED VEHICLE PRICES ..............c......... 234
E. EFFECT OF INCREASED FUEL PRICE ......c.ooiiiiooeeeeeeeeeeee et 235
F. SUMMARY AND CONCLUSIONS ...t 236
X. SUMMARY AND STAFF RECOMMENDATION .......cocovvvoviioeeeeiee et 236
A, SUMMARY OF STAFF PROPOSAL ..o oo 236

R Page iii - L S e e i e s e e e



T Page iv ¢ r e s



l.  INTRODUCTION

Vehicle manufacturers have made remarkable progress in the last two decades in
achieving increasingly stringent emission requirements. Conventional vehicles meeting
ARB’s most stringent emission standards have achieved emission levels that seemed
impossible when the Low-Emission Vehicle (LEV) program was adopted in 1990.
However, despite significant progress in reducing criteria emissions from the vehicle
fleet, health-based State and federal ambient air quality standards continue to be
exceeded in regions throughout California.

To achieve the 1997 ozone standard by the attainment date in 2023, NOx emissions in
the greater Los Angeles region must be reduced by two thirds, even after considering all
of the control measures in place today. In the San Joaquin Valley, the 2007 State
Implementation Plan identified the need to reduce oxides of nitrogen emissions by 80
tons per day in 2023 through the use of long-term and advanced technology

strategies. To put this in context, this is equivalent to eliminating the NOx emissions
from all on-road vehicles operating in these regions. Furthermore, California’s growing
population and increasing use of motor vehicles will continue to exert upward pressure
on statewide emissions.

in addition, climate change continues to pose a serious threat to California. Global
warming is projected to have detrimental effects on some of California’s largest
industries (including agriculture and tourism), increase the strain on electricity supplies,
and contribute to unhealthy air. >>* While significant reductions of vehicle greenhouse
gas (GHG) emissions will be achieved by existing requirements of the LEV program,
due to increasing vehicle population and vehicle miles traveled, continuing upward
pressure beyond 2016 exists for GHG emissions. Furthermore, if we are to address the
challenge presented by climate change, vehicle GHG emissions must be drastically
reduced beyond current requirements to reach our goal of an 80% reduction from 1890
levels by 2050.

A, OVERVIEW OF THE REGULATION

As the first in the nation to recognize the contribution of motor vehicles to envircnmental
pollution, California has traditionally been a leader in the development of pioneering
vehicle emission control programs. Continuing this tradition, and recognizing
interrelated technologies reducing both criteria and GHG poltutants, the proposed LEV
1 regulations build upon the existing LEV program and address both criteria and GHG
emissions as part of a whole program. The criteria element of LEV lll calls for further
reductions in vehicle emissions by requiring the average emissions of new vehicles to
be equivalent to super-ultra-low emission (SULEV) levels by 2025. To place that in
context, SULEV emission levels represent a reduction from uncontrolled vehicle

2 CRNA 2008. California Natural Resources Agency. 2009. 2009 California Climate Adaptation Strategy’
UC Berkeley, 2008. University of California, Berkeley. November 2008. “Califomnia Climate Risk and Response”
* ARB 2009a. California Air Resources Board. May 11, 2009 Update. “Climate Change Scoping Plan”

http ://www _arb ca. gov!cc/scogingglan/document/scogmgplandocument htm
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emissions of greater than 99 percent. Phased-in from 2015-2025, the proposed criteria
pollutant emission program provides significant flexibility to manufacturers by providing:
1) an extended phase-in period for manufacturers to incorporate improved emission
control systems across their vehicle lines: 2) an array of emission standards to which
manufacturers may certify their vehicles, as long as their fleet average emissions meet
the declining fleet average requirement: and 3) combined non-methane organic gas
(NMOG) plus oxides of nitrogen (NOx) standards, which will enable manufacturers to
more cost-effectively tailor their emission control systems.

The GHG element of LEV Il essentially continues the LEV |l “Paviey” standards ARB
developed in 2003-2004 in response to AB 1493, and requires further reductions in
vehicle GHG emissions beyond 2016. Phased in from 2017-2025, LEV Il differs from
the fleet average GHG requirement of the Pavley standards in that it establishes a set of
footprint curves for each model year that sets target GHG emissions for each vehicle
model depending on its footprint (the area described by wheelbase times the average
track width of the vehicle). Similar to the criteria element of LEV lil, manufacturers may
produce models that emit above the footprint curve as long as their emissions are offset
by modeis that emit below the footprint curve. In essence, the GHG requirements for
LEV lll are based on the sales weighted fleet average footprint of a manufacturer’s
model lines and will vary between manufacturers depending on their vehicle model mix.
Therefore, the GHG element of LEV 11l will mirror the structure of planned federal GHG
requirements for motor vehicles.

B. ORGANIZATION OF THE REPORT

The report begins with a description of exhaust criteria emission requirements, including
the supplemental federal test procedure (SFTP), of the proposed LEV lil program
(section ILA.). This section also includes a discussion of the technical feasibility of the
proposed standards and staff's analysis of the compliance costs for manufacturers.
Section 11.B continues with a discussion of the proposed evaporative emission
requirements and the technical feasibility and costs to achieve the requirements.
Section lI.C discusses changes to California’s Environmental Performance labeling
requirements. Specifically discussed in this section is how staff worked with USEPA
and NHTSA to ensure that the new federal Fuel Economy and Environmental Label
meets California’s vehicle labeling requirements. California could thereby move to one
national vehicle labeling program to avoid confusion among consumers trying to
compare the environmental impacts of vehicles they are considering. Section Il
addresses the proposed greenhouse gas element of LEV |ll, starting with a discussion
on climate change and its impact on California’s economic well-being, public health,
natural resources, and environment. The section then describes the proposed GHG
requirements for light-duty vehicles and the technology and costs to comply. Section IV
discusses changes being proposed to the specifications for California certification fuel
that are designed to reflect the composition of current and future in-use gasoline.
Section V includes discussion of the emission benefits of the criteria and GHG elements
of LEV I, as well as discussions on fuel cycle emissions, health effects, and energy
cost and demand. Section VI summarizes the environmental analysis performed in




response to requirements of the California Environmental Quality Act. Section Vi
describes the economic impacts of the proposed regulations on California businesses,
State and local agencies, and individual consumers, while section VIlI focuses on the
economic impact on minority and low-income communities. Section IX covers other
considerations such as the effect of consumer response on emissions and the state
economy, alternative approaches to assessing consumer response, effects on vehicle
miles traveled, manufacturer response to increases in vehicle prices, and the effect of
increased fuel prices.

ll.  CALIFORNIA'S LOW-EMISSION VEHICLE CRITERIA POLLUTANT EMISSION
REGULATIONS

A. PROPOSED AMENDMENTS TO CALIFORNIA’S LOW-EMISSION VEHICLE
EXHAUST EMISSION STANDARDS (LEV Iil)

1. BACKGROUND

In 1899, California adopted the second phase of the Low-Emission Vehicle Program
(LEV). These amendments, known as LEV li, set more stringent fleet average non-
methane organic gas (NMOG) requirements for model years 2004-2010 for passenger
cars and light-duty trucks and established a new more stringent super ultra-low
emission vehicle (SULEV) standard. In addition, a partial zero-emission vehicle (PZEV)
category was established for vehicles meeting the SULEV emission standard that also
included extended 150,000-mile durability, zero fuel evaporative emissions, and
extended emission warranty requirements. PZEVs could be used to meet a portion of
the zerc-emission vehicle requirement. The amendments also expanded the light-duty
truck category to include trucks and SUVs up to 8,500 Ibs. gross vehicle weight rating
(GVWR) and required these vehicles to meet the same emission standards as
passenger cars, and extended full useful life from 100,000 miles to 120,000 miles. The
LEV Il amendments also established more stringent emission standards for medium-
duty vehicles (MDVs) between 8,501-14,000 Ibs. GVW. Table II-A-1-1 below lists the
vehicle classes affected by the LEV program.

Table lI-A-1-1. LEV Vehicle Classes

Vehicle Class Weight Range®
Passenger cars All weights
Light-duty truck 1 (LDT1} 0-3750 Ibs. LVW
Light-duty truck 2 (LDT2) 3751 lbs. LVW — 8,500 Ibs GVWR
Medium-duty vehicle 8,501-10,000 Ibs GVWR
10,001-14,000 Ibs GVWR

® There are several classifications for vehicles based on weight. Curb weight is defined as the actual weight of the
vehicle. Loaded vehicle weight (LVW) is defined as the curb weight plus 300 pounds. Gross vehicle weight rating
(GVWR) is the maximum designed loaded weight of the vehicle; this means curb weight of the vehicle plus full
payload.
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2. SUMMARY OF PROPOSED AMENDMENTS

In order to achieve further emission reductions from the light- and medium-duty fleet,
staff is proposing several amendments together that represent a significant
strengthening of the LEV program. The proposed amendments would:

* Reduce fleet average emissions of new light-duty vehicles to super-ultra-low-

emission vehicle (SULEV) levels by 2025, an approximate 75 percent
reduction;

¢ Replace separate NMOG and oxides of nitrogen (NOx) standards with
combined NMOG plus NOx standards;

» Establish additional emission standard categories to provide additional
options for compliance;

e Eliminate intermediate useful life (50,000 miles) standards;

» Increase full useful life durability requirements from 120,000 miles to 150,000
miles;

e Provide a backstop to help ensure continued production of super-ultra-low-
emission vehicles after PZEVs migrate from the Zero-Emission Vehicle
(ZEV) program to the LEV program in 2018. Without a backstop, beginning
in 2018, manufacturers would not need to produce SULEVs until 2023 in

- order to meet the fleet average requirement;

¢ Establish more stringent emission requirements for medium-duty vehicles
(MDV); ’

* Require all MDVs between 8,501-10,000 lbs, GVWR to certify on a chassis
dynamometer, which would greatly enhance the ability to perform in-use
compliance evaluation of these vehicles; '

» [Establish more stringent particulate matter (PM) standards for light- and
medium-duty vehicles;

» Establish more stringent evaporative emission standards for light-, medium-,

“and heavy-duty vehicles;

o Establish more stringent supplemental federal test procedure (SFTP,
reflecting more aggressive driving) standards for light-duty vehicles and, for
the first time, require medium-duty vehicles to meet SFTP standards;

» Allow pooled fleet average NMOG plus NOx emissions from California and
the federal Clean Air Act Section 177 States that adopt the LEV il program;
and

» Revise the Non-Methane Organic Gas Test Procedures.
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2.1. Proposed Federal Test Procedure Exhaust Emission Requirements

A complete description of the regulatory amendments is contained in the appendices; a
brief summary of each proposed amendment follows here.

2.1.1. Proposed NMOG Plus NOx SULEV Fleet Average Emission Requirement

As mentioned above, staff is proposing that the NMOG fleet average requirement be
replaced by a NMOG plus NOx fleet average requirement and be tightened down to
SULEV emission levels by 2025. This represents a reduction from the current fleet
average NMOG plus NOx emission requirement of approximately 75 percent. Table |-
A-2-1 below lists the proposed fleet average requirement for passenger cars, light-duty
trucks and medium-duty passenger vehicles (MDPV) for model years 2015-2025.

Table II-A-2-1. Fleet Average NMOG Plus NOx Exhaust Emission Requirements for Light-
Duty Vehicles (150,000 mile Durability Basis)

Fleet Average NMOG plus NOx
Model Year (grams per mile)
All PCs; LDT1s LDT2s; MDPV
2015 0.100 0.119
2016 ' 0.093 0.110
2017 0.086 0.101
2018 0.079 0.082
2019 0.072 0.083
2020 0.065 0.074
2021 0.058 0.065
2022 0.051 0.056
2023 0.044 0.047
2024 0.037 0.038
2025 0.030 0.030

Staff based the proposed SULEV level fleet average emission requirement in part on
current certification data for vehicles meeting the PZEV emission standard. Vehicles
meeting this emission standard represent a significant portion of the new light-duty
vehicle fleet currently marketed in California, and certification in the passenger car (PC),
light-duty truck 1 (LDT1), and light-duty truck 2 (LDT2) categories confirms feasibility. In
addition, manufacturers have indicated that with the application of improved emission
control systems they will be able to achieve this emission level across their light-duty
fleet. To provide sufficient development time for manufacturers to incorporate improved
emission control systems across their fleet, staff is proposing an extended eleven year
phase-in from 2015-2025 to meet the SULEV fleet average requirement. This phase-in
is also consistent with a similar phase-in of greenhouse gas requirements (2017-2025),
also part of this rulemaking, and recognizes that the resources needed to
simultaneously comply with muttiple requirements are not unlimited.
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2.1.2. Combined NMOG Plus NOx Emission Standards

Second, staff is proposing to combine the separate NMOG and NOx emission
standards into a single NMOG plus NOx standard. Table II-A-2-2 below includes the
proposed LEV Il NMOG plus NOx emission standard categories for PCs and LDTs.

Table 1I-A-2-2. Exhaust Federal Test Procedure Emission Standards for New 2015 and
Subsequent Model Year LEV lll Passenger Cars and Light-Duty Trucks

LEV lll Exhaust Mass Emission Standards for New 2015 and Subsequent Model
Passenger Cars, Light-Duty Trucks, and Medium-Duty Passenger Vehicles
NMOG + ‘
Durability Vehicle Oxides Carben .
Vehicle Type Vehicle | Emission | of | Monoxide F°'?;1“"l"nﬁ'i')yde Pa?"j;';“‘s
Basis {mi) | Category | Nitrogen (g/mi) 9 9
(g/mi)
LEV160 0.160 34 4 . 0.003
All PCs;
LDTs 8500 Ibs. GVWR ULEV125 0.125 1.7 4 0.003
or less; and
MDPVs 150,000 ULEVTOV 0.070 1.7 4 0.003
Vehicles in this category . ULEVS50 0.050 1.7 4 0.003
are tested at their

loaded vehicle weight SULEV30 0.030 1.0 4 0.003
SULEVZ20 0.020 1.0 4 0.003

Staff recognizes that achieving SULEV emission levels across the light-duty fleet
presents a significant challenge to vehicle manufacturers and is therefore proposing
several modifications designed to provide significant compliance flexibility without
compromising needed emission reductions. First, as noted above, staff is proposing to
replace separate NMOG and NOx emission standards with a combined NMOG plus
NOx standard. These standards were combined in part because of the challenges
achieving SULEV emission levels for larger vehicles. Specifically, achieving the 10
mg/mi SULEV NMOG standard is more problematic for vehicles equipped with larger
displacement engines than achieving the 20 mg/mi SULEV NOx standard. So, by
providing an opportunity to slightly exceed the existing 10 mg/mi NMOG standard, a
combined NMOG plus NOx standard would enable manufacturers to more cost-
effectively tailor their emission control systems while still achieving extremely fow
emission levels across their light-duty fleet. In contrast, though, smaller engines tend to
be easier to control for NMOG emissions, but with more stringent GHG standards, these
smaller engines will be under higher average loads, making NOx emission reductions
comparatively more challenging. From an environmental perspective, staff continues to
seek all technically feasible reductions of both NMOG and NOx, and the combined
standard approach assures this is accomplished across all models and engine
displacements very effectively.
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Staff is also proposing three additional light-duty vehicle emission standards (ULEV70,
ULEV50, and SULEV20) to which manufacturers may certify their vehicles when
meeting the fleet average emission requirement (as with LEV 1|, compliance is
determined by averaging the discrete emission standard achieved for each model sold
by the manufacturer, rather than the measured emissions from that model). Combined
with an extended fleet average emission requirement phase-in period, providing these
additional emission standards will allow manufacturers to phase-in additional emission
componentry across their fleet in a more cost-effective manner.

Table |I-A-2-3 below presents the phase-in requirements for passenger cars, light-duty
trucks, and medium-duty passenger vehicles certifying to the LEV Il FTP and SFTP
standards.

Table II-A-2-3. LEV Il Phase-in Requirements for Passenger Cars, Light-Duty Trudks, and
Medium-Duty Passenger Vehicles

LEV lll FTP and SFTP Phase-in
Year 2015 2016 2017 2018 2019
PC/LDT1 10% 20% 40% 70% 100%
LDT2/MDPV | 10% 20% 40% 70% 100%

2.1.3. Proposed Interim In-Use Emission Standards for Passenger Cars, Light-
Duty Trucks, and Medium-Duty Passenger Vehicles

Staff is proposing that during the phase-in period manufacturers would be subject to
less stringent in-use compliance standards (for the purpose of determining if a test
group is in non-compliance and a possible recall is warranted) for the first two years
after a test group is subject to a new, more stringent emission standard. These interim
in-use standards would apply only to vehicles certifying to ULEV70 and more stringent
emission standards. This provision reduces a manufacturer’s risk of recall should
emissions in-use turn out to be somewhat higher for a new technology than suggested
by development and pre-sale certification testing. Vehicles certifying to PZEV
requirements, including vehicles meeting the PZEV backstop provision (see section
ILA.2.1.7 below), would not qualify for such interim in-use standards. Accordingly, the
proposed interim standards will be applicable to those vehicles certifying to LEV il
requirements prior to model year 2019. Table 1l-A-2-4 below lists the proposed
intermediate in-use standards.
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Table ll-A-2-4. Passenger Car, Light-Duty Truck, and Medium-Duty Passenger Vehicle
Interim Federal Test Procedure In-Use Emission Standards

Emission Interim FTP in-Use Emission Standards
Standard NMOG+NOx (g/mi)

ULEV70 0.098

ULEV50 0.070

SULEV30 0.042

SULEV20 0.028

2.1.4. Proposed Elimination of Intermediate Useful Life Standards and Extension
of Full Useful Life Standards to 150,000 Miles

Currently, with the exception of the SULEV emission standard, manufacturers are
required to demonstrate compliance with an intermediate useful life standard at 50,000
miles and a full useful life standard at 120,000 miles. Staff is proposing to eliminate the
intermediate useful life emission standard for all emission standards and retain only the
full useful life emission standard. Eliminating the intermediate useful life standards will
align compliance requirements with the current SULEV requirement and federal Tier 2
requirements for emission standards for Bin 5 and below for light-duty vehicles. This
provision is being implemented in conjunction with a requirement extending full useful
life standards from 120,000 miles to 150,000 miles. Extending full useful life durability
from 120,000 miles to 150,000 miles would ensure more robust performance of
emission control systems and, consequently, lower in-use emissions as vehicles age.
Elimination of the intermediate useful life provision is not expected to impact vehicle in-
use emission performance.

2.1.5. Proposed NMOG Plus NOx-Highway Emission Standards

In order to control NOx emissions at speeds encountered on the highway test cycle,
LEV Il vehicles must certify to a highway NOx standard equal to 1.33 times the FTP
NOx standard. Staff is proposing to carry over this requirement into LEV IIl. However,
because the proposed LEV Il emission standards are combined NMOG plus NOx
standards, staff is proposing that NMOG plus NOx emissions on the highway emission
test cycle not exceed the applicable NMOG plus NOx FTP emission standard. While no
increase from FTP emissions is allowed under this approach, the combined NMOG plus
NOx highway requirement provides manufacturers with considerable compliance
flexibility in meeting this requirement, since current highway NMOG plus NOx emission
certification values indicate significant compliance headroom exists for a combined
highway emission standard.




2.1.6. Non-Methane Hydrocarbon/Non-Methane Organic Gas Factor

In the current LEV Il program, manufacturers are provided the option to apply a factor to
their non-methane hydrocarbon (NMHC) emissions when reporting NMOG emissions to
demonstrate compliance with the standards. The factor is based on current certification
fuel and accounts for the oxygenated hydrocarbon components of the exhaust that are
not measured by hydrocarbon instrumentation typically used in vehicle emission test
cells. As described in section IV below, current California certification gasoline contains
methyl tertiary butyl ether (MTBE) as an oxygenate, reflecting commercial gasoline sold
prior to 2003 and as such does not represent gasoline currently sold in California.
Therefore, staff is proposing to change gasoline certification fuel specifications to be
more representative of current in-use commercial fuel that contains 10 percent ethanol
as an oxygenate. Accordingly, staff is proposing a new factor for fuel containing 10
percent ethanol that was derived from emission test results from vehicles operating on
E10 from a test program contracted by the federal Department of Energy® to support the
federal waiver for E15. Based on the data from this study for E10 fuel specifically, a
NMHC/NMOG factor of 1.11 was derived for emissions generated by a fuel with 10
percent ethanol as an oxygenate.

2.1.7. Proposed Passenger Car, Light-Duty Truck, and Medium-Duty Passenger
Vehicle Particulate Matter Emission Standards

The LEV Il standard for particulate matter (PM) for light-duty vehicles is 0.010 grams
per mile. This standard was adopted primarily to provide an upper limit on PM
emissions from light-duty vehicles since test data from typical gasoline vehicles at that
time showed PM emission levels on the order of 0.001 to 0.002 grams per mile. Diese|
vehicles meeting this standard were expected to employ particulate filters. This action
also aligned California’s PM requirements with the federal Tier 2 program.

Since then, California and federal emission requirements to reduce greenhouse gas
emissions have fostered development of advanced internal combustion technology such
as gasoline direct injection engines (GDI). Unlike conventional internal combustion
engines using port fuel injection (PFI) where fuel is injected and mixed with air in the
intake manifold prior to entering the combustion chamber, as the name implies, GDI
engines inject fuel directly into the combustion chamber. Among other advantages, this
provides a cooling effect on the air/fuel mixture, allowing for higher compression ratios
and, therefore, improved engine efficiency and lower CO, emissions.

While test data from early versions of GDI engines have demonstrated compliance with
the current 0.010 grams per mile PM emission standard, some vehicles have tested at
measured PM emission levels of up to 0.008 grams per mile, significantly higher than
comparable vehicles with PF| engines that typically test at PM levels at 0.001 gram per
mile PM. However, later versions of GDI engines have tested at PM levels approaching
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0.001 grams per mile, indicating that significant improvements in PM emissions from
GDI engines are achievable.

First generation GDI engines, called wall-guided GDI, used side mounted fuel injectors
where the fuel spray pattern is formed by the piston crown and directed towards a
center-mounted spark plug. In these systems, some fuel may impinge on the cylinder
walls, valves, or other components, resulting in incomplete combustion and increased
PM formation. In later generation wall-guided GDI systems, fuel impingement is
minimized through use of higher pressure solenoid-controlled injectors that achieve a
more finely atomized fuel charge, careful changes in combustion chamber geometry,
piston shape, valve placement or other means. Perhaps even more effective, by again
using center-mounted higher pressure solenoid-controlled fuel injectors, very low levels
of PM emissions can be achieved more efficiently since the fuel charge would more
easily avoid impinging on intake and exhaust valves or other combustion chamber
components. This latter system is known as a spray-guided GDI system. Appendix P
provides a more detailed discussion of GDI technalogy and its impact on PM emissions.

Accordingly, to encourage the continued development of GDI engines that emit PM at
the same low levels as PF| engines, as listed in Table 11.A.2.1.2 above, staff is
proposing to reduce the PM standard from 0.010 grams per mile to 0.003 grams per
mile for PCs and LDTs. Table II-A-2-5 below presents the phase-in requirements for
this proposed 0.003 g/mi PM standard. The phase-in requirement represents the
minimum percent of a manufacturer's vehicle sales in each model year that must
comply with the proposed 0.003 g/mi- PM standard (whereas the remainder of the sales
must comply with the 0.010 g/mi PM standard).

Table lI-A-2-5. Particulate Matter Emission Standard Phase-In Requirements

Year 2017 | 2018 | 2019 | 2020 | 2021
PC/LDT1 10% | 20% | 40% | 70% | 100%
LDT2/MDPV 10% | 20% | 40% | 70% | 100%

Staff is also proposing an interim in-use compliance standard of 0.006 grams per mile
during the phase-in period. Accordingly, vehicles certifying to the 0.003 gram per mile
PM standard during model years 2017-2021, would be held to a 0.006 grams per mile
PM standard for in-use compliance testing. Manufacturers would be required to
emission test two test groups per year to demonstrate compliance with the proposed
PM standards. These test groups would be selected by ARB during the model year pre-
certification process. Manufacturers would also be required to perform PM emission
testing on one high-mileage in-use vehicle per test group.

To order to further reduce the health impacts of PM, staff is proposing to reduce the PM
standard to 0.001 grams per mile. This will ensure the continued development of low
PM GDI engine technology and associated PM measurement procedures. The
proposed phase-in for this standard is 25% in 2025, 50% in 2026, 75% in 2027, and
100% in 2028 for both PC/LDT1 and LDT2. The phase-in requirement represents the
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minimum percent of a manufacturer’s vehicle sates in each model year that must
comply with the proposed 0.001 g/mi PM standard (whereas the remainder of the sates
must comply with the 0.003 g/mi PM standard).

2.1.7.1. Reasoning for Removal of Earlier Staff Recommendation for New
Particle Number and Black Carbon Standards for the LEV {ll PM Proposal

The downward trend in new vehicle tailpipe emissions presents additional challenges to
the accurate and repeatable measurement of PM using the traditional gravimetric
approach. Consequently, these emerging challenges are promoting interest in
alternative measurement methods. At the November 2010 LEV lil workshop, ARB
sought comment on a proposal that would aliow manufacturers to certify for compliance
with the new proposed PM mass limits applicable to light- and medium-duty vehicles by
using an optional and equivalent certification approach based on a new Solid Particle
Number (SPN) standard. The proposed alternative wouid have required the
measurement of SPN emissions using the instrumentation, protocols, and test
procedures promulgated by the Particulate Measurement Programme (PMP). PMP
recommendations for particle mass and number measurements were adopted into the
Euro 5 and subsequent standards for cars. The PNP program is discussed in this
staff's report (Appendix P: Technical Support Document — Development of PM
standards).

Originally, ARB staff established, in a discussion paper published in May 2010, that the
intent of allowing for certification to an optional SPN standard was three-fold. First, the
particle number limit proposal was a means to provide some compliance flexibility to
vehicle manufacturers subject to LEV 1l who are also subject to the Euro standards.
Broadly, flexibility was based on allowing for the use of a common set of test data for
certification in Europe and California. Second, a SPN limit was seen as formal
recognition of the emerging importance of ultrafine particle number emissions and as an
update of the science underpinning California’s policies for clean cars. Finally, the
proposed SPN limit aliowed for a more practical, sensitive, and lower cost certification
test procedure that would demonstrate good PM control. Recognition of the importance
of the nexus between air and climate pollution also led to a preliminary recommendation
for a new black carbon (BC) emission standard for future cars.

New information and input provided to ARB staff suggests that there are still some
important knowledge gaps in critical areas. Subsequent analysis and consideration of
that information resuited in recognition that the proposal for SPN and BC standards was
premature. Thus, at this point, staff is not proposing new SPN or BC limits. Additional
discussion of knowledge gaps is provided below. However, staff is proposing more
stringent PM mass limits and is recognizing the need for continuing PM method
research and development efforts to help address the remaining data needs.
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The federal government is expected to make improvements to the gravimetric
measurement for PM mass encompassed in 40 Code of Federal Reguiations (CFR)
Part 1065 for applicability to LDV emissions. The changes will improve the sensitivity,
repeatability, and reproducibility of the technique and, hence, result in an accurate
measurement of PM mass at the 0.003 g/mi level of emissions. ARB anticipates that
the measurement of PM emissions at the 0.001 g/mi level will likely require further
improvements. For this reason, the new limits are proposed to be phased in over many
years in order to allow for, among other things, additional test method research and
development.

Alternative approaches to PM mass measurement will also be areas for additional
testing and research. Today, there is evidence of a statistical correlation between PM
mass, SPN, and BC. However, this evidence is very limited and nat as definitive as the
clear connection between higher temperatures and increased smog. At this time, ARB
lacks data on.the correlation of mass, nhumber, and BC for various L.DV technology
types (i.e., PFl, GDI, GPF-equipped LDVs, etc.), for low and high mileage vehicles, or
for vehicles with normal and abnormal oil consumption. This information is crucial
before a conclusive link between PM mass, SPN, and BC can be established.
However, the primary concern voiced by stakeholders with the proposed SPN
measurement under PMP is its exclusion of particles in the sub-23 nm size range.
Particles in this size range are known to be organic in nature and, hence, they are of
high interest from a health protection perspective. in addition, ARB research suggests
that exclusion of these particles does not appear to be necessary based on currently
available instruments and laboratory practices. Additional research is underway in this
area. Conversely, advantages to the aiternative metrics for SPN and BC have also
been observed. The measurement of BC appears to be an order of magnitude more
sensitive than the measurement of PM mass. And the measurement of SPN appears to
be an order of magnitude more sensitive than the measurement of BC. This implies
that measurement of either SPN or BC could demonstrate PM mass control and that
either method may be more than adequate for measuring the ultra-low PM emission
levels expected from future vehicles.

Black carbon emission reductions have great promise as part of climate change
mitigation efforts. Since Black Carbon is a potent short-lived warming agent with
emissions that can be considerably reduced using currently available technology,
emission reductions can provide rapid short-term reductions in radiative forcing and
hence slow global warming significantly in the short-term. Light-duty vehicles are
currentty a minor source of BC emissions compared to heavy-duty diesel engines.
CARB anticipates that the stringency of the proposed amendments to the existing PM
mass standard will result in reduced BC emissions that can yield significant local and
regional climate and health benefit.

ARB will continue work on PM mass measurement methods and also on alternative
approaches to the conventional mass-based measurement, with a focus on the 1
mg/mile standard for model year 2025. As discussed in Appendix P of this staff report,
the most promising alternatives today include the consideration of potential
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improvements to the European PMP approach so that it includes sub-23 nm particles as
well as other emerging approaches based on the integration of the particle size
distribution of the PM emissions or on the chemical reconstruction of PM mass profile.
As we embark in these and other important undertakings that will set the stage for the
future of laboratory measurements and vehicle emissions, ARB staff is committed to
continue to share findings and hopes to receive cooperation and participation from all
interested expert stakeholder groups.

2.1.8. Proposed Backstop for Partial Zero-Emission Vehicle Production

Beginning in 2018, the Zero-Emission Vehicle (ZEV) program, also a part of the
Advanced Clean Car rulemaking package, will undergo a major restructuring designed
to focus on developing a commercial market for advanced electric drive vehicles such
as battery electric, fuel cell and plug-in hybrid electric vehicles. Concurrently, partial
zero-emission vehicles (PZEVs) and advanced technology partial zero-emission
vehicles (AT-PZEVs) such as conventional hybrid electric vehicles (HEVs) and natural
gas vehicles (NGVs), which are required to demonstrate emission durability for 150,000
miles for SULEV and zero-fuel evaporative emissions, will transition from the ZEV
pragram to the LEV program in 2018. In order to preserve the continued production of
these very clean vehicles that a manufacturer would not need to produce in order to
meet the proposed NMOG plus NOx fleet average requirement until it falls below
ULEV50 levels in 2023, staff is proposing to require manufacturers to continue their
production after they phase-out of the ZEV program. Therefore, staff is proposing that
beginning in 2018, manufacturers be required to continue to certify a percentage of their
new vehicle fleet meeting SULEV exhaust emissions and zero evaporative emissions
for 150,000 miles equal to the average percentage of the sum of PZEVs and AT-PZEVs
produced in model years 2012-2014. While these vehicles would continue to be
required to meet SULEV exhaust and zero-fuel evaporative requirements, in 2018 and
subsequent model years their movement from the ZEV to LEV program will mean
manufacturers will no longer be required to offer an extended full life emission warranty.
This reduction in warranty coverage is a result of a restriction in current California
statute that limits the warranty period to 7 years or 70,000 miles, whichever occurs first.

2.1.9. Proposed Medium-Duty Vehicle Emission Standards

Medium-duty vehicles (MDVs) are defined as those with a gross vehicle weight rating
{(GVWR) between 8,501-14,000 Ibs. Vehicles included in this category include the
heavier pickup trucks such as the Ford F250 and F350, larger vans designed for
carrying cargo such as the Ford Econoline 250 and 350, as well as delivery trucks with
purpose built containers. Since these vehicles are typically used for work purposes and
are subject to a more rigorous duty cycle, they are subject to less stringent emissions
standards than trucks and minivans in the LDT2 category. While taking into account the
more rigorous duty cycle, staff is proposing that overall emissions meet an equivalent
MDV SULEV emission level for ninety percent of these vehicles. In 2022, 10 percent of
MDVs may meet a less stringent ULEV standard in order to provide compliance margin
for promising unanticipated greenhouse gas technologies. Table |I-A-2-6 lists the
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emission standards for MDVs. The MDV emission standards are to be phased-in from
2016-2022. Tables [I-A-2-7 and li-A-2-8 list the minimum sales-weighted phase-in
requirements for the FTP and SFTP standards, the extended durability requirement,
and the use of E10 certification fuel. Staff is also proposing to sunset, in mode! year
2022, the least stringent LEV395 and LEV340 standards for MDVs between 8,501-
10,000 Ibs. GVWR and the LEV630 and LEV570 standards for MDVs between 10,001-

14,000 lbs. GVWR.

Table 11-A-2-6. Proposed FTP Exhaust Emission Standards for New 2016 and Subsequent

Model Year LEV Il Medium-Duty Vehicles

Proposed LEV Il Exhaust Mass Emission Standards for New 2016 and Subsequent Model
Medium-Duty Trucks '

- NMOG +
Durability Vehicle . Carbon .
Vehicle Type Vehicle Emission ?l’i(tlf:se?]f Monoxide For{lr:‘alt’i:'?]yde Par(t";rlr"l;tes
Basis {mi) Category 9 (g/mi 9 g
(g/mi)
MDVs LEV395' 0.395 6.4 6 0.008
8500 - 10,000 Ibs.
GVWR, excluding ULEV340' 0.340 6.4 6 0.008
MDPVs
ULEV250 0.250 6.4 G 0.008
Vehicles in this cat 150,000
SNnicies in This category ULEV200 0.200 42 6 0.008
are tested at their
adjusted loaded vehicle SULEV170 0.170 4.2 6 0.008
weight
SULEV150 0.150 32 8 0.008
MDVs LEV630' 0.630 7.3 6 0.010
10,001-14,000 |ps. 7
GVWVR ULEV570 0.570 7.3 6 0.010
. o ULEV400 0.400 7.3 8 0.010
Vehicles in this category 150,000
are tested at their ULEV270 0.270 4.2 8 0.010
adi,uitfd loaded vehicle SULEV230 0.230 4.2 6 0.010
weig
SULEV200 0.200 37 6 0.010

" These certification levels would no longer be available from 2022 on




Table ll-A-2-7. Medium-Duty Vehicles 8,500-10,000 Ihs. GVWR Federal Test Procedure
Exhaust Emission Standards (Proposed)

Medium-Duty Vehicles 8,500-10,000 GVW (g/mi NMOG+NOx)
Year LEV | ULEV340 | ULEV250 | ULEV200 | SULEV170 | SULEV150 Phase-in
0.395 0.340 0.250 0.200 0.170 0.150 150K, E10, SFTP

2016 | 20% 60% 20% 20%

2017 | 10% 50% 40% 40%

2018 40% 50% 10% 60%

2019 30% 40% 30% 70%

2020 20% 30% 50% 80%

2021 10% 20% 70% 90%

2022 10% 90% 100%

Table 1I-A-2-8. Medium-Duty Vehicle 10,001-14,000 Ibs. GVWR Federal Test Procedure
Exhaust Emission Standards (Proposed)

Medium-Duty Vehicles 10,001-14,000 GVW (g/mi NMOG+NOx)
Year LEV | ULEV570 | ULEV400 | ULEV270 | SULEV230 | SULEV200 Phase-in
0.630 0.570 0.400 0.270 0.230 0.200 150K, E10, SFTP
2016 | 20% 60% 20% 20%
2017 1 10% 50% 40% 0%
2018 40% 50% 10% 60%
2018 30% 40% 30% 70%
2020 20% 30% 50% 80%
2021 10% 20% 70% 90%
2022 10% 90% 100%

2.1.10.  Chassis-Certification of Medium-Duty Vehicles Between 8,500 - 10,000
lbs. GVW

Staff is also proposing that all MDVs in the 8,501-10,000 Ibs. GVWR category be
certified to chassis dynamometer-based emission standards. Currently, manufacturers
may choose to certify incomplete gasocline and all diesel powered MDVs in this weight
class to engine dynamometer emission standards. Staff is proposing to eliminate this
option for several reascons. First, manufacturers are increasingly choosing to chassis
certify their complete diesel MDVs in this category and have indicated that they will be
expanding the number of chassis-certified vehicles in this weight class. Second, some
manufacturers are already chassis certifying some of their incomplete MDVs. More
importantly, requiring these vehicles to be certified to chassis dynamometer emission
standards would facilitate in-use verification of their emissions by avoiding the need to
remove the engine for in-use emission testing of vehicles certified to engine
dynamometer emission standards. For these chassis-certified vehicles, manufacturers
will need to include in the certification application the maximum recommended GVWR,
curb weight, equivalent test weight, frontal area and applicable chassis dynamometer
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settings.

2.1.11. Pooling Fleet Average NMOG plus NOx Emissions from California and
Section 177 States

Beginning in 2015, staff is proposing to provide an option to allow compliance with the
fleet average NMOG plus NOx requirement be demonstrated using the pooled fleet
average NMOG plus NOX emissions of new vehicles produced and delivered for sale in
California and all states, including the District of Columbia if applicable, that adopt
California’s emission requirements for light- and medium-duty vehicles. Manufacturers
that choose this option would be required to report the number of vehicles produced and
delivered for sale and the emission standards to which they are certified for each state,
and the District of Columbia if applicable, that adopts California emission requirements.
Including this provision provides additional compliance flexibility to vehicle
manufacturers, particularly with respect to meeting a separate fleet average
requirement in those states with limited new vehicle sales. While this represents a
departure from past practice, staff believes that the emission impact of this provision
within California and states that adopt California requirements witl be miner due to the
very low level of fleet emissions required by this program. Assigning credits and debits
under this fleet emission-averaging scheme is discussed in the following section on
credits and debits.

2.1.12. Credits and Debits

In the LEV II' program, manufacturers may earn NMOG credits if they over-comply with
the fleet average NMOG requirements and debits if they do not achieve it. Credits may
be banked for future use to offset any NMOG debits or traded with other manufacturers.
Under the current provisions, credits may be carried forward for three years, but are
discounted beyond the first year and sunset in the fourth year. Debits must be offset
the following model year. Staff is proposing to change the credit provisicns to allow
credits to be carried forward five years and carried back three years. This change will
provide harmonization of LEV Il emission credit provisions with federal emission credit
provisions and provide an increased level of flexibility to manufacturers in meeting LEV
I} requirements. Staff does not anticipate an emission impact from this change due to
very low fleet emission levels of the LEV Iil program.

Most manufacturers are expected to have NMOG credits banked when LEV |ll starts in
2015. Credits earned prior to 2015 would be discounted under the LEV Il protocol and
expire four years after they were accrued. in order to convert any LEV || NMOG credits
carried forward to 2015 to NMOG plus NOx credits, staff is proposing a conversion
factor of 3.0. This factor is derived by dividing the projected California fleet average for
NMOG plus NOx for model year 2014 based on new vehicle sales of PC, LDT1, and
LDT2 from EMFAC 2011 for 2014 by the NMOG fleet average requirement for 2014. A
conversion factor of 3.0 is derived because the projected NMOG plus NOx fleet average
in 2014 is approximately three times the NMOG fleet average. Similarly, any NMOG
debits carried over to 2015 would be converted to NMOG plus NOx debits by multiplying
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them by a factor of 3.0 and must be offset by any NMOG plus NOx credits earned in
model years 2015 through 2018.

As noted above, LEV [l provides manufacturers with an option to pool their criteria
emissions in California and the 177 states when determining compliance with program
fleet average requirements. This means that a manufacturer may be over compliant in
some states and under compliant in others but its compliance status is determined by
the pooled emissions of vehicles produced and delivered for sale in California and the
177 states. Note that manufacturers choosing this pooling option must still report their
model year criteria emissions in each state. In addition, as noted above, the credit
provisions are being changed to allow credits to be carried forward five years and
carried back three years. In this case, a manufacturer would be non-compliant with the
fleet average requirement when, it has no credits (either to carry forward or carry back
or that can be purchased from other manufacturers) to offset any outstanding debits.

Staff is proposing that when a manufacturer is deemed non-compliant with the pooled
fleet average requirement, each state in which the manufacturer is determined to be
non-compliant may take enforcement action based on the debits outstanding in that
state. This is similar to the approach that California (and Section 177 States) took in
allowing compliance with federal GHG standards in 2012-2016 to serve as compliance
in California.

Staff is also proposing a 0.005 NMOG plus NOx gram per mile credit for vehicles that
the manufacturer provides a 15 year/150,000 mile emission warranty. This credit would
be applied to the emission values of the applicable test group when a manufacturer
calculates its NMOG plus NOx fleet average value.

2.1.13. Proposed FTP Phase-In Requirements to 150,000 Mile Full Useful life
Emission Standards and E10 Certification Fuel

As discussed in section IV, staff is proposing to require emission certification on two
new California certification fuels. These fuels would have an ethanol content of 10
percent and two octane ratings, 87 and 91 AKI, or “antiknock index.” AKl is defined as
the average of ASTM research octane number (RON) and motor octane number
(MON). Vehicles for which the manufacturer requires consumer operation on premium
fuel to maintain warranty coverage may certify using California 91 AKI certification fuel.
All other vehicles, including vehicles that the manufacturer suggests or recommends
operation on premium fuel, must certify using California 87 AKI fuel. The ethanal
content and octane values of the new certification fuels are designed to assure that the
fuel vehicles are certified on more accurately reflects the fuel they are operated on.
Staff also proposes to retain the option to certify on federal Tier 3 certification fuel,
which staff understands will be based on E15.

Accordingly, staff is proposing that manufacturers phase-in compliance to LEV Il
130,000 mile durability requirements, from 2015 through 2019, using the new California
E10 certification fuels. To align with federal Tier 3 phase-in requirements, staff is




proposing that beginning in 2015 all vehicles certifying to emission standards below
ULEV125 meet LEV Il requirements to 150,000-mile durability using E10 certification
fuel. Manufacturers would be required to certify all of their vehicles to 150,000-mile
durability and E10 certification fuel in 2020. Because the declining fleet average
requirement will require manufacturers to certify an increasing percentage of their
vehicles to lower emission standards, staff believes this will assure an ordered
progression of LEV Il vehicles into the fleet, while providing flexibility to manufacturers
in meeting LEV Il requirements

2.1.14. Early Phase-in Provision

In order to encourage an earlier-than-required introduction of cleaner, more durable
vehicles and to provide additional flexibility to manufacturers, staff is proposing an early
phase-in option for vehicles certifying to ULEV70 and more stringent emissions
standards. Because PZEVs.already are required to achieve 150,000-mile durability per
the ZEV program, PZEVs would not be eligible for early phase-in credits. Under this
option, the percentage of vehicles certifying in 2014 to LEV il NMOG plus NOx
150,000-mile standards and SFTP requirements (certification using the new E10
certification fuels would not be required) would be counted towards a manufacturer’s
LEV Il phase-in requirements.

2.1.15. Small Volume Manufacturer Requirements

Independent vehicle manufacturers with a California three-year sales volume average of
4,500 units per year or less of new PCs, LDTs, MDVs and heavy-duty vehicles and
engines are currently defined as Small Volume Manufacturers. The manufacturers
meeting this sales volume criterion (approximately a half dozen) were primarily those
with very jow volume sales (less than a thousand units per year) of high performance
vehicles. In LEV ll, compliance with the fleet average NMOG requirement for small
volume manufacturers was deferred until 2007, the end of the phase-in period,
Beginning in 2007, they were required to meet a fleet average requirement
approximately 53% less stringent than the fleet average requirement for larger
manufacturers. The less stringent requirement for these manufacturers was adopted in
recognition of their limited model lines with which to comply with fleet average
requirements and limited investment and engineering resources to meet more stringent
emission standards.

For LEV lll, ARB is proposing to provide a similar relaxation in requirements to a subset
of the Small Volume Manufacturers category that has a three-year average sales
volume of less than 5,000 vehicles and engines nationwide. Staff estimates-thata
limited number of manufacturers (i.e., Lotus, McLaren, and Aston Martin) with limited
vehicle model lines would meet the nationwide sales of 5,000 vehicles or less per year
criterion. Staff believes that manufacturers that previously qualified for relaxed
standards under the Small Volume Manufacturers category will continue to qualify for
relaxed standards under this proposal.
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Less stringent requirements for these very low volume manufacturers are justified for
several reasons. First, these manufacturers are on the leading edge in developing
vehicles using advanced vehicle design and lightweight materials. Their vehicles
demonstrate in very real terms, the potential for innovative approaches to vehicle design
and material use to achieve vehicle lightweighting without compromising safety
(especially important for achieving very low GHG emissions). Second, as mentioned
previously, they are at a competitive disadvantage (in terms of both investment and
engineering resources) in that they must compete with full line manufacturers who are
able to offset the emissions of their low volume high performance vehicles with higher
volume, lower emission vehicles. Lastly, staff believes that periodic reviews of these
manufacturers’ emission capability assures that they will continue to improve the
emissions of their vehicles.

Accordingly, for qualifying vehicle manufacturers, staff is proposing that compliance with
the LEV Ill requirements be deferred until the 2022 model year. Prior to 2022, small
volume manufacturers with nationwide sales of 5,000 vehicles or less per year may
petition ARB for relaxed emission standards. Consideration of relaxed standards would
be based on a review of the manufacturers’ engineering and economic resources,
criteria emissions of comparable vehicies certified by large volume manufacturers with a
similar horsepower to weight ratios, documentation of good faith efforts to purchase
credits from other manufacturers, and other relevant data. f determined appropriate,
alternative emission standards would be granted for a period of up to 5 years and
reconsidered at future 5-year intervals.

2.2. Proposed SFTP Exhaust Emission Standards

The California Supplemental Federal Test Procedure (SFTP) was developed to quantify
and control motor vehicle emissions not accounted for by the Federat Test Procedure
(FTP). Specifically, the SFTP captures so-cailed “off-cycle” emissions resulting from
aggressive driving and air conditioner use. Off-cycle operating modes represent a
significant portion of real-world driving and could result in significant emissions if
vehicles are not properly calibrated. While the SFTP program is not intended to drive
the installation of emission-control hardware, staff believes the emission standards are
necessary to ensure that vehicular emissions are controlled through all modes of
operation.

In this rulemaking, staff is proposing to amend the SFTP program primarily in the
following ways: 1) increase durability requirements; 2) expand applicability to medium-
duty vehicles; 3) develop more stringent emission standards; and 4) add PM emission
standards. These new proposed requirements would be implemented beginning with
the 2015 model year and be phased in through the 2025 model year.

This section presents an overview of staff's specific proposal. Further detail is available
in Appendix O, while the proposed test procedure text is included in Appendix C.



2.2.1. Increasing Durability Requirements to Full Useful Life

Staff is proposing a 150,000-mile durability requirement for SFTP emission standards to
replace the 4,000-mite durability requirement currently in effect. The proposed durability
requirement would be phased-in in accordance with the 150,000-mile durability phase-in
proposed for the FTP.” This proposed change would align the SFTP’s durability basis
with that of the FTP and would ensure that control of off-cycle emissions is extended
throughout the full useful life of on-road motor vehicles.

When staff developed the existing 4,000-mile SFTP emission standards, it was unclear
how aging of emission-control hardware would impact emissions over the SFTP driving
cycles. However, data available today indicate that as vehicles age, increases in SFTP
emissions are generally equivalent to increases in FTP emissions. Staff developed the
150,000-mile SFTP emission standards based on such findings and believes it is
appropriate to align the SFTP durability basis with that of the FTP.

2.2.2. Applicability of SFTP Requirements

The proposed SFTP requirements would apply to 2015 and subsequent model year
PCs, LDTs, and MDPVs, and 2016 and subsequent modef year MDVs through 14,000
pounds GVWR, including gasoline, diesel, alternative-fueled, and hybrid electric
vehicles. MDVs and alternative-fueled vehicles were not previously subject to SFTP
requirements because test data were not available to show they could comply with the
emission standards and/or because manufacturers contended that such vehicles do not
operate in the manner captured by the SFTP. Current driving patterns and emissions
data, as presented in Appendix O, make it clear that it is appropriate to subject these
vehicles to the proposed SFTP requirements.

2.2.3. SFTP Passenger Car, Light-Duty Truck, and Medium-Duty Passenger
Vehicle NMOG+NOx and Carbon Monoxide (CO) Emission Standards and Phase-
In

For PCs, LDTs, and MDPVs, staff is proposing two pathways to comply with the SFTP
NMOG+NOx and CO emission standards. Option 1 would use stand-alone emission
standards while Option 2 would use a composite emission standard approach with a
fleet-averaging provision for NMOG+NOXx. A fleet must commit to the option selected
for the entire phase-in period. Under either approach, when a test group® certifies to the
150,000-mile durability requirements for LEV III FTP, it would be required to certify to
150,000-mile SFTP emission standards as well. Capping CO emission standards would
also apply for both Options 1 and 2 with the goal of preventing backsliding from current
SFTP CO emission control levels. Staff believes that these options would provide
planning flexibility without compromising the required emission reductions.

’ See section I1.A.2.1.12 for further information.
% See 40 CFR §86.1827-01 for the test group determination procedure.




2.2.3.1. Stand-Alone Option (Option 1)

Table |I-A-2-10 shows staff’s proposed Option 1 NMOG+NOx and CO exhaust emission
standards for PCs, LDTs, and MDPVs. The phase-in of these emission standards
would be tied directly to LEV ill FTP certifications beginning with the 2015 model year.
Specifically, a test group certifying to a particular LEV Il FTP emission category would
also be required to comply with the corresponding SFTP emission category {(e.g., test
groups certifying to LEV Il FTP ULEV125, ULEV70, or ULEV50 would be required to
meet the SFTP ULEV emission standards shown in Table 1i-A-2-10 below).

Table 1i-A-2-10. SFTP NMOG+NOx and CO Exhaust Emission Standards for New 2015
and Subsequent Model Year LEVs, ULEVs, and SULEVs in the Passenger Car, Light-Duty
Truck, and Medium-Duty Passenger Vehicle Classes, Option 1"?

US06 Test SCO03 Test’®

(g/mi) (g/mi)

Vehicle Type Mileage for Vehicle NMOG Carbon NMOG | Carbon
Compliance | Emission + Monoxide + Monoxide
Category® | NOx NOx

All PCs, LDTs 0-8,500 LEV 0.140 9.6 0.100 3.2
Ibs GVWR, and ;
MDPVs ULEV | 0.120 9.6 0.070 32
Vehicles in this category 150,000 SULEV :
are tested at their Option A° | 0-060 9.6 0.020 3.2
loaded vehicle weight
curb weight plus 300
oy NPl SULEV | 0.050 9.6 0020 | 32

" Afr to Fuel Ratio Requirement. See footnote 1, Table 2, Appendix O.

% " ean-On-Cruise” Calibration Strategies. See footnote 2, Table 2, Appendix Q.

3 A/C-on Specific Calibrafions. See footnote 4, Table 2, Appendix O.

* Vehicte Emission Categories. Manufacturers must certify all vehicles, which are certifying to a LEV 1l FTP emission
category on a 150,000-mile durability basis, to the emission standards of the equivalent, or a more stringent, SFTP
emissian categary set forth in this table. All LEV Ili FTP LEVs certified to 150,000-mile durability shall comply with
the 150,000-mite SFTP LEV standard, all LEV Il FTP ULEVSs certified to 150,000-mile durability shall comply with
the 150,000-mile SFTP ULEV standard, and all LEV 1li FTP SULEVs certified to 150,000-mile durability shall

5 comply with the 150,000-mile SFTP SULEV standard. .

Optional SFTP SULEV Standard. MDPVs and LDTs 6,001-8,500 Ibs. GVWR that are equipped with a particulate
filter could certify to a higher NMOG+NOx emission standard for model years 2015 through 2020 in exchange for
an extended 200,000-mile particulate filter emission warranty. See footnote 6, Table O-2, Appendix O.

2.2.3.2. Composite Emission Standards with NMOG+NOx Fleet Averaging Option
(Option 2)

The goal of the SFTP program is to ensure that software calibrations are optimized so
that vehicles continue to effectively control exhaust emissions during off-cycle
operations. It is not meant to be a driver of new hardware installation. Although staff
had propesed Option 1 as the sole compliance option in their initial concept, after




additional analysis and discussions with stakeholders, staff determined that the Option 1
emission standards would likely require diesel-fueled vehicles (which manufacturers
have indicated they plan to produce to meet California and federal greenhouse gas and
fuel efficiency mandates) to have additional costly emission-control hardware installed.
Consequently, ARB staff is proposing a second option that would accommodate diesel-
fueled vehicles through less stringent emission standards and a fleet averaging
provision. Staff expects that if a manufacturer has higher SFTP emissions from a diesel
vehicle, it could make cleaner gasoline-fueled vehicles to partially offset the higher
diesel emissions. Staff estimates that today's fleet emits 7.5 tons per day (TPD) of
NMOG+NOx during off-cycle driving conditions. This number would be reduced to
approximately 2.9 TPD if all manufacturers certified to SFTP using Option 1 and 3.8
TPD if all manufacturers certified using Option 2. Although Option 2 would not achieve
the same level of NMOG+NOx emission reductions as Option 1, it is being proposed to
be consistent with ARB’s original goal of developing an SFTP program that does not
drive the installation of new emission-control hardware. While most OEMs have
indicated to staff that they plan to choose Option 2 for SFTP compliance, ARB staff is
still proposing Option 1 for OEMs that may not want to utilize fleet averaging, as well as
for SVMs. SVMs would have a delayed phase-in into LEV Il and thus would not have
to certify to the more stringent SULEV emission category in Option 1 until after the last
year of the phase-in, at which point they could simply elect to transition into Option 2.

Under Option 2, for each test group, manufacturers would calculate composite emission
values by weighting emission test results from the FTP, US06, and SCO03 tests in g/mi,
as shown by the following equation:

SFTP Composite Emission Value = 0.28 x US06 + 0.37 x SC03 + 0.35xFTP  [Eq. 1]

This is the same equation currently being used to determine compliance with federal
SFTP emission standards.

For CO, every test group certifying to SFTP would be required to meet the CO
composite emission standard of 4.2 g/mi. However, for NMOG+NOx, manufacturers
would use a sales-weighted fleet average to determine compliance. Specifically,
manufacturers would certify test groups to “bins”, each with a bin-specific emission limit
analogous to a family emission limit, or FEL. Manufacturers would then weight each bin
based on sales volume to calculate their fleet-average emission value, as shown by the
following equation:

YiL,[(number of vehicles in the test group);x(Composite Value of Bin);] [Eq. 2]

L (number of vehicles in the test group);

where '"n" =a manufacturer’s total number of certification bins in the PC, LDT 0-8,500
pounds GVWR, and MDPV categories for a given model year;
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‘number of vehicles in the test group” = the number of vehicles produced and
delivered for sale in California in the certification test group;

"Composite Emission Value of Bin" = the numerical value selected by the
manufacturer for the bin that serves as the emission standard for the
vehicles in the test group with respect to all testing, instead of the
emission standard specified. Vehicles would certify to bins in increments
of 0.010 g/mi. Beginning with the 2018 model year, vehicles would not be
abte to certify to bin values above a maximum of 0.180 g/mi.

During the phase-in (shown in Table 1I-A-2-11 below), the fleet average wouid be
calculated using a combination of carryover 4,000-mite SFTP composite emission
values (adjusted to 120,000-miles and converted to NMOG+NOx) and new-certification
150,000-mile SFTP composite emission values.

As presented in Table 1I-A-2-11, the composite emission standards would become more
stringent each model year until the 2025 model year. Although this option would not be
directly linked to FTP certification of LEV Il vehicles, it would achieve fleet-wide SULEV
level emission performance by the 2025 model year. '

Table II-A-2-11. SFTP NMOG+NOx and CO Composite Exhaust Emission Standards for
New 2015 and Subsequent Model Year Passenger Cars, Light-Duty Trucks, and Medium-
Duty Passenger Vehicles (Option 2)"%**

Model Year 2015 | 2016 | 2017 | 2018 | 2018 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

All PCs; LDTs 0-8,500 Ibs SFTP NMOG+NOx Sales-Weighted Fleet-Average Composite Exhaust Emission Standards
GVWR; and MDPVs 8,501- {g/mi) >°

10,000 Ibs GVWR
Vehicles in this category are 0.140 | 0.110 { 0103 | 0.097 | G.090 | 0.083 | 0.077 | 0.070 | 0.063 | 0.057 | 0.050

tested at their loaded vehicle . .. .
weight (curb weight plus 300 SFTP CO Composite Exhaust Emission Standard (g.lml)7

pounds). 42

Air fo Fuel Ratio Requirement. See footnate 1, Table 2, Appendix O.

‘L.ean-On-Cruise” Calibration Strategies. See footnote 2, Table 2, Appendix O.

A/C-on Specific Calibrations. See footnote 4, Table 2, Appendix O.

MDPYV test groups would neither be subject to these emission standards nar be included in the NMOG+NOx fleat
average until they certify to FTP emission standards at 150,000-mile durability.

Fer carry-over test groups nol certified to LEV [l| FTP emission standards on a 150,000-mile durability basis, SFTP
emission values shall be projected out to a 120,000-mile durability basis. Carry-over test groups may use the
applicable deterioration factor from the FTP test. For test groups certified to a 150,000-mile durability basis on the
FTP, the SFTP emission values shall be projected out to 150,000-miles for purposes of meeting the composite
emission standards in this table.

Test groups would certify to bins in increments of 0.010 g/mi. Beginning with the 2018 model year, vehicles would
not be able to certify to bin values above a maximum of 0.180 g/mi.

CO requirement. Unlike the NMOG+NOx composite emission standards, manufacturers would not be able to meet
the proposed CO composite emission standard through fleet averaging. Each individual fest group would be
required to comply with the standard. Compliance would be determined using a composite emission value of the
FTP, US06, and SCO3 test results, as calculated using Equation 1. This CO emissicn standard would only apply to
test groups certified to LEV {ll FTP emission standards at 150,000-mile durability. Test groups not subject to this
CO emission standard would be required to meet the 4,000-mile CO emission standards of the existing SFTP
program. The CO composite emission standard in this table does not apply to MDPVs until such
vehicles are certified to LEV {ll FTP 150,000-mile durakility requirements.
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2.2.3.2.1. Calculation of Fleet Average Total NMOG+NOXx Credits or Debits

Option 2 would also allow manufacturers to generate credits or debits for each model
year. A sales-weighted emission value lower than the composite emission standard
would generate credits while a sales-weighted emission value greater than the
composite emission standard would generate debits. For each model year,
manufacturers would calculate their NMOG+NOx emission balance, as follows:

[(NMOG+NOx Composite Emission Standard) — (Manufacturer's Sales-Weighted
Fleet-Average Emission Value)] x (Total Number of Vehicles Produced and
Delivered for Sale in California in the PC, LDT 0-8,500 pounds GVWR, and
MDPV categories) [Eqg. 3]

Total credits earned in a given model year would retain full value through the fifth model
year after they are earned. At the beginning of the sixth model year, the total credits
would have no value. Manufacturers would be required to offset all debits incurred in a
specific model year within three model years, using available credits that either they
have generated or have obtained via trading with other companies. Manufacturers
would be allowed to trade credits with other manufacturers at any time.

2.2.4. Proposed SFTP NMOG+NOx and CO Emission Standards for Medium-Duty
Vehicles

Staff is proposing to extend SFTP applicability to MDVs starting with the 2016 model
year. For NMOG+NOx and CO, MDVs certifying to SFTP standards would be required
to comply with the applicable composite emission standards shown in Table [I-A-2-12.
To demonstrate compliance, manufacturers would calculate composite emission values
for each test group by weighting emission test results from the FTP, US06 (or US06
Bag 2 or UC, as appropriate), and SC03 tests using Equation 1, above.
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Table 1I-A-2-12. SFTP NMOG+NOx and CO Composite Exhaust Emission Standards for
New 2102136 and Subsequent Model Year ULEVs and SULEVs in the Medium-Duty Vehicle
Class”

SFTP Compomte
Standard*
_(gimi)
Vehicle Type5 Mileage for 8 Vehicle NMOG + Carbon
Compliance Hp/GVWR Test Cycle Emisslon NOx Monoxide
Category
. .0
<0024 | USOBBag2, | ULEV 0.530 22
- SCO03, FTP
MDV 8,501-10,000 Ibs SULEV 0.350 12.0
GVWR 150,000
. 22.
Full USO8, ULEV 0.800 0
>0024 1 geo3, FTP
' SULEV 0.450 12.0
UcC (LA92), ULEV 0.550 6.0
MDV 10,001-14,000 Ibs 150,000 n/a
GVWR SCO3, FTP SULEV 0.350 40

" Air to Fuel Ratio Requirement. See footnote 1, Table 2, Appendix O.
% “l san-On-Cruise” Calibration Strategies. See footnote 2, Table 2, Appendix O.

® A/C-on Specific Calibrations. See footnote 4, Table 2, Appendix O.
* SFTP Composite Emission Value for MDVs 8,501-10,000 pounds GVWR = 0.28 x US06 (or US05 Bag 2, as

appropriate) + 0.37 x SC03 + 0.35 x FTP, in g/mi.

SFTP Composite Value for MDVs 10,001-14,000 pounds GYWR = 0.28 x UC + 0.37 x SC03 + 0.35 x FTP, in g/mi.
® Vehicles in this category would be tested at their adjusted loaded vehicle weight (average of curb weight and
GVWR)

% If all vehicles in a test group have a power to weight ratio at or below a threshold of 0.024 would have the option to
run the US06 Bag 2 in lieu of the full USO8 cycle. The cutoff would be determined by using a ratio of the engine’s
horsepower to the vehicle’s GVWR in pounds and would not include any horsepower contributed by electric motors
in the case of hybrid electric or plug-in hybrid electric vehicles. Manufacturers would have the option o test to the
full cycle regardless of the calculated ratio. In that case, manufacturers would be required to meet the
requirements under the >0.024 provision.

As can be seen in Table |I-A-2-12, the different types of MDVs have different test
cycles. This is necessary due to difficulties some of these heavier vehicles may have in
following the accelerations present in the full US06 cycle. In general, MDVs in the
8,501 through 10,000 pounds GVWR category woulid be subject to the US06 and SC03
test procedures. However, some lower-powered MDVs in this category may have
difficulties following the entire US06 trace. Specifically, the frequent and aggressive
speed fluctuations of the US06 could cause overheating problems and be particularly
troublesome for lower-powered MDVs. Therefore, staff is proposing to allow
manufacturers of these vehicles to comply only with Bag 2 of the US06 cycle if the ratio
of the engine’s horsepower to the vehicie’s GVWR in pounds is 0.024 or less. While the
US06 Bag 2 cycle includes operation at the same maximum speed (80.3 mph} as the
full US06 cycle, it does not include the frequent accelerations and decelerations found
at the beginning and end of the full cycle. The proposed US06 Bag 2 emission
standards have been adjusted to account for the change in testing cycle, but they are
equivalent in stringency to the full US06 emission standards. The US06 Bag 2 test
cycle is presented in Appendix O.
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Similarly, MDVs greater than 10,000 pounds GVWR may also have difficulty following
the rapid accelerations contained in the USO8 driving trace. Therefore, staff is
proposing to have these vehicles use the California Unified Cycle (UC) instead. The UC
is similar to the USO06 test cycle, but with less aggressive speeds and acceleration. The
proposed standards have been adjusted to reflect the different emission results that
would be obtained under the UC as opposed to the US06 test cycle. The UC test cycle
18 presented in Appendix O.

Manufacturers expressed some concern about costs associated with the SC03 test for
MDVs. Because MDVs have significantly larger displacement engines and more power
and torque than LDVs, the effect of using the air conditioner on emissions for this class
is relatively modest. In addition, because manufacturers have noted that significant
upgrades would be required for their environmental test cells to handle MDVs, staff
proposes to allow an engineering evaluation in lieu of testing when certifying these
vehicles to the proposed SC03 emission standards. Manufacturers electing to submit
an engineering evaluation would use their FTP result instead of the SCO3 result in
Equation 1 when calculating compliance with the composite standard.

The proposed SFTP requirements for MDVs would be phased in beginning with the
2016 model year. The phase-in would be based on the percentages of ULEVs and
SULEVs certified on the FTP. Specifically, the percentage of MDVs required to certify
to the SFTP SULEV emission standards would have to be equal to or greater than the
percentage certified as a LEV Ill SULEV on the FTP. The same phase-in requirement
would apply to ULEVs with the exception that instead of meeting or exceeding the LEV
lII FTP-certified ULEV percentage with SFTP ULEVs, a manufacturer could also certlfy
additional SFTP SULEVs to meet or exceed this percentage.

2.2.5. SFTP PM Emission Standards for PCs, LDTs, MDPVs, and Other MDVs

Staff is also proposing new SFTP PM Exhaust Emission Standards. Current GDI
engines typically have higher PM emissions than port fuel injection engines. Because
of this, PM exhaust levels, especially from gasoline-powered vehicles, have become a
growing concern as the industry shifts from PF| engines towards GDI engines. Al
vehicles counted towards the 150,000-mile FTP PM emission standards phase-in in
Table li-A-2-5 would comply with the SFTP PM Exhaust Emission Standards shown in
Table 1I-A-2-13. The emission standards are primarily intended to prevent excessive oil
consumption and fuel enrichment during aggressive driving and should not force
installation of additional emission control technology. The PM emission standards are
based on limited test data and will be reexamined as additional data become available.
Because the data are limited, the proposed PM standards are not as stringent as the
test data might suggest as feasible. This extra margin should ease manufacturer
concerns about the relatively small test samptes. The test data are presented and
discussed in Appendix O.
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Table iI-A-2-13. SFTP PM Exhaust Emission Standards for New 2017 and Subsequent
Model Year Passenger Cars, Light-Duty Trucks, Medium-Duty Passenger Vehicles, and
Other Medium-Duty Vehicles

. Test Cycle” | pm
Vehicle Type Test Weight g";':‘:?;;z; Hp/GVWR' mgimi
PCs 0-8,500 Ibs GVWR; Loaded vehicle
LDTs 0-6,000 Ibs GVWR weight 150,000 | n/a Us06 100
LDTs 6,001-8,500 lbs I.oaded vehicle 2
GVWR; MDPVs weight 150,000 n/a usSQs 20.0
Composite
: ; < (0.024 7.0
MDVs 8,501-10,000 Ibs Adjusted - US06 Bag 2
loaded vehicle | 150,000
GVWR weight C it
omposite
> 0.024 USO8 10.0
Adjusted i
MDVs 10,001-14,000 Ihs - Composite
GVWR Ioad\zgisﬁ?lde 150,000 n/a UC (LA92) 7.0

See Table 1I-A-2-3, footnote 5.
2 See Table II-A-2-3, footnote 4.

2.2,6. Other Proposed SFTP Amendments

As part of the Advanced Clean Cars Program, staff is proposing to amend the
certification gasoline specifications, as discussed in section IV, by removing MTBE as
an obsolete specification, and requiring 10 percent ethanol by volume instead. This
proposed modification would better align the specifications of certification test fuel with
the properties of in-use fuel. For each test group, SFTP emission testing must be
completed using the same fuel that is used to certify to FTP emission standards, as
discussed in section ILA.2.1.12.

Staff is also proposing to reguiate ozone precursors on the basis of NMOG+NOx
instead of NMHC+NOx to harmonize with the FTP and federal requirements. The new
NMOG+NOx emission standard basis better characterizes ozone formation potential
because NMOG includes some ozone precursors that are not captured by the NMHC
definition. Staff is proposing to use a factor of 1.03 to convert NMHC vaiues to NMOG
as discussed in Appendix O.

Staff recently discovered that some manufacturers have been misinterpreting the test
weight requirements of the eXIStlng SFTP program. Specifically, some manufacturers
have been certifying LDTs® 6,001-8,500 Ibs. GVWR to the SFTP emission standards at
“loaded vehicle weight,” which is defined as curb weight plus 300 Ibs. However, only
PCs and LDTs 0-6,000 Ibs. GVWR are supposed to be tested at loaded vehicle weight.

* These vehicles are designated as MDVs 6,001-8,500 Ibs. GVWR under the current SFTP program for M¥2014 and
prior vehicles.
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LDTs 6,001-8,500 lbs. GVWR are required to be tested at “average loaded vehicle
weight,” which is defined as the curb weight plus half of its payload capacity. The
average loaded vehicle weight is generally greater than the loaded vehicle weight, and
reflects the greater payload capacity of these larger LDTs. Staff is proposing to amend
the existing SFTP program in order to clarify its test weight requirements.

2.2.7. US06 and SC03 Emission Benefits/Cost Assessment

Compliance with the proposed SFTP regulation is expected to require better calibration
and software upgrades. Staff does not believe any additional emission control
hardware will be necessary to meet the proposed SFTP emission standards. Based on
staff's analyses, SFTP is expected to reduce NMOG+NOx emissions by 0.2 tons per
day in 2025. These expected reductions would be driven entirely by US06
requirements and primarily from MDV requirements. Although staff is not attributing any
NMOG+NOx emission reductions to the proposed SC03 emission standards, staff
believes they are still necessary to ensure proper calibration of vehicular air conditioning
systems. Additionally, the CO emission standards for both US06 and SCO03 are being
proposed to prevent backsliding from current emission levels, and the SFTP PM
emission standards are being proposed to prevent excessive oil consumption and fue!
enrichment during aggressive driving. For more detaiis regarding the emission
reduction analysis, see Appendix O.

Most of the vehicle design and associated costs are covered in the LEV Il and proposed
LEV IlIl FTP regulations. However, for MDVs and MDPVs, staff projects an additional
testing cost of $10,000 per test group during the first year of SFTP phase-in due to the
additional testing required and testing facility upgrades that could be needed to certify
these vehicles to the proposed SFTP requirements. Based on certification data from
previous model years, there would be approximately 30 test groups in the affected
weight categories, thus yielding a $300,000 fleet-wide cost for SFTP. Based on the
emission benefits noted above, the estimated cost-effectiveness of these regulations is
approximately $0.20 per pound of NMOG+NOx reduced.

2.3. Proposed Modifications to the Non-Methane Organic Gas Test Procedures

Staff is proposing several madifications to the “California Non-Methane Organic Gas
Test Procedures,” as last amended July 30, 2002. This document describes the test
methods and calculations that are to be used to determine vehicle NMOG mass
emissions. Since the document was last amended, NMOG test methods used by ARB
to determine NMOG mass emissions have changed. In addition, the calculations to
determine NMOG emissions from vehicles operating on alternative fuels were based on
M85 (fuel containing 85 percent methanol and 15 percent gasoline). This fuel is no
longer available and has been replaced in the commercial fuel market by E85 (fuel
containing 85 percent ethanol and 15 percent gasoline). Accordingly, the proposed
modifications include updating the test methods and revising the calculation
methodology to accommodate £85. Some modifications to aligh the mass emission
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calculation with similar modifications USEPA has indicated that they will make are |
included.

2.4. Proposed Modifications to the “California Test Procedures for Evaluating
Substitute Fuels and New Clean Fuels”

In order to facilitate the marketing of substitute and new clean fuels, in 1993, ARB
developed a test procedure'® designed to assure that any proposed substitute or new
clean fuel would not increase emissions from new and used vehicles. This test
procedure required a specific mix of model year vehicles and the emission standards to
which they were to be certified to be included in the demonstration test fleet. Since that
time, vehicle technology and the emission standards to which they certify have changed
significantly. As a result, the test fleet required in this test procedure is no longer
representative of vehicles operating on the road today. Accordingly, staff is proposing a
new test procedure that specifies a test fleet more representative of current new and
used vehicles.

3. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS

Emission control technology has under gone dramatic improvement over the last
decade and is well understood by the industry. This section provides a brief discussion
of the technology and recent advancements that have been made by both vehicle
manufacturers and emission controi component suppliers.

3.1. Emission Control Technology

Close-Coupled and Underfioor Catalysts: Catalysts used on today’s vehicles

typically use a combination of the precious metals rhodium, platinum and/or palladium
as the catalytic material to control emissions of three major pollutant categories
(hydrocarbons (HC), CO, and NOx). While significant advancements have been made
in improving the performance of three-way catalytic converters, further improvements in
catalyst design and materials are on-going. One example of this is the development of
a “zoned” catalyst where precious metal distribution is optimized for maximum
conversion efficiency. This same study demonstrated that optimizing the distribution
and composition of the oxygen storage materials in the catalyst and improving the
precious metal support structure resulted in a reduction of rhodium sintering, thereby
allowing for “thrifting”, or reducing, the amount of rhodium used (SAE 2011-01-0296).
Other ongoing refinements to catalyst technology such as higher cell density, thin wall
substrates and improved catalyst washcoats to enhance oxidation and reduction
reactions have further improved catalyst performance.

Because of the continued improvement in the performance of three-way catalysts, most
light-duty vehicies are expected to continue using this technology without the need for
other aftertreatment devices such as hydrocarbon adsorbers.

% “Galifarnia Test Procedure for Evaluating Subsfitute Fuels and New Clean Fuels,” adopted November 2, 1993.
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Improved Catalyst Washcoat and Cell Density: Multi-layer washcoat technologies

allow optimization of the amount of the precious metal used in the catalyst by reducing
undesired metal-metal and/or metal-base oxide interactions while allowing desirable
interactions. Studies have shown that catalyst durability and conversion efficiencies are
enhanced with improved washcoats (SAE 2009-01-1070, SAE 2008-01-0812, SAE
2011-01-0301). This improvement in catalyst materials is one of the most significant
developments that have enabled manufacturers to meet the SULEV standard at a
relatively low cost.

Cell densities for catalysts vary, depending on catalyst location. Typical cell densities
for close coupled catalysts used on vehicles meeting SULEV emissions levels are on
the order of 600 to 900 cells per square inch (cpsi), with some applications utilizing cel!
densities as high as 1200 cpsi. These high cell density catalysts with thin wall
substrates help reduce catalyst light-off time that is critical for reducing cold-start
emissions by decreasing the thermal mass of the catalyst. Furthermore, by maintaining
catalyst volume at the same level, using a higher cell density catalyst increases the
amount of surface area available for promoting oxidation and reduction reactions.

Increased Catalyst Volume: The ratio of catalyst volume to engine displacement
determines the space velocity of the catalyst, which in turn determines the residence
time of the exhaust gases in the catalyst. Catalytic converters are sized to provide the
optimum space velocity needed to meet the emission standard such that the exhaust
gas residence time in the catalyst is sufficient to allow the necessary oxidation and
reduction reactions to occur. As a general rule, the larger the displacement of the
engine, the larger the volume of the catalyst system that is needed.

Secondary Air: While most vehicles operate lean of stoichiometric or near
stoichiometric after a cold-start to reduce engine out emissions, for some vehicle
applications this will not be desirable because of driveability concerns. For these
vehicles, a brief period of cold operation with a rich A/F mixture may be used to provide
more stable combustion and better driveability. However, operating rich at start-up
when the engine is cold increases emissions of unburned HC and CO. Therefore, to
control these emissions, vehicles that incorporate a rich cold-start fueling strategy are
expected to include an electric air injection system, also called secondary air, to inject
air upstream of the three-way catalyst so that a stoichiometric A/F ratio at the catalyst
can be achieved for optimum emission performance. To further enhance quick catalyst
light-off, ignition retard in conjunction with supplemental air may also be utilized to
provide additional heat to the catalyst.

Hydrocarbon Adsorber Systems: For some vehicles, particularly those with larger
displacement engines, the limiting factor for achieving SULEV emission levels may be
controlling HCs at start-up. One possible solution could be the use of a HC adsorber
system. Two types of HC adsorber systems for use in motor vehicles have been
developed. These systems all operate on the same principle, trapping HC emissions
while the catalyst is cold and unable to convert HCs by utilizing an adsorbing material
that holds onto the hydrocarbons until the catalyst warms up. One type, commonly




known as an active adsorber system, incorporates valves and channels to bypass the
primary catalyst on start-up. With this type of adsorber or HC trap, exhaust is
channeled to the adsorber and trapped during cold start before the catalyst has reached
light-off. After catalyst light-off, the HC is reieased and directed to the catalyst for
treatment. Another adsorber system, known as a passive adsorber, is much simpler in
design (but is less effective) and does not utilize any valves or other moving parts. In
this system, HC adsorption material is included in the washcoat of the catalyst. Once
the catalyst is warmed up, the heat generated by the catalyst releases the trapped HCs
from the absorption material and are then oxidized by the now fully active catalyst.
While the principle is simple, the technical solution is not uncomplicated, because
adsorption and desorption of the HC must be timed correctly to prevent premature
release of unburned HCs (i.e., the HC must be released only after the catalyst has
warmed-up).

Optimized Thermal Management: Reducing the time to catalyst light-off is critical to
reducing cold-start emissions. One effective approach to reducing catalyst light-off time
is to conserve exhaust heat generated by the engine through the use of optimized
thermal mass manifolds and insutated exhaust systems. Through the use of laminated
air-gap exhaust manifolds and thin double-wail exhaust pipes (i.e., manifolds and
exhaust pipes with metal inner and outer walls and an insulating layer of air sandwiched
between them), more heat is retained in the exhaust system, enabling quicker catalyst
fight-off. As an added benefit, the use of insulated exhaust pipes also reduces exhaust
noise.

Low Thermal Mass Turbocharger: Since turbochargers are located upstream of the
catalyst they absorb some of the exhaust heat before it reaches the catalyst.
Consequently, they present a chalienge to achieving quick thermal light-off of the
catalytic converter in order to reduce cold-start emissions. Reducing the size and
weight of the turbocharger would reduce its thermal mass, enabling more of the exhaust
heat to reach the catalyst. Lighter, smaller turbochargers would also improve the
response time of the turbocharger thereby reducing turbocharger lag (the time the
turbocharger takes to respond to a power demand by the driver). These lighter, smaller
turbochargers are currently under development.

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

Reduced Qil Consumption: Lubrication oil leaking into the combustion chamber can
lead to increased emissions, including emissions of particulate matter, because the




heavier HCs in oil are not easily oxidized and some components in the oil can poison
the catalyst, reducing its effectiveness. In addition, oil in the combustion chamber may
trap HCs and later release them unburned. This can be particularly problematic for high
mileage vehicles as engine wear occurs. To minimize oil consumption, vehicle
manufacturers are improving the tolerances and surface finish on cylinders and pistons,
improving piston ring design and materials, and improving exhaust valve stem seals to
prevent leakage of lubricating oil into the combustion chamber. Virtually all low-
emission vehicles with newly redesigned engines incorporate features to reduce ail
consumption.

Electronic Exhaust Gas Recirculation (EGR): One of the most effective emission

controls for reducing NOx emissions is exhaust gas recirculation. By recirculating spent
exhaust gases into the intake manifold to reenter the engine, peak combustion
temperatures are lowered, reducing NOx emissions. In the past, EGR systems utilized
an electronic EGR valve actuator in order to provide the precisely-controlled EGR rates
needed to achieve low NOx levels. Manufacturers are now incorporating variable valve
control for improved efficiency and lower engine out emissions that provides an internal
EGR function in their engines. This represents another approach for achieving desired
EGR rates that may be used solely or in conjunction with electronic EGR valve
actuators and cooled exhaust gas.

Air Fuel Ratio Sensor (AFS): Vehicles that employ lean at start A/F controi strategies
(i.e., use less fuel than required to achieve a stoichiometric ratio) are utilizing AFSs
(also called a universal exhaust gas oxygen sensor) for fuel control in lieu of
conventional oxygen sensors. This is because conventional oxygen sensors are "limit"
switches in that they can only determine that the engine's A/F ratio is higher or lower
than stoichiometric; they do not have the capability of recognizing specific A/F ratios. In
contrast, AFSs are capable of recognizing a wide-range of A/F ratios since the voltage
output of the AFS is "linear” (i.e., each voltage value corresponds to a certain A/F ratio).
Therefore, maintaining a lean A/F is attainable with the use of AFS sensors. Since
operating lean of stoichiometric during cold-start situations can assist heating of the
catalyst, some low-emission vehicles incorporate these sensors. In addition to their
capability of maintaining a tight lean A/F, some manufacturers claim AFSs allow the fuel
control system to maintain a tighter band around stoichiometric, thereby increasing the
efficiency of the catalytic converter. In this way, AFSs assist vehicles in achieving very
precise control of the A/F ratio.




Central Mounted Fuel Injector (Solehoid[: Manufacturers are expected to

incorporate gasoline direct injection (GDI) engines across their vehicle fleets in the
future to meet existing and proposed GHG requirements. Gasoline direct injection
engines offer significant GHG benefits due to their inherent efficiency advantage over
conventional gasoline engines using port fuel injection (PF1). As the nomenclature
implies, unlike PFI engines that mix the air and fuel in the intake manifold, GDI engines
inject fuel directly into the combustion chamber that enables higher compression ratios
and, therefore, improved engine efficiency. However, testing of first generation versions
of this technology has demonstrated increased levels of particulate matter (PM)
emissions compared to PM emissions of PF| engines. Testing of later versions of GDI
engines that use center mounted spray guided fuel injectors has demonstrated the
potential for these engines to achieve PM emission ievels comparable to PFI engines.
Nonetheless, some manufacturers have stated that they believe they can achieve GDI
PM emissions levels comparable to that of PFI engines by improving their current side
mounted fuel injector systems by using higher pressure injectors and minimizing fuel
impingement on valves, cylinder walls, or other combustion chamber surfaces.

Individual Cylinder Ait/Fuel (A/JF) Control: In order to further improve fuel control,

some vehicles utilize software algorithms to achieve individual cylinder fuel control.
While dual oxygen sensor systems are capable of maintaining A/F ratios within a narrow
range, some vehicle manufacturers believe that even more precise control is needed to
achieve low emissions and have developed individual cylinder control systems. On
maost current vehicles, fuel control is modified whenever the oxygen sensor determines
that the combined A/F of all cylinders in the engine or engine bank is too far from
stoichiometric. The needed fuel modifications (i.e., inject more or less fuel) are then
applied to all cylinders simultaneously. Although this fuel control method will maintain
the bulk of A/F for the entire engine or engine bank around stoichiometric, it would not
be capable of correcting for individual cylinder A/F deviations that can resuit from
differences in manufacturing tolerances, fuel injector wear, or other factors. With
individual cylinder fuel control, A/F variation among cylinders will be diminished, thereby
further improving the effectiveness of the emission control system. By modeling the
behavior of the exhaust gases in the exhaust manifold and using software algorithms to
predict individual cylinder A/F, a feedback fuel control system for individual cylinders
can be developed. Except for the replacement of the conventional front oxygen sensor
with an AFS sensor and a more powerful engine control computer, no additional
hardware is needed in order to achieve individual cylinder fuel control. Software
changes and the use of mathematical models of exhaust gas mixing behavior are
required to perform this operation. Individual cylinder A/F control also provides an
opportunity to reduce precious metal content of the catalyst. Control algorithms for
individual A/F cylinder control have been developed using either conventional switching
oxygen sensors or wide range air fuel sensors (SAE 2011-01-0710).

Retarded Spark Timing at Start Up: Besides the hardware madifications described
above, low-emission vehicles also utilize engine calibration changes such as a brief
period of substantial ignition retard, increased cold idling speed, and leaner air-fuel
mixtures to quickly provide heat to catalysts after cold-starts. Since only software
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modifications are required, engine calibration modifications provide manufacturers with
an inexpensive method to quickly achieve light-off of catalytic converters. When
combined with close-coupled catalysts and other heat conservation technigues
described above, engine calibration techniques can be quite effective at providing the
required heat to the catalyst for achieving SULEV emission levels. Heat producing
engine calibrations such as described above are already in production and are widely
used on low-emission vehicles.

Diesel Vehicles: In response to existing and proposed GHG and fuel economy
requirements, some manufacturers are planning to increase the percentage of diesel
vehicles in their new vehicle fleet. Due to increased levels of engine out NOx from
diesel engines, this can present a challenge to achieving SULEV emissions for them.
Significant work is underway by these manufacturers to improve the emission
performance of diesel vehicles and at least one diesel emission control system with the
potential to achieve SULEV emissions has been described in the technical literature
(SAE 2008-01-0449). This system incorporates a hydrocarbon trap and diesel oxidation
catalyst upstream of a lean NOx trap (LNT) and a catalyzed soot filter. The SULEV
system was based on a Tier 2 Bin 5 system for a 2.8 liter diesel engine and
demonstrated the potential to meet SULEV emissions at 120,000 miles without
increasing catalyst volume and precious metal loading. Staff anticipates that future
diesel vehicles will use a selective catalyst reduction (SCR) system rather than a LNT in
order to meet USO6 emission requirements. In a SCR system, a reduction agent such
as urea is injected into the SCR system to promote the reduction of NOx, instead of
trapping and then reducing NOx using a LNT. Staff expects that similar improvements
to enable SCR systems to achieve SULEV emissions will be developed.

Direct Ozone Reduction Technologies (DOR): DOR devices involve special coatings
on radiators or other surfaces in such a way that the amount of ozone in the ambient air,
which crosses through or across such surfaces, is reduced. The Air Resources Board
considers these devices to be emission control devices since the NMOG credit accrued
by such devices is used to offset the exhaust or evaporative emissions of motor
vehicles. Therefore, the manufacturer must demonstrate the performance and durability
of such devices for the full useful life of the vehicle, provide an onboard diagnostic
system to, at minimum, monitor the presence of the device,.and provide the appropriate
emission control warranty.

3.2. Projected Emission Control Technology Application Rates (Passenger-Cars
and Trucks Less Than 8,501 Ibs. GVYWR)

From the foregoing list of technologies, it is clear that manufacturers have a wide range
of options available to achieve SULEV emissions and that many of these technologies
are already being used today on vehicles meeting the SULEV standard. Table |I-A-3-1
below lists the additional emission control technology application rates that staff
determined may be needed to meet LEV Il requirements, over and above those
currently used on low-emission vehicles. A discussion of the associated costs to meet
LEV Il requirements can be found in section I|.A 4.




Table 11-A-3-1. Additional Emission Control Technology (Passenger Cars and Trucks
Less Than 8,501 Ibs. GVWR)

Additional Emission Control Technology Requirements

From ULEV125 to SULEV

From LEV160 to SULEV

Technology component (Nol:;?il;ll:?ruers) {No olf- Ey-ll-iiders) (Noch:::blii):;ers) (No ofLE)-'II-in’lders)
4 6 8 4 8 8 4 6 8 4 6 8

Greater catalyst loading | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
?53{5?;3633‘5;?5’;(3) 0% | 0% [ 0% | 0% | 0% | 0% | s0% | sow | 75% | so% | eo% | 75%
Secondary air 0% | 25% | 75% | 0% | 26% | 75% | o% | 25% | 75% | o% | 25% | 75%
HC adsorber (active) 0% | 0% | 0% | 0% | 0% | 15% [ o% | o% | 0% | o% [ 0% | 15%
Orlimized thermal 25% | 25% | 26% | 25% | 25% | 25% | 25% | 25% | 25% | 25% | 25% | 25%
:‘ui“g;(':f;;i'rmass 0% | 0% | 0% | o% | o% | 15% | 0% | 0% | 0% | 0% | 0% | 15%
Evap equip 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

Table 1I-A-3-2 below lists emission control technologies that generally are already used
on current low-emission vehicles, or will likely be incorporated on future vehicles to
meet other requirements such as greenhouse gas emission (GHG) requirements. For

example the use of centraily mounted fuel injection in GDI engines can provide stratified
air/fuel mixtures in lean-burn engines that combust more completely to reduce NMOG

and PM emissions while also reducing CO, emissions. Similarly, digital valve control in
conjunction with turbocharging and downsized engines can provide lower NOx
emissions via multiple valve events in each engine cycle while reducing CO; emissions.




Table lI-A-3-2. Low-Emission Vehicle Additional Emission Control Technology

Systems that May Used to Some Extent

From ULEV125 to SULEV ; From LEV160 to SULEV

PC/LDT1 LDT2 PC/LDT1 LDT2
{No of cylinders) | (No of cylinders) (No of cylinders) | (No of cyl’ind‘ers)

4 6 8 4 6 8 4 6 8 4 6 B

Technology Component

Double layer washcoat & cell density

Engine modifications

Central mounted fuel injector
{sclenoid)

Alr Fuel Sensor

Alr-assisted fuel injection

Individual cylinder fuel control

Retarded spark timing at start-up

Direct ozone reduction (e.g.,
Premair)

Digital valve contrel
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3.3. Projected Emission Control Technologies (Medium-Duty Vehicles (8,501 -
14,000 Ibs. GVW)

Staff performed a similar evaluation of the additional hardware needed for medium-duty
vehicles. Staff determined that all gasoline medium-duty vehicles would require
additional catalyst loading and 25 percent would need thermally optimized manifolds.
Similarly, 25 percent of diesel fueled vehicles would require thermally optimized
manifolds and 100 percent would need improved selective catalyst reduction (SCR)
systems. Table lI-A-3-3 below lists the additional hardware for gasoline medium-duty
vehicles that may be needed to meet LEV Il requirements.

Table 1I-A-3-3. Additional Emission Control Components (Gasoline Medium-Duty
Vehicles)

Percent of Technology Needed
Technology Component 8,50161‘.’%0:0 Ibs 10,00;—\:}:‘;:00 Ibs
8-cylinder

Greater catalyst loading 100%. 100%
Systems Optimized close-coupled catalyst(s) 0% 0%
with Secondary air 0% 0%
?:g}'gg{f;y HC adsorber (active) 0% 0%
costs Optimized thermal management 25% 25%

Low thermal mass turbocharger 0% 0%

Evaporative equipment 100% 100%
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Table 1I-A-3-4 below lists the additional emission control technologies staff determined
would be required for diesel fueled medium-duty vehicles to meet the proposed
emission standards.

Table ll-A-3-4, Additional Emission Control Components (Diesel Medium-Duty Vehicles)

Percent of Technology Needed
Technology Component 8,501-10,000 lbs 10,001-14,000 Ibs
GVWR GVWR
8-cylinder
Greater catalyst loading 0% 0%
Systems Optimized close-coupled catalyst(s) 0% 0%
with Secondary air 0% 0%
?:gﬁgglrféy HC adsorber {active) 0% 0%
costs Optimized thermal management 25% ) 25%
Low thermal mass turbocharger 0% 0%
SCR optimization 100% 100%

4. COST ANALYSIS
4.1. Cost methodology

Costs affecting vehicle price are generally assigned to direct costs (cost of hardware to
the manufacturer) and indirect costs (research and development, warranty, corporate
salaries, pensions, health care, transportation, dealer support and marketing). In past
rulemakings, staff developed retail price equivalent factors (RPE) that assumed
incremental increases in direct costs resulted in a constant percentage increase to all
indirect costs. In general, RPE can be expressed by:

RPE = (direct costs + indirect costs + profit)/(direct manufacturing costs)

In this cost analysis, staff relied on recent work by the USEPA that developed a
modified muitiplier, referred to as an indirect cost multiplier (ICM), by evaluating the
components of indirect costs that are most likely to be affected by regulation-induced
vehicle modifications. For example, while an improved catalyst may contain greater
precious metal loading and therefore higher direct cost to the manufacturer, there is no
reason to expect that this would resuit in increased labor costs or other indirect costs
such as pension and health costs to install the catalyst in a vehicle. The ICMs
developed by this work also included a more refined approach to determine indirect
costs by taking into consideration the complexity of the technology employed (see
Rogozhin et al 2009, 2010). The ICMs have been further refined in the latest technical
analysis by USEPA (see USEPA and NHTSA, 2011¢c). Based on the latest USEPA
development of the ICM factors, Table [I-A-4-1 below lists the ICMs that are applied in
this incremental cost analysis.
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Table 11-A-4-1. Indirect Costs Multipliers

. Indirect Cost Multiplier
Complexity Long-Term
Low 1.19
Medium 1.29

As a first step, staff performed a comprehensive cost analysis of direct costs for the
proposed LEV Ili exhaust emission requirements applicable to passenger car, light-duty
trucks and medium-duty vehicles. Specifically, staff estimated the incremental direct
component costs of a SULEV30 vehicle compared to a LEV160 vehicle and a ULEV125
vehicle for passenger cars and light-trucks less than 8500 Ibs. GVWR for four-, six-, and
eight-cylinder applications. These comparisans were chosen because their costs
represent the highest costs manufacturers would incur in achieving SULEV emission
levels across their fleet. Model year 2008 California new vehicle fleet, the latest year
complete fleet data were available, was used to determine the fleet mix of vehicles
using four-, six-, and eight-cylinder engines in each of the vehicle categories of
PC/LDT1 and LDT2. Table II-A-4-2 below shows a breakdown of the new vehicle fleet
mix for the 2008 model year. Staff notes that this cost assessment is inherently
conservative for several reasons. The projected technology requirements for model year
2025 represent component costs for all vehicles to meet the most stringent
requirements of LEV Il (whereas some models will utilize less stringent certification
levels, e.g., ULEV50). In addition, based on manufacturers’ plans, it appears likely that
by 2025 a greater portion of the fleet will consist of vehicles using downsized engines
that have the lower compliance costs.

Table ll-A-4-2. 2008 California Fleet Emission Certification Level Mix

Category Cerﬂf“,’;""“ 4-cyl | 6-cyl 8-cyl
LEV 44% | 45% 12%
PC/LDT1 ULEV 64% | 29% 8%
SULEV 79% | 20% 0%
LEV 8% | 71% 20%
LDT2 ULEV 3% | 59% 38%
SULEV 53% | 47% 0%
PC/LDTi overall 66% 28% 6%
LDT2 overall 7% | 61% 32%

In assessing the incremental costs, staff first defined the additional systems and
technologies that would be used by manufacturers to meet the proposed emission
levels. Staff relied on confidential information provided by vehicle manufacturers,
emission control component suppliers, the technical literature and staff's engineering
evaluation of the likely need for additional emission control hardware. In addition, staff
worked closely with the USEPA in developing these costs, since the goals of LEV {ll
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and the federal Tier 3 program currently under development are very similar (fleet
SULEV emissions fevels in 2025).

After considerable discussion, a consensus was reached on the most likely
configurations of emission control systems needed to meet LEV Il program
requirements. Tables II-A-3-1 above list staff's evaluation of the additional emission
control components needed to meet SULEV30 emission levels.

4.2. Cost Analysis
4.2.1. Passenger cars and Light-Duty Trucks

Once the most likely additional emission hardware likely to be used to meet SULEV
emissions had been determined, staff then assigned costs for each component. Costs
for these components were derived from vehicle manufacturers, emission control
component suppliers and staff assessment of existing data. Tables 1l-4-1 and Table II-
4-2 in list the manufacturers’ direct costs for additional emission control components
and the resulting incremental increase in vehicle price in 2025 in 2009 dollars. Annual
cost reductions of 3% per year for 2015-2020 and 2% per year for 2021-2025 were
applied to the direct costs to reflect reductions in manufacturing costs due to learning
and continual technical improvements in emission control technology. A Low
complexity long-term ICM of 1.19 was applied to all components, with the exception of
the HC adsorber where a Medium long-term ICM of 1.29 was used to reflect the
increased complexity of incorporating this component into the vehicle emission control
system. Staff assigned no additional costs for compliance with the proposed PM
standards for two reasons. First, staff concluded that, since the proposed PM standards
would be met by engine modifications during the normal course of engine deveiopment,
no incremental increase in vehicle price would occur as a result. In addition, staff is
optimistic that real-time measurement procedures would be developed in the requisite
timeframe such that costs for any additional PM testing facilities would be negligible on
a per-vehicle basis.

Table li-4-1 Cost of Additional Emission Control Components (LEV160 to
SULEV30)

From LEV to SULEV
Technology Component PC/LDT1 LDT2
4-cyl | 6-cyl | 8-cyl | 4-cyl | 6-cyl | 8-cyl
Greater catalyst loading $47 $62 $78 $47 $62 $78
Systems Optimized close-coupled catalyst(s) $8 $19 $35 $8 $19 $35
with Secondary air 30 $19 $58 $0 $19 $58
additional HC adsorber (active) $0 $0 $17 $0 $0 $17
technology | Optimized thermal management $6 $6 46 $6 $6 $6
costs Low thermal mass turbocharger $0 $0 50 $0 %0 $0
Evap equip $13 $13 513 $13 $13 $13
Total incremental cost | $73 $119 | $207 $73 $119 | $207
Total incremental price | $87 $142 | $248 $87 $142 | $248
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Table 11-4-2 Cost of Additional Emission Control Components (ULEV125 to

SULEV30)
From ULEV to SULEV
Technology Component PC/LDT1 LDT2

' 4-cyl | 6-cyl | 8-cyl | 4-cyl | 6-cyl | 8-cyl

Greater catalyst loading $23 $31 $39 $23 $31 $39
Systems Optimized close-coupled catalyst(s) $0 $0 $0 $0 30 $0
with Secondary air $0 $19 $58 $0 $19 $58
additional HC adsorber (active) $0 s0 $17 $0 $0 $17
technology Optimized thermal management $6 $6 %6 %6 $6 $6
costs Low thermal mass turbocharger $0 $0 30 $0 $0 $0
Evap equip §13 $13 $13 $13 $13 $13

Total incremental cost | $42 $69 $134 $42 $69 $i34

Total incremental price | $50 $83 $161 $50 $83 $161

4.2.2. Medium-Duty Vehicles

Staff performed a similar cost analysis of the additional hardware needed for medium-
duty vehicles. Again, costs for these components were derived from vehicle

manufacturers, emission control component suppliers and staff judgment. Table 11-A-4-

3 below lists the incremental hardware for gasoline medium-duty vehicles that may be
needed to meet LEV Il requirements.

Table [I-A-4-3. Additional Emission Control Components (Gasoline Medium-Duty

Vehicles)
Cost of Technology Needed
Technology Component 8,501(;%0:0 Ibs 10,001(.;-‘;.3\;200 Ibs
8-cylinder
Greater catalyst loading $40 $40
Systems Optimized close-coupled catalyst(s) 50 $0
with Secondary air $0 $0
acditional HC adsorber (active) $0 $0
technology —
costs Optimized thermal management $6 $6
Low thermal mass turbocharger $0 $0
Evaporative equipment $17 $17
Total incremental direct cost $62 $62
Total incremental vehicle price $75 $75

Table 1I-A-4-4 lists the additional hardware that may be needed for diesel medium-duty

vehicles.
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Table 11-A-4-4. Additional Emission Control Components (Diesel Medium-Duty Vehicles)

Cost of Technology Needed
Technology Component 8,501(-;]\.’[:‘;:)0 Ibs 10,002&&:00 lbs
8-cylinder

Greater catalyst loading $0 $0
Systems Optimized cl_ose—coupled catalyst(s) $0 $0
with Secondary air $0 $0
additional | HC adsorber (active) %0 $0
technology | Optimized thermal management $6 $6
costs Low thermal mass turbocharger $0 $0
Evaporative equipment 30 $0

SCR optimization $40 $40

Total incrementai direct cost $45 $45

Total incremental vehicle price $54 $54

4.3. Incremental Cost of the Standards

From the cost analysis described above, the following conclusions are drawn.

» Based on the 2008 fleet breakdown by engine size and initial certification level,
the projected average incremental retail prices for light-duty LEV Il vehicles in

2025 are shown in Table II-A-4-5.

Table lI-A-4-5. Incremental vehicle price increase for 2025 criteria pollutant compliance

Engine size Average Average
Vehicle Initial baseline incremental | incremental
Category certification level 4-cyl | 6-cyl | 8-cyl price? price®
($/vehicle) | ($/vehicle)
LEV $87 $142 | $248 $130
PC/LDT1 | ULEV $50 $83 $161 $68 $55
SULEV $0 $0 $0 £0
LEV $87 $142 | $248 $159
LDT2 ULEV $50 $83 $161 $111 $117
SULEV $0 $0 $0 $0

 Sales-weighted average for each initial certification fevel
% Sales-weighted average for vehicle category

The average cost-effectiveness of light-duty vehicles meeting the LEV 1lI

program exhaust requirements relative to the 2008 fleet is approximately $4.00
per pound of NMOG + NOx reduced. Motor vehicle control measures typically
range up to $5 per pound of emissions while stationary source controls range up

to $10 per pound of emissions reduced.

» The projected average incremental price increase in 2025 for medium-duty
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vehicles is $75 for gasoline fueled vehicles and $54 for diesel fueled vehicles.
5. OUTSTANDING ISSUES

While developing this proposal, staff worked with the USEPA in an effort to provide as
much consistency as possible between LEV Il requirements and the federal Tier 3
program currently under development, while still meeting California criteria emission
reduction needs. In addition, California test procedures contain extensive references to
sections of the federal Code of Federal Regulations (CFR) pertaining to test procedures
and protocols for demonstration of compliance to the emission standards. Since the
Tier 3 program is not expected to be finalized and incorporated into the CFR until
sometime in 2012 after the scheduled Board hearing for LEV IlI, staff will need to
update the test procedure references subsequent to the Board’s consideration of the
LEV lll regulations. If Tier 3 is finalized and the CFR updated with sufficient time
remaining before the LEV Il regulatory package is due to the Office of Administrative
Law, staff plans to issue a 15-day notice on the revisions to the test procedure
references. Otherwise, staff will return to the Board after these amendments are
adopted in final form, to present updated test procedures for the Board's consideration.

6. REGULATORY ALTERNATIVES TO EXHAUST CRITERIA POLLUTANT
EMISSION PROPOSAL

As noted in the introduction to section i, significant reductions of criteria emissions are
needed if California is to achieve federal and state health based air quality standards.
Staff has presented a LEV Ill proposal above that it believes achieves the maximum
cost-effective and feasible reductions for the timeframe considered. The proposed LEV
[It program will result in significant emission reductions from the light-duty fleet by 2025
and beyond. Nonetheless, staff considered three alternatives to the proposed LEV I
program in an effort to determine whether other approaches could achieve equivalent or
greater emission reductions.

6.1. Do Not Amend Current California LEV Program

Many areas of California are still designated as non-attainment for federal and State
ambient air quality standards. Light- and medium-duty vehicles are a major contributor
to the emission inventory and with increasing vehicle population and vehicle miles
traveled, their contribution to the emission inventory will also increase. In order to
achieve healthful air quality and make further progress towards meeting federal and
State ambient air quality standards, further reductions in mobile source emissions are
needed. In addition, California’s LEV program for criteria pollutants would likely differ
from, and be less stringent than, comparable federal standards, presenting a potential
issue for EPA’s consideration of California’s request for a waiver pursuant to Clean Air
Act Section 209(b). As a result, staff believes that not amending the LEV Il criteria
pollutant standards is not a reasonable alternative.

6.2. Adopt Less Stringent Standards




Staff believes that consideration of less stringent standards wouid put the State at risk
of not achieving the emission reduction goals of the SIP. Given the large amount of
emission reductions that are still needed to achieve federal and State ambient air quality
standards, staff believes that any relaxation of the LEV |1l proposal would seriously
impact California’s ability to achieve its air quality goals.

6.3. Adopt More Stringent Standards

The proposed LEV Ill program requires new light-duty fleet emissions to be reduced to
SULEV NMOG and NOx emission levels by 2025. This represents an emission level
that approaches the very low power plant emissions associated with the recharging of
battery electric vehicles. In developing the LEV Ill proposal, staff held numerous
meetings with vehicle manufacturers and emission component suppliers in order to
determine the most cost-effective approach to achieving these low levels given
manufacturers’ resource constraints of iead-time and costs to incorporate advanced
emission control technology across their vehicle lines. Staff determined that requiring a
more aggressive reduction in fleet emissions would result in substantial vehicle cost
increases to the consumer and place a significant compliance burden on the
manufacturers without a commensurate reduction in emissions.

B. CALIFORNIA'S EVAPORATIVE EMISSION REGULATIONS
1. BACKGROUND
1.1. Evaporative Emissions

Evaporative emissions consist of fuel hydrocarbon vapors from a motor vehicle, which
are released into the atmosphere. Evaporative emissions are classified into three
types: running loss, hot soak, and diurnal. Running less emissions occur during vehicle
operation, originating from various sources within the fuel system and from fuel vapor
overflow of the on-board carbon canister. Hot soak emissions occur immediately after
the termination of engine operation, when latent engine heat vaporizes residual fuel in
the engine system. Diurnal emissions are caused by daily cycling of ambient
temperatures when a vehicle is parked, where ambient temperature increases result in
fuel tank vapor generation. Another type of emissions, refueling emissions, occurs
during refueling of the vehicle when the entering liquid fuel volumetrically displaces the
fuel vapors in the fuel tank.

One main source of vehicular evaporative emissions is the carbon canister, where
excess vapors in the fuel tank are routed for storage instead of being released into the
atmosphere. In many evaporative emission systems, the canister also captures fuel
tank vapor emissions during refueling as part of onboard refueling vapor recovery
(ORVR.) The carbon canister is regenerated during vehicle operation when the fuel
vapors stored in the canister are purged into the engine’s intake system and
subsequently burned in the combustion process. Substantial evaporative emission
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losses from the canister occur when the generated fuel tank vapors routed to the
canister are greater than its storage capacity, and thus, hydrocarbon escape from the
canister into the atmosphere. In addition, small evaporative losses from the canister,
called bleed emissions, result when hydrocarbon emissions escape the canister due to
diffusion of adsorbed hydrocarbons as the vehicle rests over a period of time. Another
main source of evaporative emissions is through permeation of fuel through elastomeric
hoses, joints, and valves, as well as through plastic fuel tanks.

1.2. Current Evaporative Standards and Test Procedures

Compliance with the current evaporative emission regulations, adopted as part of the
LEV Il Program, is based on meeting three separate certification “whole vehicle”
emission standards. Specifically, these include the running loss emission standard, the
three-day diurnal plus high-temperature hot soak (three-day) emission standard, and
the two-day diurnal plus moderate-temperature hot soak (two-day) emission standard."’
The running loss emission standard ensures evaporative emission control during
vehicle driving. The three-day emission standard ensures that the evaporative system
can control evaporative emissions for three consecutive hot summer days. The two-day
emission standard ensures an effective purging strategy of the vehicle carbon canister.
These standards are shown in Table 1I-B-1-1.

As an option, a manufacturer may certify its passenger cars and light-duty trucks to
more stringent requirements by complying with zero-evaporative emission standards.
Specifically, these requirements consist of more stringent three-day and two-day whole
vehicle emission standards, as well as a “zero” fuel evaporative emission standard.
Over the two-day and three-day test procedures, passenger cars must meet a 0.35
grams per test hydrocarbon emission standard (higher levels are allowed for larger
vehicles as shown in Table 1I-B-1-1), which includes fuel and non-fuel hydrocarbon
emissions. They must also meet the zero-evaporative emission standards, which
require a vehicle to emit no more than 0.054 grams per test of fuel-only evaporative
emissions. Currently, manufacturers certify to zero-evapoerative emission standards in
order to qualify for PZEV credits under the ZEV regulatory mandate. This can occur
only if the vehicle’s exhaust emissions are also certified to SULEV exhaust standards
with a 150,000-mile useful iife and a 150,000 mile warranty.

" Compliance with the running loss and three-day emission standards is demonstrated over a three-day
diurnal test procedure. Compliance with the two-day emission standard is demonstrated over a two-day
diurnal test procedure.




Table II-B-1-1. Current LEV Il evaporative emission standards

Hydrocarbon standards
Vehicle type . Three-day diurnal plus | Two-day diurnal plus
¥ I?:rr:]r;rng rlc;:t) hot soak hot soak
(9 pe (grams per test) (grams per test)
Passenger cars 0.05 0.50 0.65
Light-duty trucks

6,000 Ibs. GYWR and under 0.05 0.85 0.85
Light-duty trucks from

6,001-8,500 Ibs. GVWR 0.05 0.90 115
Medium-duty vehicles

(8,501-14,000 Ibs. GVWR) 0.05 1.00 1.25
Heavy-duty vehicles

(over 14,000 Ibs. GVWR) 0.05 1.00 1.25

1.3. Rulemaking Considerations

In the 2010 model year, 28 percent of passenger cars and light-duty trucks were
certified (as PZEVs) to the zero-evaporative emission standards. As part of the
proposed Advanced Clean Cars Program, the proposed changes to the ZEV program’?
would disallow conventional gasoline vehicles to accrue PZEV credits beyond the 2018
model year. Thereafter, no incentive exists to certify a vehicle to meet the zero-
evaporative emission standards, and thus, mandatory regulatory requirements are
needed to continue and increase zero-evaporative certified vehicles. The proposed
LEV lll evaporative emission standards would not only continue the zero-evaporative
requirements beyond 2018 for PZEVs but also extend them to the remaining vehicles in
the passenger car and light-duty truck vehicle categories as well as to the heavier
vehicle categories.

Another major consideration that surfaced during the rulemaking process was the
requirement to demonstrate compliance with the fuel-only emission standard. This
demonstration currently requires the construction of an apparatus, or “rig”, composed of
fuel and evaporative system components (e.g., the fuel tank, fuel hoses, carbon
canister, etc.) for each zero-evaporative emission family. The rig is used to
demonstrate compliance with the 0.0 grams per test emission standard over the two-
day and three-day test procedures. Under the current regulations, this demonstration
does not impose a significant burden on manufacturers because the number of vehicles
certifying to the zero-evaporative emission standard is relatively low. However,
manufacturers contend that the proposed regulations (i.e., requiring all vehicles to
comply with the zero-evaporative emission standard) would result in a significantly
increased testing burden. Thus manufacturers have requested that the rig test
requirement be eliminated. Manufacturers have argued that the rig test is unnecessary
because the whole vehicle evaporative emission standards are low enough to ensure
sufficient control of fuel evaporative emissions. Staff disagrees. Current certification

"2 Proposed revisions to ARB’s ZEV Program are a separate but concurrent rulemaking as part of the Advanced
Clean Cars package of regulatory measures.
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data on zero-evaporative emission families show that 8 percent of families are certified
to whole-vehicle diurnal plus hot soak emission levels less than 0.150 grams per test
compared to a 0.35 grams per test emission standard. If the rig test is eliminated, the
opportunity would exist for a manufacturer to increase fuel emissions on these low-
certifying zero-evaporative vehicles but still comply with the whole-vehicle emission
standards. To resolve this issue, staff's proposal includes a compliance option (Option
2) that addresses both staff's and manufacturers’ concerns.

2. SUMMARY OF PROPOSED AMENDMENTS
2.1. Proposed Evaporative Emission Standards

To maintain continuity of vehicles certified to the zero-evaporative emission standards
and to expand the use of existing zero-evaporative technology to the remaining vehicle
classes, staff proposes to require all passenger cars, light-duty trucks, medium-duty
vehicles, and heavy-duty vehicles that are gascline-fueled, liquefied petroleum gas-
fueled, and alcohol-fueied, to comply with the zerc-evaporative emission standards.
This would require amending section 1976, title 13, California Code of Regulations
(CCR) (Appendix A) and the incorporated “California Evaporative Emission Standards
and Test Procedures for 2001 and Subsequent Model Motor Vehicles” (Appendix F).
The proposed lower evaporative emission standards are equivalent in stringency to the
optional LEV !l zero-evaporative emission standards.

2.1.1. Compliance Options

Two options for complying with the zero-evaporative emission standards are proposed.
Note that the current running loss emission standards and the vehicle evaporative
durability requirement (also known as “useful life"} of 15 years or 150,000 miles,
whichever first occurs, would remain unchanged from LEV 1l levels.

a. Option 1 — Whole-vehicle plus fuel-only evaporative emission
standards

In this option, the proposed evaporative emission standards for passenger cars and
light-duty trucks are identical to the current optional zero-evaporative emission
standards which are currently used by manufacturers to earn PZEV credits, as shown in
Table 1I-B-2-1. However, the proposed Option 1 whole-vehicle emission standards are
35 to 46 percent lower than the current non-zero-evaporative LEV Il two-day emission
standard and 17 to 30 percent lower than the current non-zero-evaporative LEV Il three-
day emission standard, depending on the vehicle type.




Table lI-B-2-1. Proposed option 1 evaporative emission standards

Hydrocarbon emission standards
] Three-day diurnal + hot soak, and
Vehicle type Running loss two-day diurnal + hot soak
(grams per miles) Whole vehicle Fuel only
{grams per test) {grams per test)
Passenger car 0.05 0.350 0.0
Light-duty truck
6,000 Ibs. GVWWR and under 0.05 0.500 00
Light-duty truck from
6,001-8,500 Ibs. GVWR 0.0 0.750 00
Medium-duty passenger vehicle 0.05 0.750 0.0
Medium-duty vehicle
(8,501-14.000 Ibs. GVWR) 0.05 0.750 0.0
Heavy-duty vehicle
(over 14.000 Ibs. GVWR) 0.05 0.750 0.0
b. Option 2 — Whole-vehicle evaporative emission standards with a fleet

average option and a canister bleed test requirement

Opticn 2 would provide manufacturers another compliance path while maintaining the
same stringency level as Option 1. To address manufacturers’ concern of an overly
burdensome rig test, Option 2 would eliminate this requirement. But to maintain and
ensure adequate fuel evaporative control, two other major revisions, compared to
Option 1, are proposed. Specifically, for Option 2, staff proposes to increase the
stringency of the whole-vehicle emission standards and require manufacturers to
demonstrate compliance with a new “canister bleed test, which verifies the vehicle’s
ability to prevent hydrocarbon diffusion from the canister into the a\tmosphere."13 The
proposed Option 2 emission standards are shown in Table 1I-B-2-2. The canister bleed
test would ensure that the vehicle’s carbon canister is optimally designed using the best
control technology and that adequate canister purge occurs during vehicle operation.
Based on staff's discussions with emission control industry experts, canister bleed
emission values from current zero-evaporative systems are below the level of detection
and therefore meet the proposed emission standards, with the exception of a few hybrid
vehicles. As described in the subsequent technology section, staff believes additional
technologies may be needed in some cases to enable hybrid systems to meet the
proposed standard. Staff is confident that the combination of the lower whole-vehicle
standard and the canister bleed test would be equally effective in ensuring equivalent
emission control as compared to the current zero-evaporative emission standards.

Option 2 would also allow manufacturers to demonstrate compliance with the proposed
diurnal plus hot soak emission standard through fleet averaging. For example, if a
manufacturer's evaporative fleet average certification emission level for a particular

" The canister bleed test, significantly less costly and burdensome compared to the rig test, is described in further
detail in section 11.B.2.1.4, “Test Procedure Modifications.”




emission standard category equals, or is less than, the applicable emission standard,
the manufacturer would be in compliance for that given emission standard category.
However, if the manufacturer's fleet average level for an emission standard category
exceeds the applicable emission standard, the manufacturer would incur evaporative
emission debits and be required to offset these debits within three modei years with
emission credits earned in previous or subsequent model years. If the debits are not

~ offset after the three model year period, the manufacturer may be subject to civil
penalties. Under this proposed fleet averaging provision, evaporative emission credits
could be used for the five model years following the model year in which they are
earned to offset any evaporative emission debits in the same emission standard
category. Furthermore, the manufacturer may also use the emission credits from the
passenger car and smallest light-duty truck emission standard category to offset debits
from other emission standard categories at the end of the debit offset period.

Under Option 2, compliance determination using the three-day and two-day test resuits
would differ from the methodology used in the existing regulations. The current
methodology uses the three-day and two-day test results and compares them
individually with their respective emission standards for each test. However, under the
proposed Option 2, the higher emission result between the two tests would be used to
determine compliance with the emission standard.

Table Il-B-2-2. Proposed option 2 evaporative emission standards

Hydrocarbon emission standards

Vehicle type Running loss nghes(t):i 'sl";r;‘s I plus Canister bleed
(grams per test) (grams per test) (grams per test)
Passenger car; and
Light-duty truck
6,000 Ibs. GVWR and under, and 0.05 0.300 0.020
0 —3,750 Ibs. LVW
Light-duty truck
6,000 ibs. GVWR and under, and 0.05 0.400 0.020
3,751 - 5750 Ibs. LVW
Light-duty truck
6,001 - 8,500 Ibs. GVWR; and 0.05 0.500 0.020
Medium-duty passenger vehicle
Medium-duty vehicies .
Heavy-duty vehicle
(over 14,000 Ibs. GVWR)
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2.1.2. Proposed Implementation Schedule

The proposed implementation of the LEV Il evaporative emission standards would

“begin in the 2015 model year and be phased in through the 2022 model year, as shown
in Table 1i-B-2-3. In the 2015 through 2017 model years, the proposed minimum
percent requirement would be the average percentage of vehicles generating PZEV
credits in a manufacturer’s vehicle fleet for the previous three model years, i.e., 2012,
2013, and 2014. The proposed 2015 through 2017 model year requirement would
ensure that a manufacturer maintains at least the same percentages of zero-
evaporative vehicles as previous model years. The proposed phase-in of the LEV Il|
evaporative standards would increase to 60 percent in the 2018 model year, to 80
percent in the 2020 model year, and to full implementation in the 2022 and later model
years.

An alternate phase-in schedule to comply with the phase-in requirements is also
proposed, which would provide added flexibility to manufacturers. The alternate phase-
in schedule would allow manufacturers to select phase-in percentages that are different
than those indicated in Table [I-B-2-3 so long as it is shown that an equivalent weighted
compliance volume of phased-in vehicles would be achieved by 2022. This alternative
phase-in schedule could only be applied to the 2018 through 2022 model years.

Table 1I-B-2-3. Proposed evaporative standard implementation schedule

Model year Minimum percentage of vehicle fleet

Average of previous
2015 to 2017 3 model year PZEVs

2018 to 2019 60
2020 to 2021 80
2022 and subsequent 100

2.1.3. E10 Certification Fuel Phasge-In Schedule

As part of the Advanced Clean Cars Program, staff is proposing to amend certification
test fuel specifications by eliminating required testing with MTBE laden fue), and
requiring 10 percent ethanol by volume instead, as discussed in section IV. This
proposed modification would better align the specifications of certification test fuel with
the properties of in-use fuel. It is proposed that all vehicles certifying to the LEV |l
evaporative emission standards would be certified using the proposed test fuel with 10
percent volume ethanol, and that by the 2020 model year all evaporative emission
certifications would be certified using the proposed test fuel with 10 percent volume
ethanol.

2.1.4. Test Procedure Modifications
As briefly mentioned earlier, a canister bleed test would be required when certifying

under Option 2. This proposed test procedure involves component testing of the
vehicle’s carbon canister while connected to the vehicle's fuel tank, and generally
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mimics the two-day test procedure. In this procedure, the canister would be stabilized
to a 4,000-mile test condition and preconditioned through loading and purging. The
canister would then be connected to the fuel tank vent port, and both the canister
system and the fuel tank placed in a testing enclosure where the ambient temperature is
cycled between 65°F and 105°F, for a period of two 24-hour cycles. To determine
compliance with the proposed canister bleed test, the amount of hydrocarbons emitted
over each 24-hour period would have to be equai to or less than the proposed emission
standard. The proposed canister bleed test requires substantially less time and is less
labor-intensive than the rig test manufacturers currently perform for the zero-
evaporative emission standards, aithough the canister bleed test is not as
comprehensive as the rig test, which tests every evaporative emission control and fuel
system component. However, staff believes the proposed canister bleed test and
standards coupled with the proposed Option 2 lower whole vehicle standards would be
equally effective in ensuring equivalent emission control as the current zero-evaporative
emission standards.

2.1.5. Pooling Evaporative Emissions from California and Section 177 States

Beginning in 2015, staff is proposing to provide an option to allow compliance with the
fleet average Highest Diurnal plus Hot Soak requirement, set forth in section
11.B.2.1.1.b., be demonstrated using the pooled fleet average of the Highest Diurnal plus
Hot Soak emission values of new vehicles produced and delivered for sale in California
and all states, including the District of Columbia if applicable, that adopt California’s
evaporative emission requirements for light-, medium-, and heavy-duty vehicles. Staff
is also proposing to allow pooling to comply with the phase-in requirements discussed in
section 11.B.2.1.2. Manufacturers that choose this option would be required to report the
number of vehicles produced and delivered for sale and the emission standards, and
family emission limits, if applicable, to which they are certified for each state, and the
District of Columbia if applicable, that adopts California emission

requirements. Including this provision provides additional compliance flexibility to
vehicle manufacturers, particularly with respect to meeting a separate fleet average
requirement in those states with limited new vehicle sales. While this represents a
departure from past practice, staff believes that the emission impact of this provision
within California and states that adopt California requirements will be minor due to the
very low level of fleet emissions required by this program.

2.2. Proposed Onboard Refueling Vapor Recovery (ORVR) Amendments

The ORVR regulations were previously updated in 2009 for changes related to plug-in
hybrid vehicles. The changes proposed in LEV It are to bring the applicability of ORVR |
standards into alignment with the current federal regulations and expected Tier 3
amendments to 40 CFR §86-1811-04(e)(3). California’s current ORVR standards (13
CCR §1978) only apply to vehicles up to 8,500 pounds GVWR. The proposed change
would increase the applicability of the ORVR requirements to complete vehicles up
through 14,000 pounds GVWR inclusive. The proposed regulatory language for section
1978, title 13, CCR is provided in Appendix A. The “California Refueling Emission




Standards and Test Procedures for 2001 and Subsequent Model Motor Vehicles™ is
incorporated by reference into section 1978, title 13, CCR and proposed revisions to the
incorporated test procedures are provided in Appendix G.

Under the current federal ORVR regulations, complete vehicles up through 10,000
pounds GYWR are required to meet the ORVR standards. However, OEMs have
indicated that complete vehicles up through 14,000 pounds GVWR contain ORVR
equipment in an effort to minimize evaporative system variants among the MDV class.
Thus, to come into alignment with current practice and prevent future backsliding, staff
is proposing that, beginning with model year 2015, complete vehicles up through 14,000
pounds GVWR comply with the ORVR standards. The proposed LEV lll standards are
unchanged from the LEV il standards of 0.20 grams hydrocarbons per gallon of fuel
dispensed for gasoline-fueled, diesel-fueled, and hybrid electric vehicles (hydrocarbons
mean organic material hydrocarbon equivalent for alcohol-fueled vehicles), and 0.15
grams hydrocarbons per gallon of fuel dispensed for liquefied petroleum gas-fueled
vehicles. '

In addition to increasing the GVWR appilicability, staff is proposing an option to allow
OEMs to use California certification fuel {gasoline with 10 percent ethanot) during the
certification testing in lieu of federal certification fuel, with the provision that California
test temperatures are alsc used (Appendix G). This change is being proposed to allow
streamlining between the ORVR and evaporative emission testing when California
certification fuel is used for evaporative emission testing. The proposed increase in the
refueling temperature from 67°F = 1.5°F to 79°F + 1.5°F if California certification fuel is
used would ensure comparability with the federal test procedures and test fuels, which
have a higher vapor pressure but lower test fuel temperature. The vehicle soak
temperature would remain unchanged in order to ensure equivalent stringency
regardless of the certification fuel used.

The proposed changes to the ORVR regulations and test procedures are not expected
to result in any emission reducticn or OEM cost due to current federal requirements for
vehicles 8,501 through 10,000 pounds GVWR, OEM practice for vehicles 10,000
through 14,000 pounds GVWR, and use of on-site vapor recovery at refueling stations
located in ozone non-attainment areas. Thus, these proposed changes serve to
harmonize California and federal regulatory requirements and ensure the best available
refueling vapor recovery systems on all complete vehicles equal to or less than 14,000
pounds GVWR.

2.3. Proposed Amendments to the Specifications for Fill Pipes and Openings of
Motor Vehicle Fuel Tanks

The specifications for fill pipes and openings of motor vehicle fuel tanks (13 CCR
§2235) were last amended in 1980 and were based upon Society of Automotive
Engineers (SAE) specifications that have since been withdrawn and superseded by the
International Organization for Standardization (1SO) standard, “Road vehicles — Filler
pipes and openings of motor vehicle fuel tanks — Vapour recovery system” (ISO 13331-
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1995(E)). This ISO standard is based upon the original SAE standards, but addresses
several errors and clarifies aspects of the design criteria.

In order to bring the “Specifications for Fill Pipes and Openings of Motor Vehicle Fuel
Tanks” up to date with the most current industry standards, staff is proposing to revise
the current specifications so that they would be applicable only through model year
2014 (Appendix H). Beginning with model year 2015, the specifications based on the
SAE standards ("Specifications for Fill Pipes and Openings of 1977 through 2014 Model
Motor Vehicle Fuel Tanks") would be sunsetted and replaced by new specifications that
incorporate the ISO standards by reference ("Specifications for Fill Pipes and Openings
of 2015 and Subsequent Model Motor Vehicle Fuel Tanks"). The proposed specification
language for 2015 and subsequent model year vehicles is available in Appendix I.
Because the fill pipe specifications in the 1SO-13331-1995 standard are substantially
similar to and primarily clarifications of the SAE specifications referenced in the 1990
revision of 13 CCR Section §2235, no OEM changes for compliance are anticipated. All
test procedures would continue to be required and would be unchanged from the 1990
amendments.

3. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS
3.1. Current Evaporative Emission Technology

Today’s most advanced evaporative emission control technologies are in vehicles
meeting the optional zero-evaporative emission standards. The current state-of-the-art
in evaporative technology is described in the ensuing paragraphs. Evaporative
emission control technology can basically be grouped into three categories: carbon
canister system, fuel storage / delivery system, and air intake system.

3.1.1. Carbon Canister System

A carbon canister system is employed to adsorb hydrocarbon vapors generated in the
fuel tank during a refueling event, during vehicle operation, and while the vehicle is
parked. These vapcrs are adsorbed by activated carbon granules contained in the
canister. Canister system emissions generally fall into two categories: breakthrough
and bleed. In a typical evaporative test sequence, breakthrough is the point when 2.0
grams of hydrocarbon has been emitted from the canister. The canister system
emissions that occur before the onset of breakthrough are bieed emissions. Target
canister system emission levels for zero-evaporative vehicles are in the 0.003-0.010
gram/test range. These bleed emissions occurring at this level are not due to lack of
adsorptive capacity in the canister, but are due to diffusion (i.e., transfer of adsorbed
fuel molecules through the canister to the port which is open to the atmosphere)
{(Williams et al. 2001).

The majority of zero-evapcerative vehicles incorporate a hydrocarbon scrubber in order
to achieve very low level bleed emissions. Most often, the scrubber is an auxiliary
activated carbon honeycomb attached to the canister's atmosphere port. Simulated real
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time two-day diurnal testing, at 150 bed volumes of purge, yielded emissions of 0.196
grams with a standard canister, which were reduced to 0.015 grams with the addition of
a hydrocarbon scrubber (Williams et al. 2001).

3.1.2. Fuel Storage and Delivery System

Fuel permeation through the fuel tank, fuel lines, and vapor lines, combined with
leakage from the associated connections for these components, contribute to
evaporative emissions. In the fuel systems of current zero-evaporative vehicles, both
system configuration and materials selectlon are optimized to achieve minimal
evaporative emissions.

A system that has a minimal number of connections and components exposed to the
atmosphere will have fewer opportunities for leakage. One current design practice
involves integrating components such as venting valves, the fuel filter, and the fuel
pump inside the fuet tank. Some fuel tanks use a common entry port for these internal
components. For sealing off exposed components and critical joints, such as the fuel
-tank inlet, some designs include an external barrier film application.

Hydrocarbon permeation is reduced in current fuel system designs by minimizing the
permeable materials' fuel exposure area and incorporating low/no permeation materials.
Steel and plastic are used for the rigid components of the fuel system. Gasoline and
alcohol do not permeate steel, while with plastic, permeation does occur, but this is
drastically reduced by adding barrier layer(s) composed of low permeation materials.
Rigid component barrier layer materials such as ethylene vinyl alcohol (EVOH) and
fluoropolymers have shown good performance in limiting permeation with ethanol-
containing fuels (Nulman et al. 2001). For seal, gasket, and hose applications,
fluoroelastomers have been shown to limit permeation from ethanol containing fuels
while retaining the mechanical properties required for a robust seal (Thomas et al.
2009).

Staff expects that the proposed test fuel containing 10 percent ethanol would result in a
small increase in evaporative emissions during certification testing in comparison to
certification tests conducted using the current MTBE-based fuel with no ethanol. The
expected increase in certification emissions would be due to increased permeation,
which can increase fuel system hydrocarbon emissions by as much as 0.028 grams on
a zero-evaporative passenger car (Haskew et al. 2006). However, most vehicles
currently contain low-permeation materials because manufacturers must design for the
commercial fuel in California, which contains up to 10 percent ethanol. Therefore, staff
does not expect manufacturers to make significant changes to the fuel system to
accommodate the proposed test fuel, nor does staff expect any impact on fleet
evaporative emissions due to the change.
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3.1.3. Air Intake System Evaporative Controls

The vehicle’s air intake system (AlS) is another channel from which evaporative
emissions can escape. These emissions result when fuel injector leakage, vapors from
uncombusted fuel in the intake manifeld, and crankcase blow-by gases escape out of
the vehicle’'s AlS. AlS emissions occur when the engine is turned off and the engine
compartment is exposed to residual engine heat in addition to heat from diurnal
temperature variations. The maijority of current zero-evaporative vehicles are equipped
with some form of AIS emission control element. Non-zero-evaporative vehicles are
typically certified without an AlS element.

An AlS control element is typically placed in either the vehicle’s airbox or in the air tube
between the throttle body and the airbox. The AlS element adsorbs hydrocarbon
vapors that pass by or through it by the means of an activated carbon or synthetic
Zeolite material. Similar to the carbon canister's functionality, when the engine is
operated, the hydrocarbons adsorbed on the AlS element are drawn into the engine for
combustion. These devices are designed to be permanently installed and maintain their
function for the vehicle’s full useful life.

3.2. Potential Technologies for Compliance with Proposed Standards

Staff expects that the fuel system and evaporative control technolegy package required
for a vehicle to meet the proposed standards would be equivalent to what is in today’s
zero-evaporative vehicle. However, hybrid vehicles could require some additional
technology to meet the proposed bleed emission test standard, because they have less
available purge to regenerate the carbon canister. Since the internal combustion
engine in a hybrid may be turned off for long periods during vehicle operation, there are
fewer opportunities to purge the canister. Purge volume is normally expressed in terms
of canister bed volumes displaced during the two-day test procedure. Currently, a non-
hybrid zero-evaporative vehicle yields 150-250 bed volumes while, in contrast, a hybrid
with an integrated evaporative system produces 70-100 bed volumes. A trend of
decreasing available purge is expected for future hybrid vehicles, due to increased time
in engine-off mode.

A partially pressurized fuel tank is expected to be one of the most feasible technologies
to compensate for hybrid vehicles’ lower availabie purge. Since the fuel tank would be
sealed up to a particular threshold pressure, this technology would facilitate reduced
canister loading. Heated purge may be another option for addressing low-purge by
increasing the efficiency of a given purge volume.
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4, COST ANALYSIS
41. Cost methodology

Staff has estimated the cost to auto manufacturers to implement the proposed changes
to the evaporative emission program. Cost information was abtained by consulting with
fuel system suppliers, vehicle manufacturers, and USEPA. A typical vehicle meeting
the current LEV Il evaporative standards was used as the baseline for determining
incremental costs. '

4.2, Cost Analysis

Table iI-B-4-1 shows an estimate of the added cost per vehicle for various parts of the
fuel and evaporative control system to meet the proposed standards. The majority of
the costs are expected to be due to the expansion of existing zero-evaporative
technology. Some manufacturers have already integrated zero-evaporative
components to a large extent on the rest of their fleet, which should reduce their
compliance costs. The cost values noted below have been weighted based upon the
fact that it takes a combination of the modifications listed below, not necessarily all of
them, to achieve a zero-evaporative system. Four dollars of indirect costs were added
to account for overhead as well as fixed (one time) costs that would be incurred in a
small proportion of cases requiring a new component design for an in-house
manufactured part, such as a fuel tank. Staff does not expect there to be a substantial
difference in incremental cost among the various vehicle weight categories. The
heavier vehicles wouid require more materials, but this should balance out cost-wise
since the additional space allows for a more simple design and layout of fuel system
components.

Table lI-B-4-1. Evaporative Technologies’ Incremental cost

Component Changes Added cost per vehicle

Minimize ports (locate vents and valves
inside tank, entry through a common $2.90

Fuel tank . :
port), low permeation material, vapor
block valve for hybrids

Canister Addition of hydrocarbon scrubber $10.00

AlS System Addition of control element $2.00
Fuel lines and system Fewer components, low permeation $2.10

connecticns material '
Total direct $17

manufacturing costs
Total + $4.00 indirect
costs
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5. OUTSTANDING ISSUES

During the development of the evaporative emission proposal, staff deliberated with
affected vehicle manufacturers on various issues related to the rulemaking. In addition,
staff held several rulemaking workshops for the general public to solicit feedback on the
proposal. Although most of the rulemaking issues have been resolved, there is one
remaining issue that is still under consideration. This issue pertains to vehicle
evaporative emissions as measured in the field. A recent USEPA test program showed
that for many vehicles, in-use evaporative emissions are much higher than those
observed during certification, indicating the need to strengthen current certification and
in-use compliance programs. Although test data on current zero-evaporative emission
vehicles (i.e., PZEVs) are limited, it is expected that the materials and connections used
to meet the proposed LEV Il evaporative emission requirements will reduce emissions
over the lifetime of the vehicle, in part by reducing in-use deterioration. Current on-
board diagnostic (OBD) systems also monitor for evaporative system leaks, although
not all leaks may be detected and the onus is on the vehicle owner to have the leak
repaired. Thus, if even a small percentage of vehicles develop leaks in-use, significant
-gains from LEV 1l could be lost. As such, ARB staff is working with EPA to develop a
leak emission standard and test procedure. A requirement that vehicles be subject to a
‘leak test” requirement both at certification and in-use could be incorporated into LEV IlI
when the currently proposed rule is finalized or, more likely, through a separate
rulemaking in the future. Because fuel system leaks develop as vehicles age and new
systems are unlikely to fail the leak test as proposed, it is anticipated that manufacturers
would be given the option to provide an attestation of compliance at certification, with
compliance testing conducted primarily during the in-use verification program.

Although ARB, USEPA, and industry are still working on the details of the leak test, a
general outline of the procedure is provided in Figure 11-B-5-1. The leak test would
utilize a test apparatus that would attach to the vehicle fuel system, either through a
dedicated test port or through a fuel system opening such as the filler pipe. The fuel
system would then be sealed and slightly pressurized (less than 0.5 pounds per square
inch) with an inert gas. The test apparatus would be calibrated such that at a given
temperature and system pressure, the flow of gas through the apparatus corresponds to
the leak size. For example, a larger leak in the fuel system would be correlated with a
higher flow rate through the apparatus due to the need for more inert gas to maintain a
given pressure as gas is lost through the leak(s). It is expected that the certification and
in-use standards for maximum permissible orifice size will be set between 0.01 and 0.02
inches. Staff anticipates that manufacturers would be able to conduct this test either in
sequence with the current 2-day or 3-day diurnal test procedure or as a stand-alone test
procedure utilizing the same preconditioning procedures as the diurnal tests. This
requirement would complement the OBD evaporative system leak monitoring
requirement, not replace it.
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Figure |I-B-5-1. Flow chart depicting the outlined procedure for the proposed leak test.

Calibrate and/or verify testing apparatus

Precondition vehicle similar to diurnal test
(fuel to 40%, soak 6 hours)

Seal fuel system so as to pressure test entire
system (purge valve, cap, etc.)

Attach tester to vehicle’s fuel system

Pressurize fuel system with inert gas (max 0.5 psi)

Allow flow and pressure to stabilize

Determine effective leak size from output data

Calculated effective leak size must be less than
0.01 - 0.02 inches

While detailed regulatory text for the leak test requirement is not currently proposed as
part of the LEV (Il evaporative emissions program, staff proposes that the LEV [II/GHG
regulatory proposal, as part of the Advanced Clean Cars rulemaking package, be
finalized with the final federal leak test and standard as described, provided it is
substantially similar to that depicted in Figure 11-B-5-1. ARB staff anticipates that
USEPA will incorporate the leak test and associated standards when the Tier 3
rulemaking is finalized in 2012, at which time ARB staff will evaluate whether this test
requirement should be included into LEV Ill for certification and in-use verification



purposes. Assuming staff determines that the leak test and standard are appropriate for
inclusion into LEV 111, the finalized federal regulatory language, as modified by
California, would be subject to additional public comment — ideally occurring before ARB
has finalized the current rule — in order to promote harmonization within the nationai
program.

6. REGULATORY ALTERNATIVES TO EVAPORATIVE EMISSION PROPOSAL

As part of the regulatory development process, the following alternatives to this
proposal were considered.

6.1. Do Not Amend the Evaporative Emission Standards

To continue to reduce smog-forming VOC emissions, staff believes it is necessary to
increase the stringency of the current evaporative standards. Based on staff’s
analyses, the proposed regulation is feasible and cost-effective since for the most part,
it would require only expansion of existing zero-evaporative technology.

6.2, Adopt More Stringent Evaporative Emission Standards
6.2.1. Zero-fuel test requirement

Extending the zero fuel, or rig test, to the entire fleet was seen as a way to reduce
evaporative emissions. However, manufacturers contend that this test is excessively
burdensome due to the complexity and cost of setting up fuel system rigs, and the new
test facilities that would be required. Option 2, with the lower whole vehicle standard
and the canister bleed test, has been proposed to give manufacturers an alternative to
the rig test. Staff considers Option 2 to provide equivalent emission control as
compared to the higher whole vehicle standard and rig test which make up the current
zero-evaporative requirement. This rig test will be an option for manufacturers, as it is
contained in the proposed Option 1.

6.2.2. Lower whole vehicle emission standard

Staff believes that the fuel systems on vehicles certified o the zero-evaporative
emission standard represent the best of currently available evaporative control
technology. A large proportion of the evaporative emissions on zero-evaporative
certified vehicles come from non-fuel sources. Although there are current zero-
evaporative vehicles with two-day and three-day diurnal plus hot soak certification levels
below 0.150 grams, these vehicles have very low background (non-fuel) emissions,
which staff believes would be very difficult to achieve on an average fleet-wide basis.
Based upon a review of average zero-evaporative vehicle certification values, staff
believes that the proposed emission standards are appropriate to expand the use of
zero-evaporative technology to the rest of the fleet, and that a lower whole vehicle
emission standard would not allow sufficient margin for non-fuel evaporative emissions.




C. VEHICLE LABELING REQUIREMENTS
1. BACKGROUND

Since 1995, California's Smog Index Label helped consumers assess the relative smog
emissions from new cars. In 2005 Assembly Bill 1229 was signed into law (Nation,
Chap. 75, Stats. 2005, codified at Health and Safety Code §43200.1). These
amendments to California’s vehicle labeling regulations created a more user-friendly
scoring system for determining the Smog Score and added a Global Warming Score.
Both scores are based on a scale of 1 -10 with 10 being the cleanest and 5 representing
an average new car.

The California Environmental Performance Label (Figure 11-D-1-1) is required on all new
vehicles sold in California that were manufactured after January 1, 2009,

Figure 1I-D-1-1, California Environmental Performance Label

Environmental Performance
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Using alternative fuels may improve scores. See www.DriveClean ca.gov

Vehicle emissions are a primary contributer to global warming and smog.

Scores are determined by the California Air Resources Board based on
this vehicle’s measured emissions. Please visil  Lasoin trwonmentst Protocton Agency

» . . L |
www.DriveClean.ca.gov for more information.  aA|R RESOURCES BOARD

Per the Energy Independence and Security Act of 2007, the United States Department
of Transportation, United States Department of Energy and USEPA were directed to
revise the Federal Fuel Economy Label to reflect an automabile’s fuel economy and
greenhouse gas and other emissions over the useful life of the automobile. It also
required the revised label to include a rating system that would make it easy for
consumers to compare the fuel economy and greenhouse gas and other emissions at
the point of purchase.

Starting in the Spring of 2010, ARB staff began working with USEPA and NHTSA on
revisions to the Fuel Economy Label. The goal of working with USEPA and NHTSA
was to provide input on the information needed on the Federal label to allow California
to use this Label in lieu of the California Environmental Performance label.
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'mportant California requirements addressed by the federal label included:

. Adding the following statement to the label: “Vehicle emissions are a significant
cause of climate change and smog”

. Having a clear statement about upstream emissions and having a clear place to
find this information on a regional basis.

. Including all cars in the rating system rather than segregating by size or class.

Because of this successful collaboration California is able to harmonize with the federal
labeling requirements.

In June 2011, USEPA and NHTSA published 40 CFR Parts 85, 86, and 600 providing
requirements for the new Fuel Economy and Environment Label meeting these
requirements. This new Federal Label (Figure {I-D-1-2) is required on all new cars
starting with Model Year 2013 and can be affixed earlier on a voluntary basis. The new
Federal Fuel Economy and Environment Label is a redesign that now includes a
Greenhouse Gas and Fuel Economy Rating from 1 to 10 with 10 being best and a
Smog Rating, also from 1 to 10 with 10 being cleanest. The content and graphical
design are sufficiently similar to and were inspired by the Global Warming and Smog
Scores on California’s Environmental Performance Label.

Figure 11-D-1-2. Federal Fuel Economy and Environment Label, June 6, 2011
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2. SUMMARY OF PROPOSED REGULATION

Staff is proposing to add language to the “California Smog Index Label Specifications
for 2009 and Subsequent Model Year Passenger Cars, Light-Duty Trucks, and Medium-
Duty Passenger Vehicles,” incorporated by reference at Title 13, California Code of
Regulations, Section 1965), that would deem manufacturer compliance with the
Federal Fuel Economy and Environment Label published in 40 CFR Parts 85, 86, and
600 as promuigated on July 6, 2011 as compliant with the California Environmental
Performance Label requirements. Providing consumers with only one label that
includes substantial environmental information meeting California’s statutory
requirements will avoid confusion as well as information overload.

Staff is also proposing to add clarifying language about Neighborhood Electric Vehicles
(NEVs). NEVs are not permitted to affix the Federal Fuel Economy and Environment
Label because only those vehicles that qualify for Corporate Average Fuel Economy
(CAFE) credits are permitted to have these labels. Since NEVs cannot receive these
credits, they cannot affix this labei. Therefore, for consistency, staff proposes to no
longer require the Environmental Performance Label on these types of vehicles.

3. COST ANALYSIS

By allowing OEMs to use the new Federal Fuel Economy and Environment to meet the
California’s vehicie labeling requirements, OEMs will save money by not having to also
print and affix the California Environmental Performance Label.

According to the May 4, 2007 Initial Statement of Reasons for the Environmental
Performance Label, the initial annualized cost for compliance for the industry as a whole
with these requirements was estimated to be $3,500 and the annual ongoing cost for a
typical manufacturer was estimated to be $4,667, making an OEM's total annual cost for
printing the California Environmental Performance Label and affixing it to all of their cars
to be $8,167. Although the initial annualized costs will not change, the ongoing annual
cost will go to zero.

D. MINOR AMENDMENTS TO THE ON-BOARD DIAGNOSTICS REGULATIONS
1. BACKGROUND

Second generation on-board diagnostics (OBD il) systems are comprised mainly of
software designed into the vehicle's on-board computer to detect emission control
system malfunctions as they occur by monitoring virtually every component and system
that can cause an increase in emissions. When an emission-related malfunction is
detected, the OBD Il system alerts the vehicle owner by illuminating the malfunction
indicator light (MIL) on the instrument panel. By alerting the owner of malfunctions as
they occur, repairs can be sought promptly, which results in fewer emissions from the
vehicle. Additionally, the OBD I! system stores important information including
identification of the fauity component or system and the nature of the fault, which would
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allow for quick diagnosis and proper repair of the problem by technicians. This helps
owners achieve less expensive repairs and promotes repairs done correctly the first
time.

With OBD Il systems having been required on all 1996 and newer vehicles produced for
sale in California and most vehicles sold nationwide, more than 110 million vehicles are
currently equipped with them. Input from manufacturers, service technicians, inspection
and maintenance (I/M) programs, and in-use evaluation programs indicate that OBD ||
systems are very effective in finding emission problems and facilitating repairs.
Accordingly, US EPA issued a final rule indicating its confidence in the performance of
OBD |l systems by requiring states with I/M programs to perform OBD Il checks for
these newer cars and allowing them to be used in lieu of current tailpipe tests. The
California I/M program (Smog Check) has adopted these provisions.

The California Air Resources Board (ARB) ariginally adopted the light- and medium-duty
vehicle OBD Il regulation in 1989 for the 1994 and newer modei years. As directed by
the Board, the regulation has been reviewed and updated at regular updates since then,
with the last major update to the regulation occurring in 2006 as well as updates to the
medium-duty diesel requirements occurring in 2009. Staff was not scheduled to go to
the Board this year to update the OBD Il regulation; however, manufacturers recently
approached ARB staff and requested regulation changes that they indicated were
needed immediately in order to ensure compliance when they certify their 2013 model
year vehicles. Manufacturers and ARB staff held discussions with interested
manufacturers, including a face-to-face meeting on July 27, 2011, to discuss their
proposal. '

In response to the manufacturers’ requests, staff is proposing changes to the OBD ||
regulation, California Code of Regulations {Cal. Code Regs.), title 13, section 1968.2,
and its associated enforcement regulation, section 1968.5.

2. SUMMARY OF PROPOSED AMENDMENTS

Section 1968.2(c): Definitions

The OBD Il regulation currently defines “calculated load value” for diesels as
“determined by the ratio of current output torque to maximum output torque at current
engine speed as defined by suspect parameter number (SPN) 92 of SAE J1939.”
Manufacturers have indicated that the definition in Society of Automotive Engineers
(SAE) J1939 only applies to heavy-duty diesel engines, so they need a comparable
definition that would apply to light- duty and medium-duty diesel vehicles. Thus, ARB
staff is proposing to modify the language to allow manufacturers to use the definition of
“calculated load value” that was recently amended in SAE J1979 for diesel vehicles.

The OBD Il regulation currently allows manufacturers to erase a confirmed fault code if
the identified malfunction has not been again detected in at least 40 engine warm-up
cycles and the MIL is presently not illuminated for that malfunction. The regulation
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currently defines “warm-up cycle” as “sufficient vehicle operation such that the coolant
temperature has risen by at least 40 degrees Fahrenheit from engine starting and
reaches a minimum temperature of at least 160 degrees Fahrenheit (140 degrees
Fahrenheit for applications with diesel engines).” Manufacturers have expressed
concern that certain vehicles such as hybrid vehicles or vehicles with highly efficient
engines may not be able to meet these temperature criteria under normal driving and
ambient conditions. Thus, manufacturers have requested language that aliows
manufacturers to use an alternate minimum temperature criterion. Staff understands
that some allowances should be made for such vehicles that are unable to warm-up the
engine coolant temperature to the defined temperatures even if it has been sufficiently
driven. Thus, staff is proposing to allow manufacturers the option to define a “warm-up
cycle” as a driving cycle in which the criteria to erase a permanent fault code for
continuous monitors are met (sections 1968.2(d)(2.5.2)(B)iii)a., b. and c¢.). This would
ensure that the vehicle has been operated for a sufficient period of time to reasonably
detect a recurrence of the malfunction but does not delay erasure of confirmed fault
codes.

Staff is proposing changes to the permanent fauit code erasure requirements and the
in-use monitor performance requirements that would apply to hybrid vehicles, details of
which are described below. Given the context of the proposed changes, new definitions
would be needed to complement the proposed requirements. Thus, staff is also
proposing four new definitions for “hybrid vehicle,” “plug-in hybrid electric vehicle,”
“fueled engine operation,” and “propuision system active” to supplement the proposed
changes. More details about the proposed definitions can be found below.

Section 1968.2(d)(2.5): Erasing a Permanent Fault Code

The OBD Ii regulation requires the OBD Il system to store a “permanent” fault code for
an emission-related fault in non-volatile memary that can only be erased if the monitor
responsible for setting that fault code has run and passed enough times to confirm that
the fault is no longer present. Currently, the regulatory language (section
1968.2(d)(2.5.1)) states that the permanent fault code can be erased “only if the OBD Il
system itself determines that the malfunction that caused the permanent fault code to
be stored is no longer present and is not commanding the MIL on, pursuant to the
requirements of section (d)(2.3) (which for purposes of this section shall apply to all
monitors).” Manufacturers have expressed confusion about the exact timing of erasing
the permanent fault code. Thus, staff is proposing to clarify the requirement by adding
language indicating that erasure of the permanent fault code shall occur in conjunction
with extinguishing the MIL or no iater than the start of the first driving cycle that begins
with the MIL commanded off.

Additionally, staff is proposing changes to address issues concerning permanent fault
code erasure on hybrid vehicles for monitors that are designed to run continuously,
including monitors that must wait until similar conditions are satisfied (e.g., gasoline
misfire and fuel system monitors). Currently, the regulation requires that the permanent
fault code for these monitors be erased only after the vehicle has been operated such
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that, among other conditions, criteria similar to those for a general denominator (section
1968.2(d)(4.3.2)(B)) have been satisfied on a singie driving cycle (with the exception
that the general denocminator conditions require ambient temperature above 20 degrees
Fahrenheit or below 8000 feet in elevation). This ensures that the vehicle has been
operated for a sufficient period of time to reasonably detect a recurrence of the
malfunction but does not unnecessarily delay erasure of the permanent fault code.
Among these conditions is the criterion that the “cumulative time since engine start” be
greater than or equal to 600 seconds. Manufacturers have indicated that changes are
needed to account for the fact that hybrid vehicles, especially plug-in hybrids, may
encounter a significant number of driving cycles where the engine starts very late (if at
all) in a typical drive cycle and the cumulative amount of engine runtime is limited.
Thus, for hybrid vehicles, staff is propaosing to clarify that manufacturers should use 600
cumulative seconds of “propulsion system active” time in lieu of the 600 cumulative
seconds after engine start, with “propulsion system active” defined as when the vehicle
is operated, regardless of whether it is powered by the battery or the engine or both.
Staff believes this new definition would ensure equivalent vehicle operation time
between conventional vehicles and hybrid vehicles. Further, the new language is
consistent with how manufacturers have been implementing such counters to date on
hybrid vehicles but the clarifications will provide more guidance especially to those that
have not yet certified hybrid vehicles.

Secfions 1968.2(d)(3.2). (d)(4.3.2), and (d)(5.5) and Section 1968.5. In-Use Monitor
Performance Specifications

The OBD Il regulation requires manufacturers to track monitor performance by counting
the number of monitoring events and the number of driving events. The number of
monitoring events is defined as the numerator and the number of driving events is
defined as the denominator. The ratio of these two numbers is referred to as the
monitoring frequency and provides an indication of how often the monitor is operating
relative to vehicle operation. The regulation also requires all vehicles to keep track of a
“general denominator”, which is a measure of how often the vehicle is operated. The
regulation requires manufacturer to increment this denominator only if certain criteria
are satisfied on a single driving cycle. This method allows very short trips or trips during
extreme conditions such as very cold temperatures or very high altitude to be filtered
out and excluded from the count. This is appropriate because these are also conditions
where most OBD |l monitors are neither expected nor required to operate.

The regulation currently requires all vehicles to increment the general denominator if,
among other conditions, the “cumulative time since engine start” is greater than or equal
to 600 seconds. For the same reasons noted above, hybrid vehicles, especially plug-in
hybrids, need an alternate definition to recognize trips where the engine does not start
or starts much later in the trip. Manufacturers are concerned that with the current
regulatory language, the general denominator will increment more often than it should
compared to how often the monitors will have had a chance to run in-use (i.e., how long
the engine will actually be turned on) and are concerned that the resulting ratios will not
be able to meet the minimum required ratios. They further argued that this may force




them to increase engine operation just to run the monitors to meet the required ratios,
which would reduce vehicle efficiency and basically reduce the advantages of the plug-
in capability. Staff agrees that some changes are needed to account for these issues.
Thus, similar to the changes proposed above for the permanent fault code erasure
protocol, for hybrid vehicles, staff is proposing to clarify that manufacturers must use
600 cumulative seconds of “propulsion system active” time in lieu of the 600 cumulative
seconds after engine start when incrementing the general denominator. Additionally,
staff is also proposing to require 10 seconds of “fueled engine operation” to be met in
order to increment the general denominator to discern between trips with and without
engine operation. This condition would ensure that only trips where the engine has at
least turned on once during the driving cycle are counted when looking at how often
engine-related emission control component monitors are running. These proposed
changes would apply to 2014 and subsequent model year hybrid vehicles.

Additionally, manufacturers indicated changes are needed to the denominator
incrementing criteria for evaporative system monitors. Unlike tailpipe emissions where
the engine has to operate in arder for emissions to occur, evaporative emissions such
as gasoline vapor escaping from the gasoline tank to the atmosphere can occur from a
vehicle while it is parked or being operated off of battery power. Accordingly, the
evaporative system monitors need to work, regardless of how often the engine is
actually started or used on the vehicle. The regulation currently requires the
evaporative system monitor denominator to be incremented only on trips that meet a
‘cold start’ definition (i.e., if the engine coolant temperature (ECT) and the ambient
temperature are considered cold and the ECT at engine start is less than or equal to
12 degrees Fahrenheit higher than ambient temperature at start). The criteria were set
to ensure that the vehicle has had a long enough soak period such that the evaporative
system (fuel tank, canister, etc.) will have cooled down and stabilized by the beginning
of the driving cycle and it wouid be technically feasible to run a robust evaporative
system monitor.

While this current ‘cold start’ definition works adequately for conventional vehicles and
traditional hybrids, manufacturers have argued that plug-in hybrid electric vehicles will
have some driving cycles that are all-electric and that the definition does not address
such conditions. Specifically, the existing definition could result in multiple increments
of the evaporative system monitor denominator after short all-electric drive trips even
though the evaporative system is no longer at a stabilized condition because ECT will
still be within the cold start-defined window relative to ambient temperature. Staff
agrees that changes are needed to avoid these issues and is proposing alternative
criteria for plug-in electric hybrid vehicles that would better ensure a long soak period
similar to that on conventional vehicles and traditional hybrids. Specifically, for 2015
and subsequent model year plug-in hybrid electric vehicles, staff is proposing that the
denominator be incremented when the soak period immediately preceding the driving
cycle is greater than or equal to 6 hours in lieu of requiring the ECT at engine start to be
less than or equal to 12 degrees Fahrenheit higher than ambient temperature at start.
For example, a conventional car would first iook at ECT and ambient temperature at
engine start, make sure they agree with each other to confirm it is a cold start of the
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vehicle, make sure ambient temperature is within acceptable ranges, and then look for
the drive cycle to meet the rest of the criteria to count as an evaporative system
denominator trip. Plug-in hybrids, however, would instead first look at the amount of
time the vehicle has been offnot operated when the vehicle is first started, make sure
that it has been at least 8 hours since the previous vehicle trip to confirm it is a cold start
of the vehicle, and then make sure the ambient temperature is within range and that the
drive cycle meets the rest of the criteria to count as an evaporative system denominator
trip. For additional flexibility to manufacturers, plug-in hybrid electric vehicles built prior
to the 2015 model year would have the option of using these new criteria or the existing
criteria to increment the evaporative system monitor denominator.

Manufacturers have also argued that a smaller minimum required ratio is needed to
account for the limited engine operation time for plug-in hybrid vehicles and to allow
them to maximize electric operation/minimize CO, emissions. While staff believes some
relief is needed with respect to the ratio, staff believes a smaller ratio is only needed for
the interim years considering the proposed revisions to the denominator criteria above
would already provide substantial relief in meeting the in-use performance ratio
requirements relative to conventional vehicles. Thus, staff is proposing that for monitors
of components or systems that require engine operation on plug-in hybrid electric
vehicles, manufacturers would be required to meet a minimum ratio of 0.100 in lieu of
the current higher ratios (e.g., 0.336 for most monitors) through the 2016 model year.
This would allow manufacturers to run menitors less frequently on plug-in hybrids and
still be considered compliant. Starting with the 2017 model year, the interim relief would
end and these monitors would be required to meet the higher minimum ratios currently
required in the regulation. However, staff will also plan to revisit this requirement once
plug-in hybrid electric vehicles are in-use and data are available to better strike a
balance between monitoring frequency (to detect emission faults in a timely manner)
and reduced engine operation (and the resultant CO; emissions). Staff is also
accordingly proposing changes in the OBD Il enforcement regulaticn (Cal. Code Regs.,
titte 13 section 1968.5) to account for the newly proposed ratio when determining OBD
I} non-compliances for plug-in hybrid electric vehicles.

Lastly, staff is proposing changes to the ignition cycle counter requirements for hybrid
vehicles and plug-in hybrid electric vehicles. Currently, manufacturers are required to
track and report an ignitiocn cycle counter, which is required to be incremented every
time the vehicle is started (i.e., “engine start” is met). This is basically a counter of the
number of driving cycles experienced by the vehicle. First, staff is proposing to modify
the incrementing criteria for hybrid vehicles — specifically, staff is proposing to clarify
that manufacturers increment the ignition cycle counter when the “propulsion system
active” definition is met (e.g., each time the vehicle is operated, without respect to
whether the engine is started or used). This is consistent with how hybrid
manufacturers have been tracking this counter to date. Second, staff is proposing that
2014 and subsequent model year plug-in hybrid electric vehicles track and report an
additional, separate ignition cycle counter that would be incremented when the “fueled
engine operation” definition has been met (e.g., each time the vehicle is operated and
the engine is started at least once). These data would provide valuable information




about how often all-electric driving cycles accur in-use for plug-in hybrid electric
vehicles, which would help staff determine if further changes are needed to the in-use
monitor performance requirements, including the required minimum acceptable in-use
performance ratios, for these vehicles.

Staff is also proposing changes to the denominator incrementing criteria for particulate
matter (PM) sensor and PM sensor heater monitors. These proposed changes are
discussed in more detail below in the “Diesel PM Filter Monitoring” section.

Section 1968.2(e)(3.3): Gasoline Misfire Monitoring

The OBD 1! regulation currently requires manufacturers to continuously monitor for
misfire faults from no later than the end of the second crankshaft revolution after engine
start. The lanhguage, however, does not specifically address engines that employ
engine shutoff strategies (e.g., hybrid vehicles that shut off the engine at idle) and can
restart the engine multiple times within the same driving cycle. Additionally, the term
‘engine start” is currently being used in the OBD Il regulation for many requirements
with the intent that “engine start” signifies the start of vehicle operation, which may or
may not involve the engine actually being started in a hybrid vehicle. Since more time is
needed to determine appropriate industry-wide conditions to require misfire monitoring
after the engine is first started and subsequently restarted, staff is, in the meantime
proposing to require manufacturers to propose their own conditions for ARB approval.
As with other similar items in the regulation, the criteria that ARB will use to approve
such requests are identified in the regulation and, in this specific case, are primarily
based on the equivalence of the manufacturer-proposed conditions compared to the
current requirements to enable as soon as technically possible, which is typically within
two crankshaft revolutions of engine starting.

Section 1968.2(f}(1.2.3)(B): Diesel Non-Methane Hydrocarbon (NMHC} Converting
Catalyst Monitoring

The OBD Il regulation requires manufacturers to monitor the NMHC catalyst for its
NMHC conversion capability and for its ability to perform other emission-related
functions. One such function is the ability of the catalyst to generate a desired feedgas
(e.g., nitrogen dioxide (NO,)) to promote better performance in a downstream
aftertreatment component (e.g., for higher NOx conversion efficiency in a selective
catalytic reduction (SCR) system). Currently, the regulation requires 2010 and
subsequent model year light-duty vehicles and 2013 and subsequent model year
medium-duty vehicles to meet this requirement. Manufacturers have asked ARB to
delay the start date to meet this requirement in part because their original plans to
comply were based on using monitors for the NMHC conversion efficiency of the NMHC
catalyst and/or NOx conversion efficiency of the SCR system and such approaches
were not uniformly successful. This resulted in manufacturers having to investigate
alternative monitoring strategies and consequently indicating they need more time to
verify these strategies. While staff believes it is feasible to develop a monitor to meet
this requirement, staff acknowledges that more time is needed to develop a robust
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monitor to meet this. requirement. Thus, staff is proposing to delay monitoring of proper
feedgas generation until the 2015 model year for light-duty and medium-duty vehicles.
Considering this proposed delay is for a secondary function of the NMHC catalyst, staff
determined this delay would not result in any lost emission benefits.

Sections 1968.2(d)(4.3.2), (N(9.2.4). (N(17.1). and (k): Diesel PM Filter Monitoring

The OBD Il regulation currently requires the OBD Il system to identify malfunctions of
the PM filter when the filtering capability degrades to a level such that tailpipe emissions
exceed a specific threshold. For 2013 and subsequent model year light-duty vehicles,
the threshold is 1.75 times the applicable standards, and for 2013 and subsequent
model year medium-duty vehicles, the PM threshold is 0.03 g/bhp-hr (approximately

3 times the applicable standards). Manufacturers have expressed concern that the
thresholds are too stringent and not technically feasible for the 2013 model year time
frame, contending that the current status of technology (e.g., the usage of differential
pressure sensors) cannot support such thresholds.

In order to achieve the thresholds, manufacturers believe PM sensors are necessary,
and while PM sensor suppliers have been rapidly developing and refining their products,
only some of the vehicle and engine manufacturers are able to introduce such sensors
on their 2013 model year products. In some cases, the manufacturers have indicated
that the sensor suppliers have selected only certain manufacturers to work with on a
limited introduction to continue to test out the sensor before wide-scale implementation,
while others have indicated that they have run into issues that need to be resolved by
both them and the supplier before the sensors are production ready. Thus,
manufacturers have asked ARB to delay the start date of the 2013 thresholds of 1.75
times the standards to a later model year.

ARB staff agrees that PM sensors do not appear to be available to meet wide-scale
demand in 2013 and understands that relief is needed based on discussions with
manufacturers about their progress in meeting the monitoring requirements. However,
staff believes more discussions are needed to determine when the appropriate start
date should be. In the meantime, staff is proposing to allow light-duty and medium-duty
diesel manufacturers that do not successfully introduce a PM sensor in the 2013 model
year to extend the deficiency allowance for the PM filter performance monitor so that all
2013 model year products can be certified (albeit with a deficiency). Concurrently, staff
is proposing necessary associated changes to extend the allowance to exclude
detection of specific failure modes for PM filter monitoring (section {f}(17.1)) through the
2013 model year. This allowance recognizes one of the issues that monitoring
techniques that do not use a PM sensor may have with respect to detecting failures
such as a partially melted and partially cracked substrate that theoretically have
offsetting impacts on the detectable parameter (e.g., differential pressure across the
filter). Considering the delay is only one additional year, staff determined this delay
would not result in any lost emission benefits.




Additionally, staff is proposing amendments that would apply to those manufacturers
that do implement PM sensors on their 2013 and/or 2014 model year vehicles. The
OBD Il requirements are often technology forcing and PM filter monitoring is definitely
one such requirement. Many believe that PM sensors wili be the oniy viable way to
meet the final monitoring thresholds and staff wants to continue to encourage those
manufacturers that aggressively push forward to implement such technologies.
Considering these sensors are new technology that haven’t been used in the field,
some of the manufacturers that are still on track to implement such technology for the
2013 and/or 2014 model year expressed concern about meeting the regulation should
something not work out as well as expected with the sensor. Specifically,
manufacturers are worried about the PM filter monitor that the sensor is intended to be
used for as well as monitoring of the sensor itself. Thus, manufacturers have indicated
that they may not incorporate PM sensors if changes weren't made to the regulation
that would reduce the risks should something fall short, especially given the costs of
being one of the first to incorporate such sensors. Accordingly, staff is proposing
additional changes that would apply only to those that do implement a PM sensor in the
2013 andfor 2014 model year to help achieve a balance that continues to encourage
early implementation by removing some of the risk to manufacturers should something
fall short of the current requirements. Specifically, for the 2013 and 2014 model years,
staff is proposing to allow these light-duty and medium-duty diesel manufacturers to
certify their vehicles with “free” deficiencies (i.e., deficiencies that would not be subject
to fines) for the PM filter performance monitor and PM sensor and sensor heater
monitors. Further, staff is also proposing amendments to the in-use monitor
performance requirements for PM sensor and PM sensor heater monitors. The OBD Il
regulation currently requires the PM sensor monitoring capability monitor (section
1968.2(f)(5.2.2)(D)) and the PM sensor heater monitor (section 1968.2(f)(5.2.4)(A)) to
use the general denominator as the monitor denominators. PM sensors, like PM filters,
may be regenerated infrequently in-use, which may make frequent monitoring difficult.
Manufacturers are concerned that using the general denominator may result in the
denominator incrementing more often than is appropriate for the sensor technology and
how it is used. Thus, staff is proposing to allow manufacturers to propose alternate
criteria (for ARB review and approval) to increment the denominator for PM sensor
monitoring capability monitors. For PM sensor heater monitors, staff is proposing to
require manufacturers to increment the denominator when, in addition to the general
denominator criteria, the heater has been commanded to function on two or more
occasions for greater than two seconds or for a cumulative time greater than or equal to
ten seconds.

The OBD Il regulation also requires manufacturers to monitor the NMHC conversion
capability of catalyzed PM fiiters. Currently, the regulation requires 2010 and
subsequent model year light-duty vehicles and 2013 and subsequent model year
medium-duty vehicles to meet this requirement. Similar to the discussion above
regarding monitoring a secondary function of NMHC converting catalysts (e.g., their
ability to generate a proper feedgas for SCR catalysts), the catalyzed coating of a PM
filter has secondary functions that have an emission impact. These functions can
include promotion of passive regeneration at lower exhaust temperatures, conversion of



HC and carbon monoxide created during an active regeneration, and generation of NO;
feedgas for downstream SCR systems. Manufacturers, however, have argued that
many of these functions are just side effects that directionally help, but are not
necessary to comply with the emission standards. They further indicated that there are
currently no suitable robust monitoring strategies available to discern the proper
operation of these secondary functions. Thus, manufacturers have asked ARB to delay
the start date to meet this requirement.

As discussed in the 2009 HD OBD and OBD Il Staff Report, ARB staff believes that
such secondary functions are not trivial and warrant monitoring to ensure overall
effectiveness of the emission control system. Staff proposed several possibilities for
monitoring strategies in the last Staff Report and manufacturers have not investigated
all of the possibilities for monitoring at this point. The success of the monitoring
approaches may still be highly dependent on the actual catalyst configuration,
significance of the catalyst ioading on the PM filter, and regeneration strategy
(especially reliance on high levels of passive regeneration) and thus require
manufacturers to take OBD monitoring capability into consideration when designing and
implementing the aftertreatment system and control strategy. However, recognizing
that the OBD engineers have often been left out of the design process due to the rapid
deployment of new technologies and increasingly stringent standards, staff is proposing
to delay the monitoring requirements of the catalyst function of catalyzed PM filters until
the 2015 model year for light-duty and medium-duty vehicles to give manufacturers
more time to refine their systems, optimize regeneration strategies, and better
investigate the impacts of the catalyzed PM filter. Given the minimal delay, the smaller
impact of these secondary functions of the emission controls, and the continued
presence of other monitors of these emission controls (albeit it not for these specific
functions), staff determined this delay would not result in any lost emission benefits.

Section 1968.2(f)(15.2.2)(F): Fuel Control System Component Monitoring

The OBD Il regulation currently requires manufacturers to monitor fuel control system
components (e.g., injectors, fuel pumps) that have tolerance compensation features
implemented in hardware or software during production or repair procedures on 2013
and subsequent model year diesel vehicles. Examples of these include individually
coded injector-to-injector tolerances and fuel pumps that use in-line resistors to correct
differences in fuel pump volume output. Monitoring of the compaonents would ensure
that misassembled systems, erroneous programming, or incomplete repair procedures
that result in incorrect adjustment being applied (and consequently, increases in
emission levels) will be detected. Manufacturers, however, have guestioned the need
to monitor this feature and have expressed concern about meeting this requirement in
.the 2013 timeframe. Manufacturers have indicated they have been working hard on
improvements to their fuel system adaptive strategies to fully compensate or learn out
any errors that may occur due to mismatches in the injector and the programmed
tolerancefadjustment. This would allow manufacturers to avoid adding new hardware,
such as a communication chip in the injector that would automatically communicate its
characteristics to the engine computer, and avoid other alternatives such as tighter
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tolerances on the injectors to meet this requirement. However, most are not currently
able to fully achieve this. In some cases, the improved strategies can learn out most,
but not alt, of the error; in other cases, the learning can take a substantially long time.
Staff believes that more lead time is necessary for manufacturers to fully refine their
strategies. Thus, staff is proposing to delay the monitoring requirement of this feature
until the 2015 modet! year for light-duty and medium-duty diesel vehicles. Given the
minimail delay and that manufacturers will continue to improve and implement the
strategies even during the delay years, staff determined this delay would not result in
any lost emission benefits.

Section 1968.2(q)(1): Reference Documents

Staff is proposing amendments that would incorporate another reference SAE
document. As is common practice with technical standards, industry periodically
updates the standards to add specification or clarity. The current OBD Il regulation
incorporates the May 2007 version of SAE J1979 “E/E Diagnostic Test Modes”. The
proposal would update the regulation to incorporate a newly published sub-document of
SAE J1979, the October 2011 version of SAE J1979-DA “Digital Annex of E/E
Diagnostic Test Modes”*. This document contains some clarifications and
modifications to the standardized data that must be reported by OBD |l systems and is
needed to properly implement some of the proposed changes on 2013 and subsequent
model year vehicles.

Section 1968.2(q)(4.2): Data Stream

An important aspect of OBD Il is the abitity of technicians to access critical information
from the on-board computer in order to diagnose and repair emission-related
malfunctions. ARB believes there are certain emission critical components and systems
for which electronic information access through the data link connection would provide
invaluable assistance in properly repairing vehicles. The availability of real-time
information would also greatly assist technicians in responding to driveability complaints
because the vehicle could be operated under the problem conditions and the technician
woulid be able to know how various sensors and systems were acting at that time. Fuel
use complaints, loss of performance complaints, intermittent problems, and others could
also be potentially addressed.

The OBD Il regulation currently defines a number of data parameters that
manufacturers are required to report to generic scan tools, including some parameters
(mostly diesel-related) that must be reported starting in the 2013 model year. While in
virtually every case, staff worked with SAE to ensure that the applicable SAE standards
are updated well before they become required, in this particular instance, one
parameter went through recent revisions as the manufacturers got further clarification

" For organizational purposes, the SAE J1979 document that previously contained both the text
descriptions of how to implement standardized data and tables of the actual standardized data has been
split into two subparts. The second of those, called the Digital Annex, has what was previously contained
in the tables and is what is being updated and incorporated by reference here.
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on how the parameter would be used. Specifically, for the data stream parameter “type
of fuel currently being used”, which is currently required on all 2013 and subsequent
model year vehicles, the staff is proposing to delay the requirement until the 2015 model
year to allow manufacturers time to implement the latest revisions of the format for this
parameter and address interpretations by some manufacturers that this parameter was
only required on flex fuel vehicles.

Additionally, the current regulation mistakenly lists “PM sensor output” as being required
starting in both the 2010 model year and the 2013 model year. Therefore, staff is
proposing to delete the reference to “PM sensor output” under the 2013 and subsequent
model year language (section 1968.2(g)(4.2.6)(B)).

3. COST ANALYSIS

Most of the proposed amendments would either relax or clarify the current requirements
in the OBD Il regulation. Thus, the technological feasibility of the proposed
amendments has already been determined and discussed above and in the staff reports
for the previous OBD Il rulemakings. A few other proposed changes that would be
considered new requirements would consist of only minor software changes and are
both being requested by industry and consistent with how industry has been
implementing cr planning for implementation.

Considering most of the proposed amendments are intended to either relax or clarify the
current requirements, the proposed amendments are also not expected to add any
additional cost to manufacturers. For proposed changes that would be considered new
requirements, these changes would consist of only software changes, and staff is
proposing enough lead time for manufacturers to meet these requirements. Further,
specific to the proposed new requirement changes, the existing requirements cannot be
implemented without software changes for plug-in hybrids, so manufacturers are not
incurring any extra cost to make that change consistent with the proposed
requirements. Thus, the costs associated with these changes are considered
negligible. Accordingly, the proposed amendments are not expected to alter the
previously calculated emissions bengefits or cost effectiveness values.
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lll.  CALIFORNIA'S LIGHT-DUTY GREENHOUSE GAS REGULATIONS

Section Il reports on the ARB staff assessment of climate change science and the
proposed regulations for reducing climate change-related impacts from light-duty
vehicles. The section is organized as follows. Section A.1 presents an overview of the
climate change science that has provided the basis for a broad suite of policies in
California to mitigate the risks of anthropogenic climate change via the reduction of
greenhouse gas (GHG) emissions from major sources in the State. The foliowing
sections describe the logic, technical basis, and regulatory details for the proposed
GHG standards for light duty vehicles. Section A.2 provides some context for the
proposed standards with respect to the federal standards; section A.3 summarizes the
proposed regulations; section A 4 provides the technical feasibility basis for reducing
light-duty vehicle GHG emissions; and section A.5 describes the proposed GHG
standards.

A. PROPOSED AMENDMENTS TO CALIFORNIA'S LIGHT-DUTY GREENHOUSE
GAS EMISSION STANDARDS

1. CLIMATE CHANGE OVERVIEW

The Earth's climate has always changed; the palec-record of the last million years
shows large changes with the growth and retreat of the great ice sheets over the
continents. Nevertheless, over the past century the northern hemisphere has warmed
at a rate faster than at any other time over the last millennium, and that change is
because human activities are altering the chemical composition of the atmosphere
through the buildup of GHGs, primarily CO,, CH4, N;O, and HFCs. These gases play a
role in the “greenhouse effect”, a natural phenomenon that helps regulate the
temperature of the Earth. Human activities, primarily the burning of fossil fuels and
clearing of forests, have greatly intensified the natural greenhouse effect, causing global
warming. Emissions of GHGs due to human activities have increased globally since
pre-industrial times, with an increase of 70 percent between 1970 and 2004'°.

Though COs is the single most important anthropogenic GHG, non-CO; anthropogenic
GHGs, such as CH4, N;O, and HFCs, play a significant role in the Earth’s energy
balance. Hence, control of non-CO, GHGs is a critical component of climate change
mitigation efforts, and particutarly in the near term these reductions can complement
early efforts to control CO,. Climate change can also be affected by the increase of
ozone levels in the troposphere. Ozone is produced by photochemical reactions. Its
precursor components are primarily the result of fossil fuel combustion. Unlike many of
the ather GHGs, ozone is a short-lived gas that is found in regionally varying
concentrations. Nevertheless, it is a strong GHG and its global mean concentration has
increased by about 35% since the pre-industrial times, with some regions experiencing
larger and some with smaller increases.

" IPCC. (2007a). Climate Change 2007. Synthesis Report. Contribution of Working Groups I, If and il to the Fourth
Assessment Repaort of the Intergovemmental Panel on Climate Change. Cambridge University Press.

hilp:/fwww.ipcc chi/pdf/assessment-report/ard/syriard syr.pdf .
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The large interest in airborne particles and their radiative impact is derived in part from
the Intergovernmental Panel on Climate Change (IPCC)’s assertion that human-caused
climate change has resulted primarily from changes in the amounts of GHGs in the
atmosphere, but also from changes in small particles. Major components of fine
particles such as sulfate, nitrate, organic carbon, dust, and sea salts have reflective
properties that scatter radiation (negative radiative forcing or cooling impact). Of the
20+ models used in the IPCC 4" assessment report, most included sulfate direct
radiative forcing, but only a fraction considered other aerosol types. The primary
purpose was to establish whether the pattern of warming was altered by including
aerosol-induced cooling in regions of high emissions. Carbonaceous particles (those
that contain organic and black carbon) are particularly important because of their
abundance in the atmosphere, and the characteristics of the carbon vary significantly
depending on their origin. In recent years there has been increased attention in the
particle research community about the potential of black carbon (BC) to cause global
warming. The ability of BC to absorb light energy and its role in key atmospheric
processes link it to a range of climate impacts, including increased temperatures,
accelerated ice and snow melt, and disruptions to precipitation patterns.

The heat-trapping property of GHGs is undisputed. Although there is uncertainty about
exactly how and when the earth’s climate will respond to increasing concentrations of
GHGs, combining observations with climate models indicates that detectable changes
are under way. These observed changes go beyond a global mean rise in temperature,
including alse changes in regional temperature extremes, precipitation, and sea level,
all of which could have significant adverse effects on water resources, ecological
systems, and human health and the economy.

Globail warming is already impacting the Western U.S., particularly California in more
severe ways than the rest of the country. The 2010 Climate Action Team (CAT) report
concluded that climate change will affect virtually every sector of the state’s economy
and most of our ecosystems. Significant impacts will likely occur even under moderate
scenarios of increasing global GHG emissions and associated climate change.
Compared to the rest of the country, California is particularly vulnerable to significant
resource and economic impacts from at least three effects of climate change. First, as
sea level rise and coastal erosion and flooding increase, California {with its long
coastline) will experience loss of, and damage to, coastal property, infrastructure,
recreational beaches, wildlife habitat, and coastal water supplies. Second, California
relies on its snowpack for water supply and storage, and this resource is predicted to
decrease substantiially this century. Third, California’s urban, suburban, and rural areas
are highly impacted by wildfires in ways most of the country simply does not face, and
climate change will increase the incidence and severity of wildfires and resulting air
quality and economic impacts. In addition, California is a major contributor to the

16

' Climate Action Team (CAT 2010) Report to the Governor and Legislature; available at
htto-/fwww . energy.ca.qav/2010publications/CAT-1000-2010-004/CAT-1000-2010-004.PDF
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nation’s food supply; increasing droughts and higher temperatures put this production at
risk.

After considering both observed and projected future effects of climate change
(including key uncertainties, and the full range of risks and impacts to public health and
welfare occurring within the State), the evidence points to the conclusion that climate
change is already occurring at levels that harm our health and welfare, and that the
effects wiil only worsen over time in the absence of regulatory action. California's
transportation sector is the single largest contributor of GHGs in the State, producing
close to 40% of all such emissions. On State highways in the coming decades, vehicle
miles traveled are expected to continue to outstrip population growth under “busingss as
usual” scenarios. Longer commute distances also have contributed to increases in
vehicle miles traveled, while congestion has continued to increase; both factors
contribute to GHG emissions. These trends indicate that if action is not taken that
achieves significant long-term emission reductions, climate change will continue and its
effects will worsen.

This chapter first presents the causes and projections for climate change (Section
[ILA.1.1). The chapter then discusses climate change pollutants (Section 11l.A.1.2),
definition of global warming potentials used in the proposed regulation (Section
I1.A.1.3), indicators of climate change in California (Section 111.A.1.4), and potential
impacts of climate change on California (Section [1l.A.1.5). The chapter concludes with
a brief discussion of abrupt climate change (Section 111.A.1.6).

" 1.1.  Climate Change Causes and Projections

Climate change is a shift in the "average weather" that a given region experiences. This
is measured by changes in the features that we associate with weather, such as
temperature, wind patterns, precipitation, and storms. Global climate change means
change in the climate of the Earth as a whole. Giobal climate change can occur
naturally; an ice age (due to variations in the Earth's orbit and inclination toward the sun
that cause cyclical variations in solar energy received by the Earth) is an example of
naturally occurring climate change. The Earth's natural climate has always been, and
still is, constantly changing. The climate change we are seeing today, however, differs
from previous climate change in both its rate and its magnitude.

The temperature on Earth is regulated by a system commonly known as the
“‘greenhouse effect". Naturalty occurring GHGs, primarily water vapor, CO;, CH,, and
N»O, absorb heat radiated from the Earth's surface. As the atmosphere warms, it in turn
radiates heat back to the surface, to create what is commonly called the "greenhouse
effect”. The Earth's surface temperature would be about 34°C (681°F) colder than it is
now if it were not for the natural heat trapping effect of GHGs. Water vapor is the most
abundant and important of these naturally occurring GHGs. In addition to its direct
effect as a GHG, clouds formed from atmospheric water vapor also affect the heat
balance of the Earth by reflecting sunlight (a cooling effect), and trapping infrared
-radiation (a heating effect). Human activities add and subtract water vapor to and from
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the atmosphere; however, these amounts are insignificant compared to the water
moved by natural processes.

Fluctuations in levels of natural GHGs have been measured over the past 650,000
years. However, there are several reasons for attributing the rise in GHGs over the past
250 years to human activity rather than to naturally occurring climatic changes. The
IPCC 4™ assessment report (2007b)'” confirms that over the past 8,000 years, prior to
industrialization in 1750 , CO; concentration in the atmosphere increased by a mere 20
parts per million (ppm). The concentration of atmospheric CO» in 1750 was 280 ppm,
and increased to 379 ppm in 2005. That is an enormous increase of 100 ppm in 250
years. For comparison, at the end of the most recent ice age there was approximately
an 80 ppm rise in CO; concentration. This rise took over 5,000 years. Higher values
than what we see today have only occurred many millions of years ago.

Human activities are exerting a major and growing influence on some of the key factors
that govern climate by changing the composition of the atmosphere and by modifying
the land surface. The human impact on these factors is clear. This increase has
resulted from the burning of coal, oil, and natural gas, and the destruction of forests
around the world to provide space for agriculture and other human activities. Rising
concentrations of CO; and other GHGs are intensifying the Earth’s natural greenhouse
effect.

In its most recent assessment on climate change, the IPCC provided an estimate of
global GHG emissions and projections of surface temperatures from 2000 to 2100
under six likely scenarios. Each scenario reflects a particular path for human society to
grow. The main hypotheses concerning demography, agricultural practices, technology
spreading, etc. are turned - through simple models - into projections about energy
consumption, food preduction, and the corresponding GHG emissions. The IPCC
report'® projects an increase of global GHG emissions by 25% to 90% (CO,e) between
2000 and 2030 (see Figure lll-A-1-1 below taken from IPCC 2007 synthesis report), with
fossil fuels maintaining their dominant position in the global energy mix to 2030 and
beyond. Including uncertainties in future GHG concentrations and climate modeling, the
IPCC anticipates a warming of 1.1 C to 6.4 C (2.0°F to 11.5°F) by the end of the 21%
century.

7 IPCC. (2007b). Technical Summary: Climate Change 2007: The Physical Science Basis, Contribution of Working
Group | to the Fourthh Assessment Report of the Intergovemmental Panel on Climate Change. Cambridge University
Press. htips:/iwww.ipcc-wg1.unibe ch/publications/we1-ard/ar4-wqg 1-ts.pdf

¥ 1pCe (2000), Special Report on Emissions Scenarios (SRES), available at http://www.ipcc.ch/pdf/special-
reports/spm/sres-en.pdf
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Figure Ill-A-1-1. Global GHG emission and temperature projections under different GHG
emissions scenarios (taken from IPCC 2007¢ '%)
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All emissions scenarios result in an increase in the atmospheric concentration of CO,.
For the six illustrative scenarios, the projected concentrations of CO; in the year 2100
range from 560 to 970 ppm, compared to about 280 ppm in the pre-industrial era and
about 388 ppm in the year 2010. Every scenario imagines a world in which no explicit
action is taken to combat GHG emissions. In the lowest-emission scenario, B1, it is
assumed that technical and societal developments lead to a reduction in the use of
fossil fuels. In this case, CO; levels are expected to continue rising, but to stabilize at a
level that is roughly twice the pre-industrial level. Most analysts suggest that a doubling
of GHG concentrations from pre-industrial levels will increase global temperatures about
3°C from pre-industrial levels, although many studies suggest the climate could be even
more sensitive to a doubling of CO, concentrations.

Substantial scientific evidence indicates that an increase in the global average
temperature of 2°C above pre-industrial levels (about 1.1°C above present levels) poses
severe risks to natural systems and human health and well-being. Stabilizing the CO;
concentrations at or below 450 ppm offers a 50% chance of keeping the global average
temperature from rising more than 2°C, or 3.6°F, above pre-industrial levels. The same
level is believed to result in a 33% chance of temperatures rising more than 3°C.
Therefore, a 450 ppm CO; stabilization target generally represents the upper limit for
the concentration of heat-trapping emissions in global policies that seek to avoid
catastrophic climate change. Recent empirical evidence indicates climate change is
taking place considerably faster than scientists had expected only a decade ago.

- Furthermore, paleoclimatic research indicates that earlier climate change episodes aiso
took place rapidly. If rapid change is occurring, a considerably lower policy target than
4350 ppm is justified. The goal of 350 ppm atmospheric CO3 is supported by the most
up-to-date science.

¥ IPCC (20070), Synthasis report; available at http.//www ipcc.ch/pdf/assessment-report/ard4/syr/ard_syr spm.pdf ).




The concentration of GHGs in the atmosphere is determined by the difference between
the rate of emissions and the rate of uptake by the world’s ecosystems and oceans.
Since the rate of CO, emissions currently exceeds the rate of uptake, halting emissions
is not enough to stop the build-up of atmospheric CO,. Temperatures will continue to
rise long after emissions are reduced and GHG concentrations are stabilized. Hence,
reducing GHG concentrations in the atmosphere to the lowest feasible level is critical to
limiting warming to no more than 2°C. There is considerable uncertainty as to whether
we will reach the 2°C target given the lack of prompt and meaningful global action.

Executive Order S-3-05 established GHG targets for the State such as: returning to year
2000 emission levels by 2010; 1990 levels by 2020; and 80 percent below 1990 levels
by 2050. If the industrialized world were to follow California's lead, it would increase the
likelihood that California and the world would be on track to avoid the more severe
climate change impacts. This estimate of the impact of an 80 percent reduction by the
industrialized world has on global emissions depends crucially on the growth rate and
energy strategies of the developing world.

In the Kyoto Protocoi a number of industrialized countries (the “Annex | Parties”) made
commitments to limit or reduce GHG emissions by 2012. The current internationally-
agreed mitigation targets apply only to industrialized countries and do not extend
beyond 2012. Successfully limiting emissions in order to stabilize atmospheric GHG
concentrations at acceptable levels will require the participation of all major emitting
countries. The “most challenging” mitigation case would stabilize atmospheric
concentrations of CO; at 450 ppm. This is significant because avoiding substantial
temperature change by mid-century is a starting point for achieving more aggressive
long-term targets. The 450 ppm target would make it possible to limit long-term global
mean temperature increases and to avoid some of the most severe risks of climate
change. '

The climate system is highly dynamic: External “forcings” such as anthropogenic GHG
emissions, “reflective” aerosol particles from volcanoes and fossil fuel combustion, and
solar radiation alter the amount of radiation in the Earth’s atmosphere. *Feedbacks”
(such as cloud or ice-albedo feedbacks) amplify or dampen the effect of forcings. While
all climate models project that significant warming will result of rising GHG
concentrations, the amount of warming that will result from anthropogenic GHG
emissions will depend on the intensity of and interactions between these forcings and
feedbacks. The consequences of the warming will depend on the degree and speed of
temperature rise, and the internal dynamics of the climate system—the atmosphere,
oceans, land, ice sheets, and biosphere—and whether or not any non-linear climate
thresholds are reached that result in catastrophic damages (IPCC 2007, Synthesis
Report).

1.2. Climate Change Pollutants

Naturally occurring GHGs include water vapor, carbon dioxide, methane, nitrous oxide,
and ozone (O;). Several classes of halogenated substances that contain fluorine,
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chlerine, or bromine are also GHGs, but they are, for the most part, solely a product of
industrial activities. Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCs) are halocarbons that contain.chlorine, while halocarbons that contain bromine
are referred to as bromoflucrocarbons (i.e., halons).

Because CFCs, HCFCs, and halons are substances which deplete stratospheric ozone,
they are regulated by the Montreal Protocol on Substances that Deplete the Ozone
Layer. The United Nations Framework Convention on Climate Change (UNFCCC)
defers to this earlier international treaty; consequently these gases are not included in
national GHG inventories. However, large quantities of CFCs, halons, and other ozone
depleting substances (ODS) produced prior to phase-out deadlines under the Montreal
Protocol remain legally in use or storage in older equipment, building and appliance
insulation, and other “banks.” ODSs not only contribute to the depletion of the
stratospheric ozone layer, but they are also potent GHGs with global warming potentials
up to thousands of times higher than CO,. Without intervention, most of the banks are
expected to be emitted by 2020 as a result of regular equipment and appliance
turnover. The window for addressing emissions from banks is retatively narrow with
every year lost translating into millions of tons of CO.e emitted.

The Parties to the Montreal Protocol are preparing to take another important step
towards better ozone layer protection and climate change mitigation to promote the
destruction of ODS banks. These proposals seek to recover and destroy ODSs before
they are emitted from existing stockpiles and from discarded products and equipment,
and before they harm the ozone layer and climate system. To reduce statewide GHG
emissions to 1990 levels by 2020, CARB is aiso considering policies to reduce emissions
of high global warming potential gases—including ODS as well as ODS substitutes.

Other fluorine-containing gases—hydroflucrocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SFs)—do not deplete stratospheric ozone but are potent GHGs.
These latter substances are addressed by the UNFCCC and accounted for in State and
national GHG inventcries. GHG concentrations in the atmosphere are a function of
both the emissions of the GHGs and the effective lifetime of these gases. Because it
takes one to two years to mix the emissions of a species throughout the troposphere,
gases that are chemically stable and persist in the atmosphere over time scales of
decades to centuries or longer are referred to in the IPCC as “long-lived” or “well-mixed”
gases.

Each gas has a characteristic lifetime that is a function of the total atmospheric burden
and the removal mechanism (i.e., sinks) for that gas. Each GHG has different
interactions of each gas with the various available sinks, which include chemical
reaction with the hydroxyl (OH) free radical or other highly reactive species, photolysis
by sunlight, dissolution into the oceans, reactions on the surface, biological processes,
or other mechanisms. According to the IPCC (2007), the lifetime of the HFCs of
industrial importance range from 1.4 to 270 years, the lifetime of N,O is 114 years, the
lifetime of CH4 is 12 years, and the lifetime of the PFCs and SFs range from 1,000 to
50,000 years. Carbon dioxide has a very different life cycle compared to the other




GHGs, which have well-defined lifetimes. Instead, unlike the other gases, CO; is not
destroyed by chemical, photolytic, or other reaction mechanisms, but rather the carbon
uptake in CO; cycles between different reservoirs in the atmosphere, ocean, land
vegetation, soils, and sediments.

Historic data show that current atmospheric concentrations of the two most important
directly emitted, long-lived GHGs (CO, and CH,) are well above the natural range of
atmospheric concentrations compared to at least the last 650,000 years. Atmospheric
GHG concentrations have been increasing because anthropogenic emissions have
been outpacing the rate at which GHGs are removed from the atmosphere by natural
processes over timescales of decades to centuries.

The California GHG inventory compiles statewide anthropogenic GHG emissions and
sinks. It includes estimates for CO,, CH4, N;O, SFs, nitrogen trifluoride (NF3), HFCs,
and PFCs. The current inventory covers years 2000 to 2008 (available at
hitp:/iwww.arb.ca.qov/cc/inventory/data/data.htm). (ndividual climate change pollutants
are briefly discussed in the following sections.

Carbon Dioxide (CO,). California's total CO, emissions from fossil fuel combustion in
2008 were 485 million metric tons of CO, equivalent (MMTCOze), and represent about
89% of California’s total GHG emissions. Annual statewide emission inventories
provide the basis for establishing historical emission trends. There are many factors
affecting GHG emissions and year to year changes, including the state of the economy,
changes in demography, improved efficiency, and changes in environmental conditions
such as drought. In 2008, California observed a small decrease in statewide GHG
emissions, driven by a noticeable drop in on-road transportation emissions. 2008 also
reflects the beginning of the economic recession and fuel price spikes.

Despite lower overall GHG emissions in 2008, transportation remained the largest
source with 36% of California’s gross inventory. On-road emissions (from passenger
vehicles and heavy-duty trucks) constitute 93% of the transportation sector total. On-
road emissions grew to a maximum of 171 MMTCO.e in 2005, plateaued until 2007,
and decreased in 2008 to 163 million. The amount of gasoline and diesel fuel
consumed by on-road vehicles followed a similar trend. As the economy recovers,
GHG emissions are likely to rise again without other mitigating actions.

Page 80 —— T



Figure lll-A-1-2. California’s 2008 GHG emissions by Sector
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Methane (CH4): Methane accounted for approximately 5% (29 MMTCQOze) of gross
2008 GHG emissions in California. Methane is produced during anaerobic
decomposition of organic matter in biological systems. Decomposition occurring in
landfills accounts for the majority of anthropogenic CH4 emissions in California and in
the United States as a whole. Agricultural processes such as enteric fermentation,
manure management, and rice cultivation are alse significant sources of CHy in
California. Methane emission levels from a source can vary significantly from one
region to another, depending on many factors such as climate, industrial and
agricultural production characteristics, energy types and usage, and waste management
practices. Results of a study®® indicate that current inventory of CH, emissions from the
Central Valley are underestimated; suggesting that actual CH, emissions could be
about 20-60% higher than California-specific inventory estimates.

Nitrous Oxide (N20): Another gas that contributes to global warming is N20.
Agricultural soil management activities and mobile source fuel combustion compose the
major sources of these emissions. N,O emissions comprised around 3% (14 MMT
CO.e) of California’s overall GHG emissions in 2008. Nitrous oxide emission levels
from a source can also vary significantly from one region to another, depending on
many factors such as industrial and agricultural production characteristics, combustion
technologies, waste management practices, and climate. For example, utilization of
synthetic nitrogen fertilizers in crop production typically results in more N>O emissions
from agricultural soils than that occurring from less intensive, low-tillage techniques.
Also, the presence or absence of control devices on combustion sources, such as

*® Zhao, C., A. E. Andrews, L Bianco, J. Eluszkiewicz, A. Hirsch, C. MacDonald, T. Nehrkorn, and M. L. Fischer
(2009), Atmospheric inverse estimates of methane emissions from Central California, J. Geophys. Res., 114,
D16302, doi:10.1029/2008JD011671.
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catalytic converters on automobiles, can have a significant effect on the level of N,O
emissions from these types of sources. The IPCC provides default emission factors.
Using the IPCC default values as opposed to conducting monitoring programs could
introduce a large degree of uncertainty. Hence; it seems the current estimates of N-O
emissions may be underestimated.

In addition to CO; emissions, light-duty vehicle GHG emissions also include CHy4 and
N-O. Although emissions of these compounds are generally orders of magnitude lower
than emissions of CQO;, the global warming potential of both CH4 and N,O is greater
than that of CO,. As a result, it is important to consider these emissions in determining
the overall GHG impact potential of light-duty vehicles. It is important to recognize,
however, that current vehicles produce and emit substantially less CH4 and N3O than
their older counterparts and it is almost certain that future vehicles will exhibit even
lower emission rates. Existing standards for non-methane organic compounds and NOx-
result in reduced CH, and N,O emissions through the design and implementation of
advanced combustion and catalyst technologies.

Hydrofluorocarbons (HFCs), Perflucrocarbons (PFCs), and Sulfur Hexafluoride (SFg):
HFCs, PFCs and SFg accounted for another 3% of 2008 GHG emissions in California.
HFCs are primarily used as substitutes for ozone-depleting substances regulated under
the Montreal Protocol. PFCs and SFg are generally emitted from various industrial
processes including aluminum smelting, semiconductor manufacturing, electric power
transmission and distribution, and magnesium casting.

For vehicular HFC emissions (particularly HFC-134a), four emission sources, all related
to air conditioning, should be considered: emissions leaking from the hoses, seals, and
system components of vehicle air conditioning system, and emissions that are released
when the air conditioning system is opened for servicing. HFC emissions can also
occur when the vehicle is scrapped at the end of its useful life or due to sudden
releases (e.g., traffic accident refrigerant releases). HFC-134a, commercially known as
R-134a, is presently the vehicle refrigerant of choice among vehicle manufacturers.

Water Vapor (H,0): It should be noted that there's an important difference between
water vapor and other GHGs. Human activities do not seem to be appreciably changing
the atmospheric concentration of water vapor in any direct way on the global average.
Nor does water vapor accumulate in the atmosphere over the multi-year periods that
other GHGs do. Natural processes (e.g., rain) remove water vapor when it reaches
certain limits. Water stays in the atmosphere for a few days, while other GHGs linger
for decades or centuries. The overall impact of water vapor with respect to global
climate change is not well understood as it can lead to both warming (absorption of
long-wave radiation from Earth) and cooling (cloud formation/reflection of solar
radiation).

Other Radiatively Important Species: There are also several gases that do not have a
direct global warming effect but indirectly affect terrestrial and/or solar radiation
absorption by influencing the formation or destruction of GHGs, including tropospheric -
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and stratospheric ozone. These gases include carbon monaoxide {CO), oxides of
nitrogen (NOx), and non-CH, volatile organic compounds (NMVOCs). The sequence of
reactions that removes CQO, NOx, and NMVOCs from the atmosphere, however, tends
to promote the formation of tropospheric ozone (a potent GHG). The reactions that
produce ozone or alter the losses of CH, are strongly affected by the relative
concentrations of various pollutants, the ambient temperature, and local weather
conditions. At present, there is large scientific uncertainty in estimating their radiative
forcing effects. The above listed compounds, regulated in the USEPA and California
pursuant to the Ciean Air Act, are often referred to as “criteria pellutants”. The criteria
pollutants are reactive compounds, and they tend to remain in the atmosphere for a
much shorter time than most other GHGs.

Aerosols, which are extremely small particles or liquid droplets, such as those produced
by sulfur dioxide (SO;) or black carbon (BC) emissions, can also affect the absorptive
characteristics of the atmosphere. Four of the more important aerosols are sulfates,
nitrates, organic carbon, and BC. While some aerosols are directly emitted, others are
formed through secondary reactions (for example, sulfates and nitrates can be formed
by oxidation of SO, and NOx respectively), and their properties can change as they mix
and react in the atmosphere. Aerosols affect radiative forcing in both direct and indirect
ways: directly by scattering and absorbing solar and thermal infrared radiation; and
indirectly by altering the cloud properties and atmospheric heating rates that in turn
modify the formation, precipitation efficiency, and radiative properties of clouds. The
effect of aerosols on regional and global climate is complex: in general, sulfate aerosols
enhance the reflection of sunlight and cool the Earth, while black carbon aerosols
enhance the absorption of sunlight and warm the Earth. Appendix U provides a more
detailed discussion of climate change impacts of black carbon particles.

Black carbon is the light-absorbing carbonaceous fraction of particulate matter (PM) that
results from incomplete combustion of fossil fuels and biomass. In recent years, there
has been increased attention in the particle research community to the potential of BC
to cause global warming. The ability of BC to absorb light energy and its role in key
atmospheric processes link it to a range of climate impacts, including increased
temperatures, accelerated ice and snow melt, and disruptions to precipitation patterns.
It has been proposed that light absorbing particles in the atmosphere act as a
greenhouse pollutant whose net forcing is warming only second to CO;. Ramanathan
and Carmichael®' estimate a BC forcing of 0.9 W/m? or more than half of the 1.6 W/m?
attributed to CO». This estimate of the forcing due to BC is larger than most prior
estimates inciuding those of the IPCC 4" assessment report.

The relatively short atmospheric residence time (only a few weeks) of BC makes
reductions in BC emissions a potential near-term opportunity to postpone the effects of
rising GHG levels on the global climate. Unlike the benefits associated with reductions
in GHG emissions which take decades to be fully realized, reductions in BC emissions
yield immediate improvements. However, a number of issues that may impede policy

*' Ramanathan, V. and Carmichael, G. (2008) Global and regional climate changes due to black carbon. Nature
Geoscience 156, 221-227.
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action include the fact that BC emissions are not covered in the Kyoto Protocol and the
co-emission of BC with cooling poliutants, namely organic carbon, complicates
accounting and development of effective interventions. Additional remaining
uncertainties in BC climate effects (due to its ability to affect clouds) and the lack of an
internationally agreed-upon global warming potential or other metric for BC are current
obstacles towards a uniform policy framework and are likely to be research questions
that should be addressed.

California’s unique emissions and fuel standards for cars, trucks, buses, motorcycles,
and other motor vehicles have dramatically reduced criteria pollutant emissions, as
have controls on non-automotive pollution sources that are administered by the State’s
35 local air pollution control districts. California has achieved these improvements
despite the State’s substantial growth in population, vehicle use, and business activities.

1.3. Global Wa'rming Potentials

Radiative forcing is often defined as a net imbalance in energy flux in the atmosphere,
and is expressed in watts per square meter (W/m?), (i.e., heat per area of the Earth's
surface). Radiative forcing of the surface-troposphere system, resulting, for example,
from a change in GHG concentrations, is the change in the balance between radiation
coming into the atmosphere and radiation going out. A positive radiative forcing tends,
on average, to warm the surface of the Earth, and negative forcing tends, on average,
to cool the surface. The impact of a GHG emission upon the atmosphere is related not
only to radiative properties of the gas and its initial abundance, but also to the length of
time the GHG remains in the atmosphere. Radiative properties control the absorption of
radiation per kilogram of gas present at any instant, but the lifetime of the gas controls
how long an emitted kilogram remains in the atmosphere and hence its cumulative
impact on the atmosphere's thermal budget. The climate system responds to changes
in the thermal budget on time-scales ranging from the order of months to miflennia
depending upon processes within the atmosphere, ocean, and biosphere.

Gases in the atmosphere can contribute to the greenhouse effect both directly and
indirectly. Direct effects occur when the gas itself is a GHG. Indirect radiative forcing
occurs when chemical transformations of the original gas produce other GHGs, when a
gas influences the atmospheric lifetimes of other gases, and/or when a gas affects
atmospheric processes that alter the radiative balance of the Earth (e.g., cloud
formation). The concept of a Global Warming Potential (GWP) has been developed in
parallel to the concept of ozone depletion potential developed under the Montreal
Protocol to compare the ability of each GHG to trap heat in the atmosphere relative to
another gas. CO,, the primary anthropogenic GHG, has been chosen as the reference
gas.

GWP is defined as the ratio of the time-integrated radiative forcing from the release of
1 kilogram of a trace substance relative to that of 1 kg of CO, (IPCC 2007). While any
length of integration can be selected, the 100-year GWPs are recommended by the
IPCC and are employed by ARB for policy-making and reporting purposes.
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GWP values allow a comparison of the impacts of emission changes (reductions or
increases) of different gases. In addition to communicating GHG emissions in units of
mass, we have also chosen to use GWPs to reflect their inventories in CO; equivalent
terms because it effectively places all of the GHGs on the same comparative scale. It
should be noted that when the lifetime of the species in question differs substantially
from the response time of CO; (nominally about 150 years), then the GWP becomes
very sensitive to the choice of time horizon. The GWP concept is only relevant for
compounds that have sufficiently long lifetimes to become globally well-mixed.
Therefore, short-lived gases and aerosols with varying atmospheric distributions and
lifetimes pose a problem in the simpie GWP framework.

Table IlI-A-1-1 lists GWPs for CO,, CH,4, N0, HFCs, PFCs, and SF; for the 20-, 100-,
and 500-year time horizons. Assembly Bill 1493 calls for reductions in GHGs, which are
defined in the bill as CO,, CH4, N-O, HFCs, PFCs, and SFs. The first four of these
identified GHGs are clearly associated with motor vehicle use in California. PFCs and
SFs are not known to be associated with motor vehicle emissions in California and
therefore are not addressed further in the staff report. Table IlI-A-1-1 includes all six
climate change pollutants including COz, CHy4, and N2O, hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) that are proposed/listed in
AB32.

As mentioned earlier, in addition to the six GHGs identified above, there are a number
of man-made pollutants, emitted primarily as byproducts of combustion (both of fossil
fuels and of biomass), that affect the climate. Several of these substances have both
warming and cooling effects, with considerable uncertainty as to the net effect. Those
generally believed to result in net warming include CO, NMVOC, and the fraction of
particulate matter (PM) substantially consisting of BC. The 2007 IPCC states that in
addition to the gases targeted in the Kyota Protocol, the contribution of tropospheric O3
to the greenhouse effect is also important. The report further states that in order to curb
global warming it is necessary to reduce the emissions of both GHGs and other gases
that influence the concentration of GHGs. Air pollutants such as NOx, CO, and NMVOC
generate O3 and impact tropospheric OH radicals, which in turn alters CH,4 levels.
Hence, they are called indirect GHGs. This interrelationship of direct and indirect GHGs
Is one reason it is important to simultaneously control smog-forming and particulate
matter pollutants, as well as the “traditional” six GHGs such as CO2, sometimes with
the same technologies (e.g. advanced hybrid technology and zero-emission vehicles).



Table IlI-A-1-1. Numerical Estimates of Global Warming Potentials Compared With CO,
(Kilograms Of Gas Per Kilogram Of CO, -- Adapted From IPCC 2007d%?)

Climate Lifetime Global Warming Potential
Pollutants (years) 20 years | 100 years 500 years
CO, ~150 1 1 1
CH, 12 72 25 76
N0 114 289 208 153
HFCs (depending 2-270 437-12,000 124-14 800 38-12,200
on type of HFC)
PFCs (depending | 740-50,000 | 5,210-13,200 | 7,380-17,700 11,200-21,200
on type of PFC)
SFs 3,200 16,300 22,800 32,600

All of these substances have significantly greater uncertainty associated with
quantifying their impacts on climate than the six pollutants identified in the Kyoto
Protocol. This is partly due to the fact that their impacts occur by influencing the
concentrations of direct GHGs through a series of complex chemical reactions, and their
high chemical activity and large variation in source strengths lead to temporal and
spatial variations. Therefore, these other agents typically have not been directly
included in climate-related emission reduction efforts due to scientific uncertainty
regarding the magnitude or direction of their climate change effect and difficulty in
quantifying their impact in terms of “CO, equivalent”, which is the standard metric of
global warming potential.

In summary, multi-component abatement strategies to limit human-induced climate
change need a framework and numerical values for the trade-off between emissions of
different GHGs. Alternative metrics to compare emissions of GHGs can result in very
different priorities for abatement of different gases in mitigation strategies. The GWP
with a 100 year time horizon is the most widely accepted metric for comparing GHGs.
Although shertcomings have been identified, no other metric has gained comparable
status to GWPs. Both at the national and international levels, the GWP remains an
appropnrate metric for comparing the potential climate impact of the emissions of
different forcing agents.

1.4. Indicators of Climate Forcing and Climate Change in California

Over the last several decades, evidence of human influences on climate change has
become increasingly clear and compelling. There is indisputable evidence that human
activities are adding to the concentrations of greenhouse gases that are already
naturally present in the atmosphere. - These heat-trapping gases are now at record-high

|PCC (2007d), Working Group |: The Physical Science Basis, Chapler 2: Changes in Atmospheric Constituents and
in Radiative Forcing, available at hifp:/iwww.ipcc.ch/pdffassessment-report/ard/wgl/ard-wg1-chapter2.pdf




levels in the atmosphere compared with the recent and distant past. Warming of the
climate system is well documented, evident from increases in global average air and
ocean temperatures, widespread melting of snow and ice, and rising global average sea
level. Most of the observed increase in global average temperatures since the mid-20™
century is very likely due to the observed increase in anthropogenic GHG
concentrations (IPCC 2007a).

Indicators of climate forcing and actual climate change can be used to illustrate trends,
measure the suitability of particular actions in certain areas, measure progress made in
meeting climate change policy targets, identify requirements for adaptation and
mitigation measures, and encourage public awareness of the climate change impacts.
Hence, collecting and interpreting environmental indicators has piayed a critical roie in
our increased understanding of climate change and its causes. An indicator represents
the state of certain environmental conditions over a given area and a specified period of
time. Examples of climate change indicators include temperature, precipitation, sea
level, and GHG concentrations in the atmosphere.

Trends in GHG emissions are useful in these areas. Atmospheric CO:and other GHG
concentrations are a key indicator for international negotiations on emission reduction.
Climate and atmospheric variables such as temperature change and trends in
precipitation are also important. In general, indicators tc describe the impact of climate
change on human health are still limited due to lack of data. Climate change can
exacerbate heat waves resulting in higher rates of morbidity and mortality.
Furthermore, higher temperatures could lead to an increase of water and food related
diseases. Scientists, analysts, decision-makers, and others use environmental
indicators, including those related to climate, to help track trends over time in the state
of the environment, key factors that influence the environment, and effects on
ecosystems and society.

California began one of the earliest efforts to track and reduce greenhouse gas
emissions and to support research to better understand climate change and its impacts.
Palpable signs or “indicators” of climate change in California can be found in this wealth
of scientific research and environmental monitoring. These indicators help tell the story
of how California’s climate is changing and how these changes are influencing many of
our natural systems. Several potential climate change indicators have been suggested,
including anthropogenic GHG emissions, air temperature, annual Sierra Nevada snow
melt runoff, and sea level rise in California (EPIC, 2009)?®>. Changes occurring in
California are largely consistent with those occurring globally. In summary, the
indicators of climate change in the 2009 EPIC report show the following:

* Emissions of GHGs have increased since 1990, with CO, from the combustion of
fossil fuels for transportation accounting for the largest proportion of emissions.
The contribution of GHG from the combustion of different fuels varies by fuel

= Office of Environmental Health Hazard Assessment. Environmental Protection Indicators for California (EPIC),

2009. Available at: hitp;//oehha.ca.gov/imultimedia/epic/pdf/ClimateChangeindicatorsApril2009.pdf ).
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type. Nonrenewable fossil fuels are used more than any other fuel type in
California and emissions from the combustion of gasoline and natural gas have
increased the most between 1990 and 2004.

Atmospheric concentrations of CO, have been increasing.in coastal areas of the

state, consistent with global trends. Measurements at La Jolla, as well as shorter
term measurements at Trinidad Head and Point Arena, are consistent with global
trends, as represented by the measurements at Mauna Loa, Hawaii.

Temperature data have been collected at many weather stations in the State for
almost a century. The air temperature indicator can be used to track trends in
statewide surface air temperatures and regional variations, allowing for a
comparison of temperature changes in California with those occurring globally.
Air temperatures have increased over the past century, with nighttime minimum
temperatures showing a greater rate of increase than daytime maximum
temperatures. The 11 climate regions within the State are showing the same
warming trends over the last century. The entire State has been warming in both
minimum and mean temperatures, at approximately 2°F per century. There are
modest differences around the State in the rate of daytime warming. Counties
with populations over 1 million are warmer than those with populations under
100,000. Conversely, counties with less than 100,000 people had the lowest
average rate of temperature increase. The rate of temperature increase -- 0.7°F
(0.5°C) per century -- from the rural group agrees with a global estimated mean
surface temperature increase of 0.5 to 1.0°F (0.3 to 0.6°C) since the 19" century.

Summertime temperature extremes, especially at night, have been decreasing
over the past half century. Likewise, winter chill hours, a factor critical for fruit
trees to produce flowers and fruit, have been decreasing in the fruit growing
valleys of California over the same time period.

Precipitation in the form of rain and snow is a major component of the biological
and economic lifeblood of California. The historical likelihood of wet and dry
episodes of various durations must be factored into planning for management of
water resources (municipal and industrial water supplies, agriculture,
hydropower, recreation, fish habitat, and others) and in planning for both flocds
and droughts. Over the entire 112-year period of record, the linear trend of
annual precipitation is an increase of about 17 percent per century. Of note are
the large year-to-year variations in precipitation, particularly since the 1930s, and
long episodes of consecutive dry or wet years at many times during the
observational record.

The warming of global climate could increase evaporation rates, thereby
potentially increasing precipitation and storms in the State. Snowmelt and runoff
volume data can be used as a climate change indicator to document changes in
runoff patterns. For example, the percentage of annual runoff fraction during the
spring snowmelt period of the Sacramento River has decreased by 10 percent
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since 1906. Less spring runoff can reduce the amount of potential summer water
available for the State's water needs and hydroelectric power production. These
specific regional changes are related, at least in part, to the climate change
associated with the observed giobal mean warming. In California, large
accumulations of snow occur in the Sierra Nevada and southern Cascade
Mountains from October to March. Each winter, at the high elevations, snow
accumulates into a deep pack, preserving much of California’s water supply in
cold storage. If the winter temperatures are warm, mare of the precipitation falls
as rain instead of snow, and water directly flows from watersheds before the
spring snowmelt. Thus, there is less buildup of snow pack; as a result, the
volume of water from the spring runoff is diminished. Less spring runoff can
reduce the amount of potential summer water available for the state’s water
needs and hydroelectric power production. Lower runoff volumes can also
impact recreation opportunities, and impair cold water habitat for salmonid fishes.

Snow-water contents have trended towards less water stored in snow-packs in
the Northern Sierra Nevada, and towards more water stored in snow-packs in the
Southern Sierra Nevada during the past several decades. During spring, snow-
water contents have declined by about 15 percent in the northern Sierra Nevada
since 1950, while increasing by about 15 percent in the southern Sierra Nevada.
Together, the decreases in the north and increases in the south have combined
to yield littie or no net change in the statewide snow-water content averages.

Glaciers are important indicators of climate change. Over the 20" century, with
few exceptions, alpine glaciers have been receding throughout the world in
response to a warming climate. The surface area of seven Sierra Nevada
glaciers has decreased over the past century. In 2004, the area of these seven
glaciers ranged from 22 to 69 percent of their 1900 area.

Sea level rise provides a physical measure of possible oceanic response to
climate change. Increasing global mean temperatures will result in the rise in
mean sea level. Warming of the ocean water will cause a greater volume of sea
water because of thermal expansion. This contributes the largest share of sea
level rise, followed by melting of mountain glaciers and ice caps.

Along Caiifornia’s coast, sea level already has risen by three to nine inches over
the last century (three inches at Los Angeles, eight inches at San Francisco, and
an estimated nine inches at La Jolla near San Diego), and it is likely to rise by
another 7 to about 30 inches by 2100. Differences in sea level rise along the
coast can occur because of local geological forces, such as land subsidence and
plate tectonic activity. Global warming studies predict that global sea level will
rise at an accelerated rate, much beyond that seen in prehistoric natural cycles of
warming and cooling evidenced by geologic data.

The scientific evidence suggests that terrestrial, marine and freshwater biological
systems are also being strongly influenced by recent warming. From 1983 to
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2004, tree mortality resulting from stress and biotic causes (as opposed to
mechanical causes) in temperate old-growth forests of the Sierra Nevada has
increased at the average rate of 3 percent per year. The increase in mortality
rate coincides with a temperature-driven increase in estimated climatic water -
deficit, a measure of drought.

¢ Large-wildfire (fire event 2400 hectares) activity in western U.S. forests increased
suddenly and markedly in the mid-1980s. From 1987 to 2003, wildfire frequency
was nearly four times the average number, and the total area burned was more
than six times the level seen between 1970 and 1986. Inter-annual variability in
wildfire frequency is strongly associated with regional spring and summer
temperature. Also, when comparing 1970-1986 with 1987-2003, the length of the
yearly wildfire season (March through August) extended by 78 days, a 64 percent
increase, and the duration of individual fires increased from one week to about
five weeks.

* The lower edge of the conifer-dominated forests in the Sierra Nevada has been
retreating upslope over the past 60 years. The spring and fall arrivals of some
migratory birds are changing. Small mammals in Yosemite National Park are
found today at different elevational ranges compared to earlier in the century.
Butterflies in the Central Valley have been arriving earlier in the spring over the
past four decades.

The climate change indicators described above represent key properties of the climate
system that are considered sensitive to climate change. Many additional potential
indicators remain to be explored. For example, climate change may influence the
frequency of extreme weather events, ecosystem structures and processes, and
species distribution and survival. It may affect forestry, energy and other industries,
insurance and other financial services, and human settlements. In addition, the impacts
can vary from one region, ecosystem, species, industry, or community to the next.
Research into the regional impacts of climate change is ongoing, and the potential
climate change indicators wilt be updated and expanded as new information becomes
available.

1.5. Potential Impacts on California

Climate is a central factor in Californian life. It is at least partially responsibie for the
State’s rapid population growth in the past 50 years, and largely responsible for the
success of industries such as agriculture and tourism. The potential effects of climate
change on California have been widely discussed from a variety of perspectives. The
signs of a global warming trend continue to become more evident and much of the
scientific debate is now focused on expected rates at which future changes will occur.

Climate change poses serious risks to California’s natural resources. California-specific
impacts are expected to include changes in temperature, precipitation patterns, and
water availability, as well as rising sea levels and altered coastal conditions. These




physical changes will have economic repercussions across the California economy,
including in agriculture, forestry, energy production and consumption, air quality, coastal
infrastructure, and public health.

California has a long history of studying the potential impacts of climate change on the
State’s natural resources and economy. In 2005, Executive Order S-3-05 established
GHG targets for the State such as: returning to year 2000 emission levels by 2010;
1990 levels by 2020; and 80 percent below 1990 levels by 2050. The Executive Order
also requires biennial reports on progress toward meeting those targets and updates on
the impacts of giobal warming on California. The Climate Action Team produced its first
Assessment Report in March 2006. The second assessments report (CAT 2010)
provides the most comprehensive review and analysis of climate change modeling for
California to date. This study is also the first state-level evaluation of both the physical
and economic consequences from potential future climate change.

Through its reliance on peer-reviewed scientific studies, the 2010 CAT report provides
strong evidence of the benefits of putting California and the world on the path to a low
carbon future. The climate change scenarios describe changes in temperature,
changes in precipitation patterns and water availability, and rising sea levels and altered
coastal conditions. Each of these basic climatological changes in turn drives changes in
natural and human systems that have the potential to alter the future of the State.
Specific research highlights include:

Agriculture: The diversity and size of California’s agricultural sector creates unique
opportunities and challenges in its responses to climate change. Global warming is
likely to change precipitation, temperature averages, maximums and minimums, pest
and weed ranges, the length of the growing season, and other factors. These will all
affect crop productivity. Lee et al.?* [ooked at productivity changes from 1950-2099 for
seven annual field crops: alfalfa (hay), cotton, maize, winter wheat, tomatoes, rice, and
sunflower. Compared to 2000, in 2050 cotton, maize, sunflower, and wheat yields
decrease from 3 percent to 8 percent, while rice and tomato yields were essentially the
same. Alfalfa yields increased, but the results were not consistent across counties.
However, by the end of the century, yields of all crops except alfalfa decreased, and the
differences between high- and low-GHG emissions scenarios were pronounced. The
results suggest that climate change will decrease annuatl crop yields in the long-term,
particuiarly for cotton, unless future climate change is minimized and/or adaptation of
management practices and improved cultivars becomes widespread.

Extreme events may be among the greatest challenges, as they can lead to large
losses. Since 1980, nighttime temperature has increased about three times as much as
daytime temperature, and in some areas there has been a reduction in yield for wheat,
maize, and barley. If the climate shifts toward a severe drought, not only will more
irrigation be needed, but also the snow pack at higher elevations will be lacking. This

* Lee, J., S. De Gryze, J. Six. (2009). Effect of Climate Change on Field Crop Production in the Central Valley of
California. California Energy Commission, CEC-500-2009-041-F . http:/iwww energy.ca.qgov/2009publications/CEC-
500-2009-041/CEC-500-2008-041-F . PDE
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can be disastrous for producers that grow fruit trees and vines that will require years to
reestablish production. By the end of the century modeling predicts that yields of almost
all high value crops studied will decrease.

Forestry: California timber production has been declining over the past few decades
due to several factors, including moderate warming, increased wildfires, land use
change and growing emphasis on recreation. Climate change has the potential to
further affect the extent of forests, the amount of timber production in the State and the
value of timber on the market. The long-term increase in fire occurrence associated
with GHG emissions is substantial, as well as an increased estimated burned area in
California. Westerling et al.*® constructed a statistical model of wildfire as a function of
climate and land surface characteristics in California. Model resuits suggest increases
in wildfire, although the range of outcomes is large and expands with time. The long-
term increase in fire occurrence associated with the higher GHG emissions pathway is
substantial, with increases statewide ranging from 58 percent to 128 percent by 2085.

Likewise, estimated burned area increased 57 percent to 169 percent.

Water Resources: The Sierra Nevada snowpack is California’s main water reservoir,
and higher temperatures equate to more rain and less snow. The high elevation
snowpack serves as a natural reservoir that stores fresh water during the wet, cold
season and releases it gradually during the dry, warm season. About 60% of the water
supply for Southern California comes from melting Sierra Nevada snowpack. The State
may be facing a future with as much as 70 to 90% reduction in the Sierra Nevada snow
pack. Snowmelt also affects hydropower generation in California (Vicuia et al.®). The
impact of global warming on the Sierra Nevada snowpack has become one of the
leading toplcs in the regional climate change studies for the California region.

Hadley et al.*” examined the concentration of BC aerosols in snow in California and the
potential of these aerosols to reduce albedo and increase metlt. This study provides one
of the first direct measurements for the efficient removal of black carbon from the
atmosphere by snow and its subsequent deposition to the snow packs of California.
The data reveal that BC concentrations in the Sierra Nevada snowpack are sufficient to
perturb both snow melt and surface temperatures.

California’s water delivery and usage is delicately balanced. Any major changes in
rainfall, snowpack, and timing would have serious ramifications. For instance, climate
change would result in the need for more irrigation coming from a less reliable water
supply. The reliability of the State Water Project and federal Central Valley Project
water supply systems are expected to be reduced, so without changes in operating

» Westerling, A.L., B. P. Bryant, H.K. Preisler, H G. Hidalgo, and T. Das. 2009. Climate Change, Growth, and
California Wildfire. California Energy Commission. CEC-500- 2008-046-F .

http.//www energy.ca.gov/2009publications/CE C-500-2009-046/CEC-500-2009-048-F.PDF

* Vicuna, S., R. Leonardson, M. Hanemann, L. Dale, and J. Dracup. 2008. “Climate change impact on high elevation
hydropower generation in California’s Sierra Nevada: A case study in the upper American River.” Ciimatic Change
87.5123-5137.

" Hadley, O. L., Corrigan, C. E., Kirchstetter, T. W., CIiff, S. S., and Ramanathan, V. (2010). Measured black carbon
deposition on the Sierra Nevada snow pack and |mp||callon for snow pack retreat, Atmos. Chem. Phys,, 10, 7505-
7513, doi:10.5194/acp-10-7505.




rules, gains in efficiency, and expanded infrastructure, the statewide water supply
systems could be severely affected.

Coastal Areas: Sea level rise is one of the most obvious and severe impacts of a
warming worltd, leading to displacement of human populations and severe economic
impacts. As global warming continues, California’s coastal regions will be increasingly
threatened by more intense storms and warmer water temperatures. Many of the areas
indicated as vulnerable to sea water inundation are presently behind levees and would
be inundated if those levees breached or were overtopped. Other areas with critical
infrastructure, such as the San Francisco and Oakland airports, would need fevee
protection.

Enerqy: Anticipated climate change will affect residential electricity demand patterns
for California's households. On average, statewide electricity demand in the residential
sector may increase by about 7% in the next few decades solely due to increases in
mean temperature and frequency of extreme heat events from climate change. These
changes represent substantial impacts to California’s residents and an added stress to
the electricity generating sector. California’s water and hydropower energy resources
are also vulnerable to climate change. Changes in precipitation amount or pattern will
have a direct impact on hydropower generation. If snowpack decreases, hydropower
generation during these months would be reduced.

Air Quality: Californians experience — on a cumulative basis — the worst air quality in
the nation. Ozone and particulate matter are the poilutants of greatest concern, and
climate change could siow progress toward attainment of heaith-based air quality
standards and increase pollution control costs by increasing the potential for high ozone
and high particulate days. Reductions needed to counter man-made and natural
biogenic emissions will be particularly important during strengthened temperature
inversion events and summertime stagnation episodes. By 2050, the effects of climate
change may partially or completely offset the benefits of emission control programs on
ambient levels of ozone. This offsetting of air quality improvements by climate change-
induced temperature and emission changes has been termed the “climate penalty.”

Public Health: Climate change has the potential to significantly impact the health of
Californians. Climate change may alter the frequency, timing, intensity, and duration of
extreme weather events (meteorological events that have a significant impact on local
communities). Injury and death are the direct health impacts most often associated with
natural disasters. Research suggests that the most sericus health effects will not be
primarily related to changes in average climate, but rather to increased frequency of
extreme conditions, principally more frequent, longer, and more intense heat waves.
Studies of heat waves in urban areas have shown an association between increases in
mortality and increases in heat, measured by maximum or minimum temperature, heat
index (a measure of temperature and humidity), or air-mass conditions. Heat wave
conditions are alsc associated with weather patterns conducive to increased air
pollution formation (such as tropospheric ozone) and wildfire outbreaks, both of which
pose risks to public health. In addition, climate change has the potential to influence
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asthma symptoms, the incidence of infectious disease, and the potential to affect
humans indirectly through impacts on food and water supplies and quality.

Ecological Impact: Climate change could have an impact on many of California's
species and ecosystems. Several studies have shown that the relatively minor changes
in climate in the 20" century are already having noticeable ecological impacts. Climate
change is affecting U.S. biodiversity and ecosystems, and it is very likely that climate
change will increase in importance as a driver for changes in biodiversity over the next
several decades. Persistent changes in tree mortality rates can alter forest structure,
composition, and ecosystem services such as carbon sequestration.

Economic Impacts: By putting a dollar value on the physical impacts of climate
change, the 2009 CAT report examines in economic terms the cost associated with
climate change if no corrective actions are taken. These assessments are in the early
stages of development and are expected to evolve as improved data and methods are
developed. This current assessment demonstrates that climate change poses
significant financial risks for California, indicating that the value of reducing global
emissions is substantial. The potential economic losses highlight the need for effective
adaptation policies as part of the State’s response to climate change.

« Climate change could result in an overall decline in the value of harvested timber,
with decreases between 4.9% and 8.5% in the State.

* Net economic loss for the water delivery system due to climate change is
predicted to be between $140 and $400 million annually by the end of the
century. '

* The costs of replacing property at risk of coastal flooding or protecting vulnerable
areas are estimated to be at least $100 billion and $14 billion, respectively.

= Total incremental annual electricity expenditures in the residential sector, due
solely to climate change, range from $3.5 to $15 billion. Hydropower generation
in California comes from units associated with relatively farge reservoirs (low-
elevation units) and units in high-elevations. Total annual generation is a strong
function of the amount of precipitation falling in California. For high-elevation
hydropower units, up to 20% decreases in annual electricity generation would
translate to an annual loss of about $1 billion.

e Economic impacts assessments on the environment under different climate
scenarios are still in its infancy. For example, projected economic effects due to
changes in above-ground carbon stock vary greatly, depending on many factors
such as temperature increases, forest fires, development, and a future carbon
price.

In summary, abundant evidence now shows that climate change is not just a future
problem, but is already observable now, with measurable impacts for the state’s
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citizens, natural resources, and economic sectors. The emerging projections of climate
change impacts offer several sobering conclusions. In areas such as sea level rise and
carbon emissions, recent scientific progress suggests that impacts are likely to be more
severe than previously anticipated. Moreover, climate change impacts will not occur in
isolation from other global environmental and societal changes, but will compound
underlying environmental and economic stresses that are already occurring in California
from development and urbanization. In addition, impacts that may occur in distant
places can impact California through physical transport, such as air pollution from Asia,
or via societal and economic interactions.

California’s position as a national leader of state-sponsored climate change research
provides us a unigue perspective on how to best prepare for the effects of climate
change. Future considerations should recognize that current emissions have committed
the State to some amount of ongoing and irreversible climate change. The
consequences of taking no action on adaptation and mitigation would be costly for
California and the world.

1.6. Abrupt Climate Change

When most people think about climate change, they imagine gradual increases in
temperature and only marginal changes in other climatic conditions, continuing
indefinitely or even leveling off at some time in the future. It is assumed that human
societies can adapt to gradual climate change. However, recent climate change
research has uncovered a disturbing feature of the Earth's climate system: it is capable
of sudden, violent shifts. This is a critically important realization. Climate change will
not necessarily be gradual, as assumed in most climate change projections, but may
instead involve relatively sudden jumps between very different states. A mounting body
of evidence suggests that continued GHG emissions may push the oceans past a
critical threshold and into a drastically different future.

Change in any measure of climate or its variability can be abrupt, including a change in
the intensity, duration, or frequency of extreme events. For example, single floods,
hurricanes, or volcanic eruptions are important for humans and ecosystems, but their
effects generally would not be considered abrupt climate changes. A rapid, persistent
change in the number or strength of floods or hurricanes might, however, be an abrupt
climate change. Societies have faced both gradual and abrupt climate changes for
millennia and have learned to adapt through various mechanisms, such as developing
irrigation for crops, and migrating away from inhospitable regions. Nevertheless,
because climate change will likely continue in the coming decades, denying the
likelihood or downplaying the relevance of past abrupt events could be costly.

Evidence from the geologic past suggests that very abrupt climatic and environmental
changes can happen, and that these abrupt changes are more likely the more a system
is pushed out of its dynamic equilibrium. This is currently occurring with the climate as
a result of anthropogenic forcing and there is considerable concern in the scientific
community that abrupt changes—imaginable, but not predictable at present—may occur
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again. Thus, in addition to the gradual (albeit accelerated) climate changes projected
by current climate models, Californians need to be aware of the possibility of much
more sudden climate shifts. These shifts have a scientifically well-founded place among
the possible futures facing the State and should be among the possibilities
accommodated in planning and adaptation measures. The social and economic costs
of such abrupt changes have not been assessed but may be beyond the capacity of
many communities to absorb without major suffering®.

1.7. Summary

Climate change is a long-term shift in the climate of a specific location, region or planet.
The shift is measured by changes in features associated with average weather, such as
temperature, wind patterns, and precipitation. Available scientific evidence strongly
supports the conclusion that most of the increased average global temperatures since
the mid-20™ century is very likely due to human-induced increases in GHG
concentration. The burning of fossil fuels emits GHGs into the atmosphere, while
deforestation and land-use changes remove trees and other kinds of vegetation that
store (“sequester”) carbon dioxide.

Global warming is no longer a matter of the future or of places far away. Rather,
climate change is already evident in California, and it is happening now. Climate change
Is a critical issue facing California’s citizens, ecosystems, and economic vitality. Sea
levels have risen by as much as seven inches along the California coast over the last
century, increasing erosion and pressure on the State’s infrastructure, water supplies,
and natural resources. California is the only state that relies to such a great degree on
water supply and storage in our snowpack. The State has also seen increased average
temperatures, more extreme hot days, fewer cold nights, a lengthening of the growing
season, shifts in the water cycle with less winter precipitation falling as snow, and both
snowmelt and rainwater running off sooner in the year. These climate driven changes
affect resources critical to the health and prosperity of California. For example, forest
and wild-land fires are becoming more frequent and intense due to dry seasons that
start earlier and end later. Agriculture is especially vulnerable to altered temperature
and rainfall patterns, and new pest problems. Economic evaluations of potential
impacts due to climate change show that climate change could impose substantial costs
to Californians on the order of tens of billions of dollars per year.

The emerging projections of climate change impacts offer several sobering conclusions.
In areas such as sea-level rise and carbon emissions, recent scientific progress
suggests that impacts are likely to be more severe than previously anticipated. The
preceding section has focused on the ways in which changes in climate are projected to
affect the environment and society though the 21 century. However, what will actually
occur depends greatly on efforts to reduce emissions and to minimize future negative
impacts. In short, human decisions are key to determining the true severity of future

® The future is now: An update on climate change science impacts and response options for California (2008).
Publication # CEC-500-2008-071.
http://www.energy.ca.gov/2008publications/CEC-500-2008-071/CEC-500-2008-071.PDF

VU S Page 96 A



impacts. California has already demonstrated the enormous potential for positive
change. Mitigation of emissions to slow down climate change and efforts in adaptation
to deal with the impacts of change will help minimize the harmful impacts of climate
change and provide valuable co-benefits.

2. NATIONAL GREENHOUSE GAS PROGRAM DEVELOPMENT

In May of 2010, USEPA finalized its GHG emission standards for light-duty vehicles for
model year 2012-2016 vehicies. This national program will implement footprint-indexed
standards for all cars and light trucks sold in the U.S., with a projected fleet average
model year 2016 requirement of 250 grams of carbon dioxide emissions per mile.*® The
2016 federal endpoint is nearly identical to the precedential California 2009-2016
standards and extends California’s promotion of lower GHG technologies (e.g., for
engines, transmission, and air-conditioning technologies) nationwide to achieve a
similar 2016 new vehicle fleet outcome. This initial national GHG program was
developed by USEPA, in coordination with NHTSA, which administers Corporate
Average Fuel Economy (CAFE) Standards. The national 2012-2016 program was the
subject of commitment letters from the State of California and major automakers. As a
result, ARB modified its regulations to explicitly accept federal compliance with the
USEPA standards as sufficient to demonstrate compliance with California’s standards
for the 2012-2016 model years.

Also in May of 2010, a Presidential Memorandum directed USEPA and NHTSA to work
jointly to develop continuing GHG standards for model years 2017-2025 (USEPA and
NHTSA, 2011a). The Memorandum requested that USEPA and NHTSA work closely
with ARB on a 2010 technical assessment that would assess technologies and costs to
achieve varying levels for GHG emission reduction through model year 2025. The
result was a September 2010 Interim Technical Assessment Report, jointly authored by
USEPA, NHTSA, and ARB. Subsequent to that collaborative technical work, ARB staff
has closely monitored the work of USEPA and NHTSA, the staffs continued to jointly
hold meetings with various stakeholders (e.g., individual automakers), examine updated
technical materials, and develop consistent technology assumptions. In November
2011, USEPA and NHTSA proposed 2017-2025 federal standards (USEPA and
NHTSA, 2011b).

3. SUMMARY OF PROPOSED REGULATION

In this section 1I1.3, a summary of the proposed standards and major provisions is
provided. After this summary section, the technical feasibility basis for the standards is
described in section Ill.4, while a more thorough description and assessment of
compliance with the proposed standards is shown in section i11.5.

3.1. Pollutants Included in the Proposed Regulation

* For the national GHG program page see USEPA's Office of Transportation and Air Quality, “Regulations and
Standards.” hftp//www.epa.gov/otag/climatesrequlations. htm
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The proposed regulation sets emission standards for CO,, CH,4, and N;O, and provides
credits toward the CO, standard if a manufacturer reduces refrigerant emissions from
the vehicle’s air conditioning system.

3.2. Footprint-Indexed Greenhouse Gas Emission Standards

The proposed greenhouse gas (GHG) emission standards would reduce new light-duty
carbon dioxide (CO;) emissions from their regulatory model year 2016 levels by
approximately 34% by model year 2025, from about 251 to about 166 gCO./mile, based
on the projected mix of vehicles sold in California. The basic structure of the standards
includes two categories — passenger cars and light-duty trucks — that are consistent with
federal categories for light-duty vehicles. The standard targets would reduce car CO;
emissions by about 36% and truck CO; emissions by about 32% from model year 2016
through 2025. Figure lIl-A-3-1 illustrates the basic target emission trends that are
_projected from the car and truck standards.

Figure llI-A-3-1. Target emission reductions from GHGr standards
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Within the two categories, the CO; standard targets for vehicle models sold by each
automaker are indexed to the vehicles’ footprint, which is calculated as each vehicle
model's wheelbase times the average track width. As a result of the proposed
regulatory structure, the precise CO; emission rates that will result from the standards in
each year from 2017 through 2025 will depend on the ultimate sales-weighted mix of
vehicles (i.e., according to vehicle sales in each category and the footprint of the
models) sold in each year. Figure IlI-A-3-2 illustrates model year 2008 vehicle models,
the 2016 standard targets (which overall are approximately 25% below model year 2008
vehicles), and the 2025 standard targets (which overall are about 34% below the 2016
targets). The combined result of the 2012-2016 standards and the 2017-2025
standards would reduce vehicle CO, emissions by approximately 51% from their 2008
levels.




Figure 11I-A-3-2. lllustration of 2025 car and truck standard GHG targets compared to the
2008 fleet and 2016 standard targets
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Table llI-A-3-3 shows the year-by-year new vehicle CO, reductions that are projected as
a result of the standards from cars, light-duty trucks, and combined light-duty vehicles.
The projected result overall from 2016-2025 from these standards is to reduce car CO;
emissions by approximately 4.9%/year, reduce truck CO; emissions by approximately
4.1%/year, and reduce combined light-duty CO, emissions by approximately 4.5%/year
from 2016 through 2025. These CO, emission reduction estimations are approximate
because the required emission level to achieve compliance with the standards for each
vehicle manufacturing company depends on their ultimate sales mix of vehicles.
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Table IlI-A-3-3. Projected targets for light-duty vehicle gCO,/mile emission rates

Model Car Truck Combined light-duty
year gCOQ./mi 31"::;; gCOz/mi shnan:ga; gCO/mi | Annual change
Baseline 2008 291 396 336
2008-2011
2012 263 340 290
Previous 2013 256 2.8% 330 2.8% 283 2.6%
Rule Targets 2014 248 3.3% 321 2.8% 275 2.8%
2015 236 4.5% 306 4.5% 263 4 3%
2016 226 4.5% 292 4.5% 251 4.4%
2017 213 5.5% 290 0.7% 243 3.2%
2018 203 4.9% 280 3.5% 233 4.2%
Proposed 2019 192 5.2% 273 2.8% 224 4.0%
Rulemaking 2020 183 4.9% 264 3.0% 215 3.8%
Targets 2021 173 55% 245 7.5% 201 6.3%
2022 185 4.4% 233 4.9% 192 4.6%
2023 158 4.5% 221 4.9% 183 4 8%
2024 151 4.5% 210 5.0% 174 4.8%
2025 144 4.6% 200 4.9% 166 4.8%
Average change, (2016-2025) 4.9% 4.1% 4.5%
Change, 2008-2016 -23% -26% . -25%
Change. 2016-2025 -36% -32% -34%
Change, 2008-2025 -51% -50% -51%

Mates: Car, truck, overall targets shown are based on projected sales of vehicles by footprint, category (ultimate gCOx/mile
levels are determined by end-of-year sales); the original California GHG standards for medel years 2009-2011 are based on
a different two-category system (PC/LDT1 and LDT2) than the car and truck system of the 2012-2016 federal standards and
proposed 2017-2025 standards; Difference of individual columns may not match due to rounding.

Proposed standards also apply to other greenhouse gases, in particular CHy, and N2O.
In addition, reductions in high global warming potential refrigerant emissions (e.g.,
vehicle refrigerant HFC-134a) create a credit expressed in COs-equivalents. In the
current 2009 to 2016 ARB GHG standards, CH4 and N>O emissions are converted to
CO;-equivalents, and included in the calculation used to determine compliance with the
CO; standard. USEPA, in their 2012-16 standards, adopted separate standards for CHs
and for N,O. Both approaches account for the principal GHGs emitted by passenger
motor vehicles, reflecting the purpose and intent of the respective regulatory programs
to control GHG air pollutants.

For the 2017-2025 model year standards, ARB proposes to use the USEPA approach
and adopt separate standards for CO,, CH,, and N>O. The CH4 and N,O standards will
reflect the same stringency as the prior, separate federal standards. This revised
approach avoids having to adjust the CO, footprint curves to reflect the other two
pollutants. Crediting for reductions in high global warming refrigerant emissions will
continue similar to the current regulations, and staff intends that both ARB and USEPA
regulations will use the same credit values. Additional discussion of the CH,4 and N,O
standards appears later in this report. The net result is that, like the current 2009-2016
California GHG standards, the proposed 2017-2025 standards account for all major
sources of vehicle GHG emissions, including upstream GHG emissions associated with
the production and transportation of varicus vehicle fuels. Again, the purpose and intent
is to account for and seek reductions in GHG air pollutants.
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3.3. Flexibilities and Alternative Compliance Mechanisms

The two primary flexibilities of the standards are to allow a fluctuation of the future new
vehicle fleet's CO, emissions according to each company’s car-truck composition and
sales-weighted sales according to vehicle footprint. These primary flexibilities were
deemed critical to allow the standards to accommodate a diverse fieet of vehicle types
and their potential to shift according to consumer trends, fluctuating fuei prices, and
other factors. Beyond these fleet-accommodating features, many of the flexibilities from
the model year 2016 standards will continue. For example, regulated companies are
allowed averaging, banking (5-year credit carry-forward, 3-year credit carry-back),
trading between car and truck categories, and trading between companies.

In addition, a number of other crediting mechanisms are provided. Crediting for more
efficient systems, lower-refrigerant leakage designs, and alternative low-giobal-warming
potential refrigerants are provided for innovations in vehicle air conditioning systems.
Off-cycle credits are permitted for verifiable GHG emission-reduction technologies that
are not fully accounted for with the established regulatory test cycle procedure. Also,
special crediting is provided for aiternative fuel vehicles for which there are no direct
tailpipe exhaust CQ; emissions.

4. TECHNOLOGICAL FEASIBILITY OF PROPOSED STANDARDS
41. Background

The proposed standards continue California’s original “Pavley” standards that were
developed in 2003-2004 in response Assembly Bill 1493 of 2002, as well as implement
AB 32. Since adoption of the original California 2009-2016 standards, California has
deemed automaker compliance with the similar federal 2012-2016 GHG standards,
promulgated by the U.S. Environmental Protection Agency (USEPA) in 2009, to suffice
for compliance with California standards for those model years.

Since federal adoption of GHG standards in 2009, the federal government and the
California Air Resources Board have been jointly engaged in extensive analysis and
technical collaboration with automabile manufacturers and suppliers. The joint work
between USEPA, NHTSA and ARB has ensured that the utmost technical knowledge is
jointly held and deliberated among the technical staffs of the three agencies, that the
agencies’ develop regulations that are harmonized in terms of their stringency and basic
provisions, and that the standards are consistent with the regulatory authority of all
three agencies. In addition, the joint work has sought to ensure that California
maintains and preserves its leading role in forcing technology to meet passenger
vehicle emission reduction standards, accepting National Program compliance only if
those standards achieve the type of federally unprecedented, substantial emission
reductions envisioned by the President's announcement and the newly proposed
standards (USEPA and NHTSA, 2011a; 2011b).
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The joint agency technical efforts have involved four public technical workshops that
spanned topics of efficiency, mass-reduction, and safety technology; collaborative
technical contract work (e.g., with FEV, Ricardo, Lotus); hundreds of internal joint-
agency meetings; and dozens of agency-automaker meetings. A major milestone in the
technical work was the Interim Technical Assessment Report (or “TAR"), finalized by
USEPA, NHTSA, and ARB in September 2010. This TAR, in turn, further encouraged
greater technical collaboration between the agencies, automobile companies,
automotive suppliers, and other stakeholders.

4.2. Technology Assessment

The standards are predicated on many existing and emerging technologies in vehicles
that increase engine and transmission efficiency, reduce vehicle energy loads, improve
auxiliary and accessory efficiency, and that could increasingly electrify vehicle
subsystems with hybrid and electric drivetrains. Previous rulemakings (i.e., California’s
2009-2016 and federal 2012-2016 standards) established an original technical basis for
GHG standards that is bearing out in practice, as manufacturers have met their GHG
requirements in California for the 2009 and 2010 model years, and appear to be well on
track for 2011. This rulemaking builds on this existing technical foundation with new
technical data and understanding of evolving state-of-the-art engine, transmission,
hybrid, and electric-drive technologies.

Table 11I-A-4-1 shows an illustrative summary of technologies with high potential for CO;
emission reduction along with their adoption within the 2008 fleet. As suggested by the
summary table, there are many individual technologies available with substantial CO;
reduction potential. The listed technologies can each have many different
configurations, varying CO; potential, and differing applicability across different vehicle
types. As shown in the table, many of the technologies have, up to now, only seen
limited deployment in new vehicle models in the fleet. It must be remembered,
however, that the Pavley standards are only halfway implemented, with at least four full
modei years remaining to increase deployment.
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Table lll-A-4-1. Emerging technologies’ CO; reduction potential and current adoption

Area Technology or mechanism for CO- reduction Pc:teec?ltllcatlig‘m l\f\t"za(;%b S:.';gf‘m
Variable valve timing 2-8% 53% 86%
Cylinder deactivation 3-6% % 7%
Turbocharging 2-5% 3% 3%
Engine Gasoline direct injection B-15% 2% 9%
Powertrain Compression ignition diesel 15-40% 0.1% 0.5%
Digital valve actuation 5-10% 0% 0%
6+ speed 3-5% 21% 40%
Transmission  [Continuously variable 8-11% 8% 10%
Dual-clutch, automated manuai 4-13% 1% -
Aerodynamics 5-8% - -
Tire rolling resistance 2-8% - -
More efficient auxiliaries (steering, air cond., alternator) 2-10% - -
Lower refrigerant emissions (low-leak, low-GWP) 2-10% - -
Vehicle Mass-reduction Advanced material component 5-10% - -
Integrated vehicle design 10-20% - -
Hybrid systems Stop-start mild hybrid 5-25% <1% <1%
Full hybrid electric system 20-50% 2% 4%
. . Plug-in capable electric vehicles 30-100% 0% 0%
Electric-drive FTéllcen thicIes 30-100% 0% 0%

"~ "indicates technologies areas where available deployment share estimates are not available; Sources:
USEPA and NHTSA, 2010; USEPA, NHTSA, CARB, 2011; NRC, 2011; Ricardo, 2011; USEPA, 2010

The above table offers an illustrative summary of the CO; potential — but the modeling
efforts to analyze the potential of technologies required specific identification of the
engineering capabilities of particular technologies for deployment on various vehicle
classes. The following tables identify technologies that were investigated for their

potential adoption within the 2025 timeframe of this rulemaking. The following
technology description tables are separated as follows:

* Vehicle road load and accessory energy reduction (Table 11i-A-4-2)

Engine efficiency technology (Table IlI-A-4-3)
Transmission efficiency technology (Table l1I-A-4-4)
Hybrid efficiency technology (Table [11-A-4-5)
Electric drive technology (Table lil-A-4-6)

Air conditioning system technology (Table 11I-A-4-7)

Vehicle road load and accessory enerqy reduction: There are a number of
technologies that reduce the averall energy loads on the vehicle to thereby result in

reductions in overall vehicle tailpipe CO, emissions. There are a number of auxiliary,
ancillary, and parasitic energy losses within the vehicle. Some of these energy losses,
for example from power steering, alternator efficiency losses, water pumps, and cooling
fans, all offer potential efficiency improvements. Larger in magnitude is the potential
COz-reduction from reducing the overall physical energy requirement to propel the
vehicle forward. The ultimate energy requirement of the vehicle is the energy load
required at the motive wheel to overcome aerodynamic drag, tire rolling resistance,
inertial acceleration, and grade. These energy loads can be reduced with improved
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aerodynamic design, tires with lower rolling resistance, and mass reduction through
advanced materials and optimized vehicle design.

Table lll-A-4-2. Vehicle load reduction and accessory improvements investigated for
potential CQ, reduction

Low-roiling-resistance tires (ROLL) - have characteristics that reduce frictional losses associated with the energy
digsipated in tha deformaticn of the tires under load, thereby reducing fuel use and CO2 emissions.

Low-drag brakes {LDB) - reduce the sliding friction of disc brake pads on rotors when the brakes are not engaged
because the brake pads are pulled away from the rotors.

Front or secondary axle disconnect for four-wheel drive systems (SAX) - provides a tarque distribution disconnect
between front and rear axles when torque is not required for the non-driving axle, raducing associated parasitic energy
losses.

Aerodynamic drag reduction (AERO) - This can be achieved via two approaches, either reducing the drag coefficients
or reducing vehicle frontal area. To reduce drag coefficients, skirts, air dams, underbody covers, and more aerodynamic
side view mirrors can be applied. In addition to the standard aerodynamic treatments, the agencies have included a
second level of aerodynamic technologies which could include active grille shutters, rear visers, and larger under body
panels.

Electric power steering (EPS)/ Electro-hydraulic power steering (EHPS) - is an electrically-assisted steering system
that replaces a continucusly operated pump of traditional hydraulic power steering, thereby reducing parasitic losses from
the accessory drive.

Improved accessories (IACC) - may include high efficiency alternators, elsctrically driven (i.e., on-demand) water pumps
and cooling fans. This excludes other electrical accessaries such as electric oil pumps and electrically driven air
conditioner compressors.

Mass Reduction (Mass) - This technology includes material substitution, smart design, and mass reduction
campeunding. The actual amount of reduction from the 2008 haseline was determined based con confidential business
information from vehicle manufacturers, material suppliers, existing studies in the literature, and NHTSA/USEPA/ARB
assessment of the levels of mass reduction that are both technolegically feasible and can be implemented reascnably
safely.

Engine efficiency technology: Often considered the most fundamental aspect of
vehicle efficiency and tailpipe CO, emissions is the vehicle’s central power source, the
internal combustion engine. The engine has considerable opportunities for energy
efficiency improvement by reducing engine pumping losses due to the movement of
intake and exhaust gases, friction losses from moving parts, thermodynamic efficiency
losses, and exhaust heat losses. Substantial improvements from low-viscosity
lubrication and engine friction reduction improvements can reduce friction losses.
Improved valvetrain systems that offer increased engine control with cam phasing and
variable valve lift help enable independent valve timing, thermodynamic efficiency, and
further engine improvements. Digital valve actuation (either electronically or electro-
hydraulically actuated) offers the ability to partially or fuily eliminate camshafts (and
associated losses) and enable improved controls for cam phasing and lift, as well as
cylinder deactivation. The use of cam phasing, turbocharging, engine downsizing,
gasoline direct injection and higher compression ratios allows for reduced pumping
losses and higher thermodynamic efficiency, for an expanded operating zone of low fuel
consumption and low CO; emissions. A further advancement in downsized
turbocharged direct injection engines is to introduce high amounts of recirculated
exhaust gas — cooled before mixing with intake air ~ with further boosting to reduce
pumping losses, reduce friction loss, and reduce exhaust heat loss.
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Table lli-A-4-3. Engine efficiency technologies investigated for potential CO, reduction

Low-friction lubricants {LUB) - low viscosity and advanced low friction lubricants cils are now available with improved
performance and better lubricatian. If manufacturers choose to make use of these lubricants, they would need to make
engine changes and possibly conduct durahility testing to accommodate the low-friction lubricants.

Reduction of engine friction losses {EFR) - can he achieved through low-tension piston rings, roller cam followers,
improved material coatings, more optimal thermal management, piston surface treatments, and ather improvements in the
design of engine components and subsystems that improve engine cperation.

Cylinder deactivation (DEAC) - deactivates the intake and exhaust valves and prevents fuel injection into some
cylinders during light-load operation. The engine runs temporarily as though it were a smaller engine, substantially
reducing pumping losses.

Variable valve timing (VVT) - alters the timing of the intake valve, exhaust valve, or both, primarily to reduce pumping
losses, increase specific power, and control residual gases. Two forms: dual cam phasing (DCP) and coupled cam
phasing (CCP)

Discrete variable valve lift (DVVL) - increases efficiency by optimizing air low over a broader range of engine operation
which reduces pumping losses. Accomplished by controlled switching between two or mere cam profile lobe heights.
Continuous variable valve lift (CVVL) - is an electromechanical or slectrohydraulic system in which valve timing is
changed as lift height is controlled. This yields a wide range of performance aptimization and volumetric efficiency,
including enabling the engine to he valve throttled.

Digital valve actuation (dVA) — involves electromagnetic or electrohydraulic actuation of engine intake and exhaust
valves, allowing for potential elimination of camshafts and associated efficiency losses. This provides greater
independent control of cam phasing and lift for improved optimization of engine cperation.

Stoichiometric gasoline direct-injection technology {SGDI) - injects fuel at high pressure directly into the combustion
chamber to improve cooling of the air/fuel charge within the cylinder, which allows for higher compression ratios and
increased themmodynamic efficiency.

Turbocharging and downsizing (TBDS) - increases the avaiiable airflow and specific power level, allowing a reduced
engine size while maintaining performance. Engines of this type use gasoline direct injection (GDI) and duai cam
phasing. This reduces pumping losses at lighter loads in comparison to a larger engine.

Turbocharging and downsizing with cooled exhaust-gas recirculation {(EGR) - addilional charge dilution reduces the
incidence of knocking combustion and obviates the need for fugl enrichment at high engine power. This allows for higher
boost pressure and/or compression ratio and further reduction in engine displacement and both pumping and friction
losses while maintaining performance. Engines of this type use GDI and both dual cam phasing and discrete variable
valve lift. The EGR systems considered in this assessment would use a dual-loop system with both high and low
pressure EGR loops and dual EGR coolers. The engines would also use single-stage, variable geometry turbocharging
with higher intake boost pressure available across a broader range of engine operation than conventional turbocharged S|
engines.

Diesel engines - have several characteristics that give reduced CO; emissions and lower fuel use. including reduced
pumping losses due to lack of (or greatly reduced) throttling, and a combustion cycle that operates at a higher
compression ratio and with a very lean air/fuel mixture relative to an equivalent-performance gasoline engine. This
technology requires additional enablers, such as a NOx adsorption catalyst system or a urea/ammaonia selective catalytic
reduction system for control of NOx emissions during lean (excess air) operation. Faor purposes of this technical
assessment, due to insufficient time, we have not included advanced diesel engines in our modeling scenarios. This dces
net mean that the agencies do not see a role for diesels in the future fleet since we fully expect some manufaciurers will
rely on diesels as part of their future strategy.

Transmission efficiency technology: Transmission technologies are fundamental in
efficiently transferring engine torque at variable speeds to the wheels. In terms of
overall vehicle efficiency, transmission technology is also critically important in allowing
the operation of the engine in its lowest fuel consumption operating points more
frequently. More gears (perhaps up to 8-speeds or more), closer gear ratio spacing,
and optimized controls that put and keep transmissions and engines within their optimal
speeds all offer increased vehicle efficiency for lower CO, emissions. Dual-clutch
transmissions allow essentially the same efficiency as manual transmissions by
eliminating torque converter losses and allowing faster shifting between gears, including
the pre-selection of gears.

- Page 105



Table [ll-A-4-4, Transmission efficiency technologies investigated for potential CO,
reduction

Improved automatic transmission controls (IATC) - optimizes shift schedule to minimize fuel use and CO, emissions
under wide ranging conditions, and minimizes lcsses associated with torque converter slip through lock-up or modulation.
Six-, seven-, eight-and nine speed automatic transmissions - the gear ratio spacing and transmission ratios are
optimized to enable the engine to operate in a more efficient operating range over a broader range of vehicle operating
conditions. While a six speed transmission application was most prevalent for the 2012-2016 final rule, eight speed
transmissions are expected to be readily available and applied in the 2017 through 2025 timeframe.

Dual clutch or automated shift manual transmissions (DCT) - are similar to manual transmisstons, but the vehicle
controls shifting and launch functions. A dual-clutch automated shift manual transmission uses separate clutches for
even-numbered and odd-numbered gears, so the next expected gear is pre-selected, which allows for faster and
smoather shifting.

Continuously variable transmission (CVT) - commonty uses V-shaped pulleys connected by a metal beit rather than
gears to provide ratios fer operation. Unlike manual and automatic transmissions with fixed transmission ratios,
continuously variable transmissions can provide fully variable and an infinite number of transmission ratios that enable the
engine to ope¢rate in a more efficient operating range over a broader range of vehicle cperating conditions.

Manual 6-speed transmission (6MAN) - offers an additional gear ratio, often with a higher averdrive gear ratio, than a 5-
speed manual transmissicn.

High-efficiency gearbox (HEG) - improves the mechanical efficiency of transferring torque from engine to axle(s).

Hybrid efficiency technology: Hybrid technology includes the use of stop-start
capability, electric machines (with motor-assist and electric generator braking
capability), and increased vehicle battery electric storage capability to dramatically
improve vehicle efficiency. Hybrid technologies offer the potential for far more efficient
use of fuel on-board the vehicle through the elimination of engine idling, reduction of
fuel consumption during deceleration, reduction of acceleration power requirement
through launch assist, and the recovery of vehicle energy losses through regenerative
braking during deceleration. These energy-saving mechanisms are dependent on
system controls that can allow for optimal utilization of the engine and/or transmission
within certain engine operating zones. A number of hybrid architectures have emerged,
ranging from simpler stop-start systems with some amount of launch assist, to parallel
systems with one motor-generator and one or two clutches, to power-split systems with
two or more electric machines.
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Table lll-A-4-5. Hybrid system technologies investigated for potential CO, reduction

12-volt micro-hybrid {(MHEV) - also known as idle-stop or start-stop and commenly implemented as a 12-valt belt-driven
integrated starter-generator, is the most basic hybrid system that facilitates idle-stop capability. This system replaces a
common alternator with a belt-driven high-power starter-alternator, a revised accessory drive system, and an additional
battery.

Highar Voltage Stop-Start/Belt Integrated Starter Generator (BISG) - provides idle-stop capability and uses a higher
voltage baltery with increased energy capacity over typical automotive balteries. The higher system voltage allows the
use of a smaller, more powerful electric motor for increased launch, power assist, and regenerative braking capability.
P2 Hybrid {(P2HEV)} - uses a transmission integrated electric motor placed between the engine and a gearbox or CWT
used fo decouple the motorftransmission from the engine. In addition, a P2 Hybrid would typically be equipped with a
larger electric machine. Engaging the clutch allows all-electric operation and more efficient brake-energy recovery.
Disengaging the clutch allows efficient coupling of the engine and electric motor and, when combined with a DCT
transmission, reduces gear-train losses.

2-mode hybrid (2MHEV} - is a hybrid electric drive system that uses an adaptation of a conventional stepped-ratio
automatic transmission by replacing some of the transmission clutches with two electric motors that control the ratio of
engine speed to vehicle speed, while clutches allow the mofors to be bypassed. This improves both the transmission
torque capacity for heavy-duty applicaticns and reduces fuel consumption and CO2 emissions at highway speeds relative
to other types of hybrid electric drive systems. 2-mode hybrids have not been considered in this assessment.
Power-split hybrid (PSHEV) - a hybrid electric drive system that replaces the traditional transmission with a single
panetary gearset and a motor/generator. This motor/generator uses the engine to aither charge the battery or supply
additional power to the drive motor. A secand, more powerful motor/generator is permanently connected to the vehicle's
final drive and aiways turns with the wheels. The planetary gear splits engine power between the first motor/generator
and the drive motor fo either charge the battery or supply power to the wheels. Power-split hybrids have not been
considered in this assessment.

Electric drive technology: Electric-drive vehicle technologies, including plug-in hybrid
electric, electric, and hydrogen fuel cell, offer the most dramatic potential for CO;
reduction. These technologies offer the potential to fundamentally eliminate
thermodynamic and other efficiency losses that are inherent to internal combustion
engines. These technologies also offer the prospect of decoupling vehicles from GHG-
intensive petroleum fuels — by utilizing electricity and hydrogen fuel sourced from a
variety of renewable and other low-GHG primary sources.

Table 1lI-A-4-6. Electric-drive technologies investigated for potential CO; reduction

Plug-in hybrid electric vehicles (PHEV) - are hybrid electric vehicles with the means to charge their battery packs from
an external electric source. These vehicles have larger battery packs with more energy storage and a greater capability
to be discharged than other hybrid electric vehicles. They also use a control system that aliows the battery pack to be
substantially depleted under electric-only or blended mechanical/eleciric operation and batteries that can be cycled in
charge sustaining operation at a lower state of charge than is typical of other hybrid electric vehicles.

Battery Electric vehicles (BEV) - are vehicles with all-electric drive and with vehicle systems powered by energy-
optimized batteries charged primarily from grid electricity. BEV's with several ranges of 75-, 100-, and 150-mile real-world
range have been included.

Fuel cell alectric vehicles (FCVs) - utilize a full electric drive platform but consume electricity generated by an on-board
fuel cell and hydrogen fuel. Fuel cells are electro-chemical devices that directly convert reactants (hydrogen and oxygen
via air) into electricity, with the potential of achieving more than twice the efficiency of conventional internal combustion
engines. High-pressure gaseous hydrogen storage tanks are used by most automakers far FCVs that are currently under
development. The high-pressure tanks are similar (but higher pressure) to these used for compressed gas storage in
CNG vehicles worldwide.

Air conditioning system technology: Air conditioning systems have GHG emissions
associated directly with their refrigerant and, indirectly, through air conditioning systems’
increased use of fuel in real-world vehicle operations. Improvements in air conditioning
systems are not evaluated as part of the primary city-highway test cycle procedure for
measuring CO, emissions. With similar provisions as in the current standards, the, air-
conditioning technologies in the proposed standards are to be credited according to a




design-based approach that grants credits (based on design criteria and engineering
data) for given systems. Air conditioning improvements are credited in three main
areas. The first involves increased efficiency air conditioning systems that reduce
“indirect” real-world CO; emissions when the air conditicning system is engaged to cool
the vehicle cabin. The second involves reduced leakage of the “direct” HFC-134a
refrigerant emissions through less permeable systems. Finally, switching the refrigerant
from its current HFC-134a (GWP=1430) to one with a lower global warming potential
(e.g., HFO-1234yf with GWP=4 or CO, with GWP=1) offers potential improvements and
GHG-reduction credits.

Table lll-A-4-7. Air conditioning system technologies investigated for potential CO,
reduction

Air conditioning efficiency (ACEff} — improve efficiency of air conditioning operaticn, for example, with externally
controlled compressor, air recirculation, blower controls. electronic expansion valves, improved evaporator and
condenser, oil separator. Technologies provided a system of credits as utilized in USEPA 2012-2016 rulemaking, up to
approximately 5-7 gCQO»e/mile for cars and trucks.

Air conditioning low refrigerant leak (LowLeak) — reduces leakage of refrigerant HFC-134a emissions with changes,
such as low-permeability hoses and low-leak seals and connectors, as measured through SAE International’s J2727
standard and USEPA calculation method. Technologies provided a system of credits as utilized in USEPA 2012-2016
rulemaking, up fo approximately 6-8 gCO.e/mile for cars and trucks.

Low global warming potential refrigerant replacement (GWP) — replaces conventional refrigerant HFC-134a
(GWP=1430) with lower global warming potential refrigerants such as HFO-1234yf (GWP=4), CO, (GWP=1), HFC-152a
(GWP=124). Technologies are provided a system of credits as utilized in USEPA 2012-2016 rulemaking, up to
approximately 14-17 gCOz¢/mile for cars and trucks.

Combined Benefits: The combined benefits of the various CO,-reduction technologies
must be evaluated synergistically in order to accurately account for their interactions on
vehicles through various driving conditions. The past ARB staff 2009-2016 rulemaking
leveraged the vehicle simulation modeling work of AVL (see NESCCAF, 2004). -This
regulatory development technical work utilizes the assessment of technology
effectiveness from the USEPA and NHTSA 2012-2016 rulemaking and new 2010-2011
vehicle simulation work of Ricardo. The regulatory technical work incorporates the
state-of-the-art Ricardo data into an updated version of the USEPA Lumped Parameter
modeling tool that includes emerging technologies and better incorporates their
synergies per the new Ricardo results.

The Ricardo (2011) vehicle simulation study analyzed six different light-duty vehicle
classes: subcompact car (Toyota Yaris), standard car (Toyota Camry); large car
(Chrysler 300); small sport utility vehicle (Saturn Vue); large multi-purpose vehicle
(Dodge Grand Caravan); and large truck (Ford F150). The technologies incorporated in
the Ricardo medeling include most of those listed in the above tables. ARB technical
staff collaborated with USEPA and Ricardo on the project in 2009-2010 to ensure the
study explored the boundaries of engine,-transmission, and hybrid technologies within
the 2020-2025 timeframe.

The Ricardo data makes a number of improvements over all previous vehicle simulation
modeling efforts for the context of this rulemaking in terms of technical rigor, technology
relevance, technology timing, and technology data quality. The rigor of the Ricardo
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model is reflected by Ricardo’s existing ongoing work with automotive companies to
study potential efficiency and CO, improvement as multiple technologies are
synergistically appiied to vehicles. The technical underpinnings of the model are well
validated, having received advanced engine maps from iab testing and proprietary work
with other automative clients. The Ricardo simulation incorporates the most relevant
emerging technologies to best reflect the likely technologies (e.g., valvetrain, fuel
injection, transmission) that will be applied to vehicles in the 2015-2025 timeframe,
whereas previous efforts tend to focus on vehicle technologies and data that are already
to some extent outdated, are not being deveioped by automakers, and/or are not
expected to be widely deployed in the 2025 timeframe. The Ricardo work also covers a
wider span of vehicle classes, technology configurations, performance characteristics,
and road load factors than previous such modeling efforts.

A number of key technical innovations in the Ricardo modeling made it superior to
similar previous work and the most relevant study for this proposed rulemaking.
Compared to previous work, the Ricardo study has included cutting-edge engine
technologies that have not otherwise been modeled comprehensively and
synergistically on new vehicles. Such technolegies include advanced turbocharged
downsized (at 18-, 24-, and 27-bar brake mean effective pressure [BMEP]) engines with
direct injection, as well as cooled exhaust gas recirculation. Other powertrain
technologies that were investigated with new simulation rigor include cam-switching,
digital valve actuation, dual-clutch transmissions, and stop-start technology. Beyond
these advanced powertrain technologies, the new Ricardo study added technical rigor
to its study of new parallel hybrid technology that involves a pre-transmission clutch
(that is similar to systems being deployed by Nissan, Hyundai, and Volkswagen).

The Ricardo results involved many thousands of simulations of various technology
configurations, across the vehicle classes, across vehicle cycles, including ability to
scale the various road load characteristics of the vehicles. A selection of the modeling
and analytical findings from the Ricardo vehicle simulation study are summarized here.
The study analyzed vehicle performance characteristics in order to selectively include
only technology configurations that offered constant (or improved) utility attributes (e.g.,
acceleration, passing, and grade performance). The Ricardo study explicitly
investigated emerging technoiogies that have the potential for widespread application
across model year 2020 models.

Ricardo advanced technology findings are compared with existing models in the
standard car, multi-purpose vehicle, and large truck classes in the figures below. Figure
[N-A-4-1 shows the standard car Ricardo results, as compared with the modeling
reference 2007 Toyota Camry. Several other existing models were added to the chart —
including two more recent models (2010 Toyota Camry, 2011 Hyundai Sonata with
turbocharging and direct injection) and three existing hybrids {Toyota Camry, Hyundai
Sonata, Ford Fusion — to show the span of more advanced existing technology. As
depicted, the advanced powertrain options {turbocharged downsizing, stoichiometric
GDlI, cooled EGR, DCT) and road load reduction technologies (aerodynamic, tire rolling
resistance, and mass-reduction improvements) have the potential to surpass existing

e Page 109



hybrid technology models with lower CO, emissions and greater efficiency. As
compared with the reference 2007 Toyota Camry, the Ricardo results suggest that
advanced non-hybrid technology can achieve a 50% CO; reduction and hybrid
technology could achieve a 60% CO, reduction. Staff notes that the following three
figures that are based on Ricardo modeling resuits show the vehicle efficiency,
measured as miles per gallon of gasoline consumed for comparison with values
presented by Ricardo; these energy-to-CO; relationships do not incorporate the effects
of other regulated GHG emissions (as are assessed below).

Figure Ill-A-4-1. Ricardo (2011) mid-size sedan results versus existing models
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The Ricardo results exhibited similar technology potential findings for the muiti-purpose
vehicle class, as shown in Figure lll-A-4-2. From the reference 2007 Dodge Grand
Caravan, substantial CO; reduction potential was found with the utilization of engine,
transmission, and road load reduction technologies. For example, with the application
of a state-of-the-art turbocharged downsized direct injection engine, an 8-speed dual-
clutch transmission, and vehicle load reductions, CO, reduction of 48-51% is achieved.
These non-hybrid powertrain efficiency impravements, as depicted in the figure, achieve
even lower CO, emissions than existing hybrid models (e.g., Ford Escape and Lexus
RX450h) that are currently the low-CO; leading technologies within the US light-duty
truck fleet. With diesel technology, the Ricardo results showed a potential for a 55%
CQO; reduction from the 2007 reference. With hybridization, the Ricardo results for this
multi-purpose vehicle class indicate the potential for a 58% CO; reduction.

Page 1 1 0 e e e e nemnm— s v



Figure lll-A-4-2. Ricardo {2011) small light-duty truck results versus existing models
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As for the above result for a standard car and multi-purpose vehicle, the Ricardo resuits
similarly showed high potential for very low CO, emissions within full-size light-duty
trucks. Figure llI-A-4-3 shows the reference 2007 Ford F150, two leading 2011 models,
and the Ricardo results for new powertrain and hybrid technology packages. From the
reference 2007 Ford F150, the application of cool EGR, turbacharged, downsizing direct
injection engine, an 8-speed dual-clutch transmission, and vehicle load reductions
results in CO; reduction of 46%. The GDI technology packages surpassed even the
existing low-CO; full-size truck (the Chevrolet Tahoe two-mode hybrid system). With
diesel technology, the Ricardo results showed a potential for a 52% CO, reduction from
the 2007 reference. With hybridization, the Ricardo results for this large truck class
indicated the potential for a 55% CO, reduction.




Figure [lI-A-4-3. Ricardo (2011) full-size truck results versus existing models
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In order to base the technology assessment across each vehicle model across the
entire new US vehicle fleet, the Ricardo results were utilized to further develop the
USEPA Lumped Parameter Model in order to accurately account for the impact of each
technology, independently as well as synergistically with other technoiogies across a
greater variety of vehicle types across the entire new vehicle fleet. Table IlI-A-4-8
illustrates the levels of CO; improvement that result from a selection of various
technologies. The results show the extent to which the technologies vary, in some
cases, from smaller car classes to larger trucks.
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Table lli-A-4-8. CO, reduction from individual technologies from 2008 reference

L Small Large
Area Technology Small | Mid-size light-duty | light-duty
car car truck truck
Engine Engine friction reduction : 3.5% 4.5% 3.4% 4.2%
technologies Cylinder deactivation - 6.1% 4.7% 5.7%
Discrete cam phasing (DCP) 4.1% 5.2% 4.1% 4.9%
Discrete variable valve lift (DVVL) 4.1% 5.2% 4.0% 4.9%
sGDI (18-bar, 33% downsize) 12.2% 14.2% 12.1% 13.6%
sGDI+DCP+DVVL (18-bar, 33% TDS) 14.9% 17.5% 14.8% 16.8%
¢EGR sGDI+DCP+DVVL (27-bar, 56% TDS) 21.4% 24.3% 21.2% 23.5%
Compression-ignition DCP diesel 19.8% 21.3% 19.1% 21.3%
Transmission Torque convertor lock-up 0.4% 0.5% 0.5% 0.5%
technologies Aggressive shift logic 2.0% 2.5% 1.9% 2.4%
High efficiency gearbox 3.3% 3.9% 3.8% 4.3%
Optimized shifting 5.2% 6.6% 5.1% 6.2%
6-speed automatic 1.8% 2.2% 1.7% 2.1%
8-speed automatic 8.5% 7.8% 6.8% 7.8%
Wet dual clutch 8-speed 9.7% 11.5% 10.5% 11.8%
Dry dual clutch 8-speed 10.3% 12.2% 11.1% 12.6%
Continuously variable 11.0% 6.3% 6.0% -
Vehicle load Low drag brakes 0.8% 0.8% 0.8% 0.8%
and accessory Secondary axle disconnect 1.2% 1.4% 1.4% 1.6%
technologies Electric power steering 1.5% 1.3% 1.2% 0.8%
Improved accessory efficiency 3.3% 3.0% 2 6% 3.5%
Mass reduction (-10% curb mass) 51% 51% 51% 5.1%
Mass reduction (-20% curb mass) 10.4% 10.4% 10.4% 10.4%
Tire low rolling resistance (-10% C) 1.9% 1.9% 1.9% 1.9%
Tire low rolling resistance (-20% C,) 3.9% 3.9% 3.9% 3.9%
Aerodynamics (-10% CsA) 2.2% 2.3% 2.3% 2.3%
Aerodynamics (-20% CA) 4 7% 4.7% 4.7% 4.7%
Hybrid system 12V stop-start 8.1% 6.8% 5.6% 6.5%
technologies High-voltage belt-alternator system 7.4% 7.6% 6.8% 8.0%
Parallel hybrid (23-40 kw) 34.3% 34.6% 32.8% 31.9%
Reference Test weight (Ib) 2625 3625 4000 6000
vehicle Rated power (hp) 106 158 169 300
characteristics Rated torque (ft-Ib} 103 161 161 365

Notes: All potential COZ2 improvements are from 2008 US baseline technology based on the combined US test procedure (55%
UDDS, 45% highway), sGDI= stoichiometric gasoline direct infection; DCP=dual carn phasing, DVVL=discrete variable valve
lift; TDS = turbocharged downsize; cEGR= cooled exhaust gas recirculation; DCT = dual clutch transmission

The technologies and their associated percent CO,; improvements shown above are
generally not simply additive. Generally combining any two technologies listed tends to
be less than the simple sum of the two CO, potential values because of the ways that
the two technologies can both impact the same fundamentat physical energy efficiency
losses through the various vehicle systems (e.g., valvetrain, fuel injection,
thermodynamic engine efficiency, transmission, etc). Directly built upon the Ricardo
vehicle simulation modeling results, the USEPA Lumped Parameter model incorporates
technologies’ system interaction effects when technologies are jointly implemented.
The analysis involved from the Ricardo results to the Lumped Parameter modeling is
described in detail in the federal agencies’ Technical Support Document (USEPA and
NHTSA, 2011c).

EPA’s modeling involved the analysis of many dozens of technologies configured into
technology packages across each of the different vehicle classes. The modeling
resulted in varying complexity that ranged from the reference 2008 baseline technology,
to many incremental engine and transmission package steps, to advanced hybrids and
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electric-drive technologies. The technology package “walk-up” of technologies was
separately analyzed for each of the 19 USEPA vehicle classifications that range from
subcompact cars to large full-size trucks.

Figure 11l-A-4-4 shows a representative progression of powertrain efficiency technology
for the mid-size car (USEPA’s vehicle class #5). The vehicle class includes mainstream
mid-size cars like the Toyota Camry, Ford Fusion, and Honda Accord and has a 3.3-liter
V6 baseline engine. This is the one of 19 USEPA vehicle classes that most closely
relates to the average US fleet characteristics (average gram COx/mile, curb weight,
vehicle footprint size, etc). This vehicle class has an average 2008 CO, emission ievel
of 336 gram COz/mile (compared to the California 2008 baseline of 336 gCO,/mile and
the US 2008 fleet's 339 gCOz/mile). Moving down in the figure shows the incremental
addition of more efficiency technology from the baseline. The first step involves a
cluster of technologies that includes a 6-speed dual clutch transmission, engine friction
reduction, low-drag brakes, aggressive shift logic, improved accessory efficiency, high-
efficiency gearbox, 10% reduced aerodynamic drag, 10% reduced tire rolling resistance,
5% mass reduction, and an improved air conditioning system. This first step, referred to
as the primary package, is included on all the gasoline efficiency technology packages
that are to the right of it in the figure.

Figure lll-A-4-4. Technology packages for GHG emission reduction from mid-size car
(each successive package moving right includes applicable previous technologies)

2008 haseline i
P

300 - ;

..3 : 2016 target :
: (L 110 B Rl el ittt
-5
| £ 0 2025
Cnd torget
58 e o TR -
o B 150 ¢
i !
(L) t
i 100
!
soﬁ:
i
ol . -
& o > z ) N x B
< "’é} ‘f-’@ & \‘g’p & ‘0"?\ 'Obb & Oé\b & é\b
& e g F Y & F S & 9§
E R AN R CARR S NS N A SRS
RIS S E S s FoE
W < [ Av & - < xS w ] S =4
y 9 & & N & & R CO
.-,,?J Q/b‘ @E’ ).(S- *_f} ¥ 6@ g@ b& d A2 Ql'\b &
g & £ & @ & & & S F &
<F q‘g- & & & E’b ) & -b\‘ Ny &
A S g N
N & Ky “\Q' .‘\0 )
& & & o ~& Y
o & OF F ¥ &
R o S & Jo &
%4 S & ) F @
Q
A S A
m“‘- o & ®
3 & *
'3‘6 "Q
&
&

Page 114



Adding incrementally to the primary technology package, the CO, reductions are shown -
with the addition of increasingly advanced technology. The addition of an 8-speed dual
clutch (from a 6-speed), downsized turbocharging with an 18-bar BMEP engine, lower
rolling resistance tires, and lower aerodynamic drag resuits in a package that delivers a
CO: emission level of 188 gCOe/mile that is beneath the approximate 2021 target of
201 gCOze/mile. Subsequent GHG reduction steps of air conditioning improvements
(for maximum potential 18.8 gCO,e/mi car credit) achieved 169 gCQO.e/mile, and the
use of cooled exhaust gas recirculation or a diesel engine would bring the midsize
sedan’s emission level down to 156 gCO,e/mile, which is below the 2025 overall target
emission level of 166 gCO.e/mile. Further CO; reductions beyond the 2025 target
tevels — useful both for offsetting higher GHG vehicles and for potentially more stringent
standards after 2025 — include greater amounts of mass reduction, hybrid, plug-in
hybrid electric, electric, and fuel cell technology. Future California GHG intensity for
electricity and hydrogen are assumed for electric and fuel cell vehicles, as described in
section HILA.5.3.

The full data tables with the CO, reduction potential from the various technology
packages for each of the 19 vehicle classes are shown in Appendix Q.

4.3. Incremental Costs of Technologies

Following the technical vehicle simulation modeling efforts, extensive new technical
work was conducted by the agencies to analyze the incremental costs of the CO,-
reduction technologies. This regulatory development work utilizes and builds upon the
previous work from the technical analysis of the 2012-2016 USEPA and NHTSA
rulemaking (USEPA and NHTSA 2009a; 2009b), the joint agency TAR assessment
(USEPA, NHTSA, CARB, 2010), and the development toward proposed federal 2017-
2025 standards (USEPA and NHTSA, 2011b; 2011c).

In past rulemaking developments, generally there has been reliance upon cost
estimations from confidential business infarmation from automakers, suppliers, and
various other automotive industry estimations. As described by the National Academy
of Sciences (2010), “Available cost estimates are based on a variety of sources:
component cost estimates obtained from suppliers, discussions with experts at
automobile manufacturers and suppliers, pubiicly availabie transaction prices, and
comparisons of the prices of similar vehicles with and without a particular technology...
Estimates based on the more rigorous method of teardown analysis would increase
confidence in the accuracy of the costs of reducing fuel consumption.” The agencies
have followed this guidance and sought to support their cost estimation with best
available technical cost data, including teardown analysis of the major CO,-reduction
technologies.

As part of the federal 2012-2016 rulemaking and in continuing efforts since then in the
joint-agency-TAR work, use of the comprehensive teardown cost method has been
demonstrated. In a series of studies done under contract for the USEPA, FEV
Engineering, Inc. has conducted detailed and transparent analyses on the costs of
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variable valve engine technologies, turbocharged downsized engines with direct
injection, 6-speed transmissions, dual clutch transmissions, belt-alternator system mild
hybrids, power-split and parallel hybrid (including motors, braking, air conditioning,
batteries, power electronics, etc). These data from the various analyses include
detailed breakdowns of all the components and materials from each of the technologies
and provides strong technical data support for the technology cost estimations for this
rulemaking. These FEV data (see FEV 2009, 2010, 2011) were utilized along with the
agencies’ direct input from suppliers and automakers to estimate the direct
manufacturing cost of the applicable technologies. Through various communications
with automakers, ARB staff has received strong validation of the technology cost data
used in this analysis across the various powertrain technologies.

To incorporate how the regutation could have cost impacts that go beyond the increase
in direct costs from the manufacture of new automotive technologies, indirect cost
multipliers ({CMs) are utilized. The ICM framework was originally developed by a
contractor for USEPA (Rogozhin et al, 2009; 2010) in order to delineate the relative
impacts of the various indirect cost components (e.g., overhead, warranty, R&D,
depreciation, corporate overhead, marketing, dealer profit). The resulting ICMs reflect
changes with the introduction of new technology from the regulation in the short-term
and long-term based on complexity of the technology integration on the vehicle. The
framework had been further developed for the 2012-2016 rulemaking and the joint-
agency TAR, and has been further refined for this regulatory analysis (also see USEPA
and NHTSA, 2011c).

The ICMs used in this analysis are summarized in Table I1I-A-4-9. The ICMs are
multiplied by the direct manufacturing cost to approximate the full incremental price
increase from the regulation. As shown, the ICMs increase with technology complexity,
but decrease when going from short- to long-term. Maost incremental engine,
transmission, and vehicle technologies are in the “Low” and *"Medium” categories, and
therefore are marked up 24-39% in the shorter term and 19-29% in the longer term.
More advanced technologies (e.g., mass-reduction greater than 20%, hybrid, and
electric) have larger {CM factors of 1.50 and above. This ICM framework was
analytically developed based on incremental gasoline efficiency technology, and ARB
staff continues to study the appropriate ICM values for advanced electric-drive vehicles
to be used in the future. For example, a report by the National Research Council
indicates that HEVs and plug-in hybrid electric vehicle technologies should only apply
mark-up factors of 1.33 (NRC, 2011), and battery electric vehicles tend to have less
integration complexity than HEVs and plug-in hybrid electric vehicles and could likewise
be well below our conservatively assumptions.
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Table 11i-A-4-9. Summary of indirect cost multipliers utilized in assessment

Complexity

Indirect cost multiplier®

Short-term

Long-term

Applicable technologies

Low

1.24

1.19

Low rolling resistance tires, variable valve timing, engine friction reduction,
tow-friction lubrication, downsize, 6-speed, aggressive shift logic, terque
convertor lock-up, improved accessory efficiency, electronic power
steering, electro-hydraulic power steering, low-drag brakes, aerodynamics
(10%), mass reduction (5%, 10%)

Medium

1.38

1.29

Dual-clutch transmission (wet, dry), 8-speed transmission, continuously
variable transmission, cylinder deactivation, dual cam phasing, discrete
valve lift, aerodynamics (20%), 42-volt accessory, stop-start, mass-
reduction (15%, 20%), turbocharged downsizing, gascline direct injection,
lean-burn gasoline, diesel (LNT, SCR), continuous cam phasing,
continuous valve lift, cooled exhaust gas recirculation

High 1

1.56

1.35

Mass reduction (25%, 30%), hybrid (powersplit, parallel), plug-in hybrid -
(nen-battery costs), electric vehicle charger, fuel cell vehicle

High 2

1.77

1.50

Plug-in hybrid battery, electric vehicle battery, electric vehicle non-battery

* ICM factors shown are approximate; the factors invalve two separate components (warranly and non-warranty); see USEPA
and NHTSA, 2011¢

The resulting incremental price increase, including the direct manufacturing cost plus
the indirect cost mark-up, for individual technologies are shown in Table Ill-A-4-10. As
shown, many of the technology costs scale differently from the smaller vehicle car
classes to the larger light-duty truck classes. Also, generally the higher cost

technologies listed in the table are associated with larger potential CO; reductions, as
illustrated in the summary table above. These summary costs for individual
technologies are used in sections below, where the technologies are buiit up into many
different packages for each of the vehicle classes.
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Table HI-A-4-10. Incremental vehicle price increase in year 2012 for CO;-reduction

technologies
. Small Large
Area Technology Small | Mid-size | jgnt.duty | lightduty

truck truck

Engine friction reduction 124 182 182 240

Engine Cylinder deactivation - 214 214 241
technologies Discrete cam phasing (DCP) 104 104 224 224
Discrete variable valve lift (DVVL) 178 259 259 368

sGDI (18-bar, 33% downsize) 305 305 305 458
sGDI+DCP+DVVL (18-bar, 33% TDS) 578 578 578 974
cEGR+sGDI+DCP+DVVL (27-bar, 56% TDS) 1445 1445 1445 2435
Compression-ignition digsel (with aftertreatment) 3261 3994 3268 4569

Torque convartor lock-up 33 33 33 33

Aggressive shift logic 36 36 36 36

High efficiency gearbox 282 282 282 282

Transmission Optimized shifting 38 38 38 38

technologies 6-speed automatic -11 -11 =11 -11

8-speed automatic 77 77 77 77

Wet dual ¢clutch 8-speed 52 52 52 52

Dry dual clutch 8-speed -20 -20 -20 -20

Continuously variable 243 284 284 -

Low drag brakes 73 73 73 73

Secendary axle disconnect Q 0 0 108

Electric power steering 121 121 121 121

Vehicle load Improved accessories 158 158 158 158

and accessory Mass reduction {-10% curb mass) 94 108 125 171
technologies Mass reduction {-20% curb mass) 417 482 552 756

Tire low rolling resistance (-10% C,) 7 7 7 7

Tire low rolling resistance (-20% C,) 72 72 72 72

Aerodynamics {-10% C,A) 54 54 54 54

Aerodynamics (-20% CzA) 234 234 234 234

Hybrid system 12V stop-start 573 850 650 713
technologies High-voltage belt-alternator 2358 2497 2497 2774
Parallel hybrid (23-40 KW electric motor size) 4408 4997 4824 5174
Reference Test weight (Ib) 2625 3625 4000 6000
vehicle Rated power (hp) 106 158 169 300
characteristics Rated torque (ft-Ib) 103 161 161 365

Notes: All potential incremental prices are in 2009 doilars and are from 2008 US baseiine technology and include indirect cost
multipfiers for warranty, overhead, research and development, profit, etc; prices are for year 2012, and therefore time- and
volume-based learning reduced incremental prices from 2012 through 2025 are not included; sGDI= stoichiometric gasoline direct
injection; DCP=dual cam phasing; DVVL=discrete variable valve lifi, cEGR= cooled exhaust gas recirculation; DCT = dual clufch
transmission; in uitimate technology packages, alf technologies are considered aiong with other technofogies in the table

Because some of the technologies that were considered in the rulemaking also went
beyond the engine, transmission, and hybrid technologies to examine the future state of
emerging electric plug-in vehicles, further data beyond that from teardown analytical
work were required. To model the future costs of advanced battery packs for plug-in
hybrid and full electric vehicles, battery cost estimates relied on modeling from US
Department of Energy Argonne National Laboratory (Santini et al, 2010; Nelson et al,
2011). Because the emerging battery technologies have different power and energy
characteristics, the agencies utilized the Argonne battery model to analyze the specific
technical characteristics of the hybrid, plug-in, and electric vehicles across the various
vehicle classes. The agencies applied the Argonne model estimates for battery packs
with fithium manganese spinel cathodes and graphite ancdes. Per peer-reviewer
feedback on the ANL cost modeling and further agency consideration with feedback
from industry suppliers, additional active thermal management and safety disconnect
equipment were added, thereby increasing the plug-in hybrid electric vehicle and battery
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electric vehicle battery pack costs from the TAR generally by roughly 40-70%.
Commonly battery costs are reported as the cost per rated kilowatt-hour (kWh) of
energy storage capacity. For this assessment, the battery pack direct manufacturing
costs are estimated to be $200-250/kWh for battery electric vehicles, $300-400/kWh for
plug-in hybrid electric vehicles and $550-700/kWh for HEVs in 2025. In addition,
external residential electricity charging equipment was included in the final cost for piug-
in hybrid electric vehicle and battery etectric vehicle technology.

Although the available GHG credit provisions for improvements in air conditioning
systems are optional, it is expected that they will be widely utilized by the automakers
for compliance with the 2017-2025 standards. Table lll-A-4-11 summarizes the
estimations of technology costs associated with the available air conditioning system
crediting mechanisms. Staff projects that the major compliance path will be to deploy
air conditioning system efficiency technologies for maximum “indirect” credit, plus low-
leak technology and substitution of the alternative refrigerant (i.e., HFO-1234yf) at a
total marked-up price of $132 per vehicle in 2025, for an average total air conditioning
credit of 21 gCOx/mile (18.8 for cars and 24.4 for trucks). The crediting system is a
flexibility mechanism, and therefore automakers could choose different approaches,
perhaps using less of any of the three air conditioning crediting provisions.

Table lli-A-4-11. GHG credits for air conditioning systems and incremental price

COz credil (9COze/miley | MOBRETE o100y
Car Truck LDV ° In 2016 In 2025
Air conditioning efficiency 5.0 7.2 59 $61 $50
Low-leak improvements 6.3 7.8 6.9 $20 $17
Alternative refrigerant 13.8 17.2 15.1 $101 $65
Projected depfoyment
(A(_‘.J effic. + Ic?w}ileak + alternative refrig.) 188 24.4 21.0 $132

Light-dity vehicle average based on projected 61% car, 39% truck mix in 2025
® Low-leak and altemative refrigerant credits are not directly additive (see Appendix R)

Cost learning effects for all technolagies are incorporated in order to consider the
trajectory of costs for future years. The assessment utilizes both volume- and time-
based learning effects. The volume-based leaming is included only for relatively new
technologies in earlier years, whereas time-based learning is generally considered at
3%l/year cost reductions (newer technologies) down to 1%/year (mature technologies in
the longer-term). These assumptions for learning are consistent with assumptions
applied in the US EPA 2012-2016 rulemaking (US EPA and NHTSA, 2010) and the
joint-agency TAR (USEPA, NHTSA, CARB, 2010).

The analysis on technology package CO, potential, technology costs, and indirect cost
mark-up factors are brought together in incremental price - CO, data files for each of the
19 vehicle technologies. These vehicle price versus CO, reductions become the basis
for analyzing the maximum technology capability for given levels of cost for each vehicle
class, and therefore these serve as the critical inputs to analyze standard stringency
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levels and potential compliance scenarios for the fleet as a whole for each of the
affected automakers.

Figure 11l-A-4-5 shows a representative walk-up in price with incremental additions in
CO; reduction technology for a mid-size sedan {vehicle class 5 out of 19). The data in
the figure show the progression from the lowest cost technologies to more advanced
technologies with higher costs. The first package of technologies includes engine
friction reduction, a 6-speed dual-clutch transmission, low-drag brakes, aggressive shift
logic, improved accessories, electric power steering, high-efficiency gearbox, reduced
vehicle loads (10% lower aerodynamic drag, 10% lower tire rolling resistance, and 5%
mass reduction). From the primary package, moving up and to the right in the figure
shows the addition of 8-speed transmission, downsized turbocharged GD! engine,
further load reduction, air conditioning technologies, and more advanced technologies.
Note that hybrid, plug-in hybrid, electric, and fuel cell technologies have higher costs
and higher potential CO; reduction-and are not represented in the chart (although they
are shown in Figure Ill-4-A-4-7 below). '

Figure IlI-A-4-5. Vehicle CO, reduction and incremental price with additional
technologies from 2008 baseline for mid-size car (Vehicle class 5 out of 19)
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Figure IlI-A-4-6 shows the increasing price with incremental additions in CO; reduction
technology for a large truck with a baseline 5.7-liter V8 engine with overhead valves and
4-speed transmission (vehicle class 13 out of 19). Many of the engine, transmission,
and vehicle load technologies are similar to the above car. However, there are a
number of differences for this truck class from the car class above. For example, the
truck utilizes an 8-speed automatic instead of dual-clutch transmission, would receive
greater air conditioning credit, and deploys more GHG reduction technologies before
switching to a turbocharged, downsized engine. Note that hybrid technology for this
package is greater than $5000 and is similarly not represented in the chart, The
agencies have studied plug-in hybrid and full electric vehicle technologies for larger
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body-on-frame truck classes but did not inciude these technologies in the final analysis
for these larger trucks due to uncertainties about total cost and full utility functioning
{electric drive technologies were however included in crossover truck classes). The full
lists of technology packages, vehicle price, and CO, potential for the 19 vehicle classes
are shown in Appendix Q.

Figure lll-A-4-6. Vehicle CO; reduction and incremental price with additional
technologies from 2008 baseline for full-size truck (Vehicle class 13 out of 19}
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The two above technology figures for the mid-size car and a full-size truck focused on
incremental engine, transmission, and vehicle technologies that are the most prominent
near-term technolegies for complying with 2017-2025 standards. To show a more full
spread of the advanced technologies, the following Figure IlI-A-4-7 illustrates the
technology, CO,-reduction, and incremental price for two smaller car classes (USEPA
classes 1, 2, and 4) that are more likely to see hybrid, electric, and fuel cell deployment
in the 2025 timeframe. The figure shows similar incremental technologies to thase
above, but it also shows parallel hybrid technology at about $4,000, plug-in hybrid
technology at about $9,000-$14,000, fuel cell technology at $8,000-$11,000, and full
battery electric technology at about $10,000-$15,000 over the baseline 2008 vehicle.
Note that, in this figure, plug-in vehictes are shown according to their projected future
California electricity GHG emissions for the extent to which they are powered by grid
electricity. Similarly, the fuel cell vehicles are shown according to their projected
upstream GHG emission rate (e.g. including emissions from hydrogen production from
natural gas and renewable sources) per existing and proposed California fuel policy, as
described in greater detail below.
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Figure 1l-A-4-7. Vehicle CO, reduction and incremental price with additional -
technologies from 2008 baseline for small to mid-size cars
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The resuits of the joint agency assessment indicated that hybrid technology and
electric-drive technologies would continue to remain at high costs for some time. ARB
staff believes ultimately that these projected advanced technology costs are
conservative (i.e., actual costs may be lower), as they are limited by our current
understanding of a number of immature in-development technologies that are rapidly
evolving compared to the incremental efficiency technologies. As one potential
indicator of the inherent conservatism of these estimates, there are many hybrid and
diesel vehicles in the market with incremental prices (versus their comparable
conventional gasoline versions) that are considerably less than the incremental prices
applied in this assessment of 2020-2025 technologies. In addition, ARB staff continues
to investigate the ways in which electric vehicles could have much lower indirect cost
multipliers than conventional supplier-sourced gasoline efficiency components.
Conservatively, electric-vehicle components are estimated here to have indirect cost
multipliers of 1.50 to 1.77, whereas the National Research Council (NRC) suggests that
a more accurate indirect muitiplier for such battery-heavy technologies could be more
like 1.33 (NRC, 2011). Due to the relatively small current numbers of these relatively
new technologies, staff believes that these conservative assumptions are justified at this
time. :

4.4. Lifetime Cost of Technologies to Vehicle Owner-Operator

As part of the technology cost assessment, all of the technology packages have been
examined with respect to their lifetime impact on vehicle owners. Table IlI-A-4-12
summarizes details for 2025 incremental price, consumer lifetime savings, benefit/cost
ratio, and consumer payback period for technology packages for the mid-size car with a
V6 engine (USEPA class #5). This vehicle class is shown here to provide a

e Page 122 Y



representative summary of vehicle class in the middle of the fleet (by footprint size,
engine size, and CO; emissions). As shown in Table llI-A-4-12, there are 12 different
technology packages that result in somewhere between 30% and 52% CO, reduction
from the 2008 baseline, that deliver consumer benefits that are ieast 5 times higher than
the original vehicle cost, and that pay for themselves within the first two years of the
consumer’s purchase (i.e., payback period). To highlight an example from the table, the
technology package that includes turbocharged, downsized gasoline direct injection
engine, 8-speed dual-clutch transmission, and vehicle load reduction technologies
(improvements of 20% aerodynamic drag, 20% low rolling resistance tires, 10% mass
reduction); results in 44% lower CO, emissions; has an increased 2025 price to
consumers of $1,431 (from 2008); returns lifetime consumer savings of $11,761; offers
8.2 times greater benefits than costs; and delivers a payback period in the first year.
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Table Ill-A-4-12, Summary sample technology package effectiveness, price, lifetime
savings, payback period for mid-size vehicle versus 2008 baseline technology

GHG Increm Increm Increm | Lifetime Consumer
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basetine | 2012 2020 2025 savings {years)
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O o DOT pomone: ASL2 ACC.ERS, Aerot LRRTY, | 5730, | s782 |  se7e |  se27 | s7.283 | 116 1
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f,‘ég?;gp"“égf Ffrzﬁ)é?a?'s':ﬁgé?%?fhizg ABOZ LRRT2. | yo6w | $1.825 | $1491 | $1.367 | $11341] a3 1
;\ég,o;gpl,l‘égiizbé?a?’sﬁﬁlbzé?(ig% 5':;; Aeroz, LRRTZ, 442% | $1,915 | $1.562 | $1.431 | $11761) .82 1
:’,‘ég?;g;%gﬁ%‘s‘fg’sﬁ"E:,Z'C'TA_(;S% [i';fs' Aeroz, LRRT2, 45.8% | $2,004 | $1.717 | $1.566 | $12,187| 78 1
e e P e R e R I
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ry oy Vi v ton stz oz o e e [ evo [ sraer | sareo| same| sl 01 | 3
ﬁ‘ég,o.g’c;cp',“bgfi’é’tgiﬁié'éﬁﬁ?fgipﬁgffmz‘ LRRTZ, 478% | s5659 | S4573 | 4,181 | $12731| 3.0 3
EV75 mile, IACC2, Aero2, LRRT2, EPS, 20% mass 91.7% | $29,835 | $15.554 | $12,579 | $19.304| 15 7
EV100 mile, IACCZ, Aero2, LRRT2, EPS, 20% mass 91.7% | $34,198 | $18,903 | $14,314 | $19304] 13 9
A A e ey oty gy et s IR
PR Er 08 iz v et s | o | snosun | e | wveow | same| 12 | v
EV150 mile, IACC2, Aero2, LRRT2, EPS, 20% mass 91.7% | $48,556 | $26.545 | $19.851 | $19.304| 1.0 18
FCV, IACC2, Aerc2, LRRTZ, EPS, 10% mass 78.2% | $64,885 | $16.282 | $14,357 | $14,029] 1.0 16

Notes: Assumptions for lifetime consumer savings, benefit/cost ratio, and payback period include median vehicle lifetime for cars
of 14 years, 186,000 miles; fuel prices from California Energy Commission {e.g., $4.02/gallon gasoline in 2025); 5% discount rate;
on-road consumer fuel consumption per mile is 25% greater than regulatery test-cycle values; air conditioning credits that would
be worth about 18.8 gCO.e/mile at about $132/vehicle are not shown; $0.15/kWh for electric vehicles; $6 per kilogram hydrogen
for fuel cell vehicle; 2020 California primary energy sources are assumed for electric and fuel cell vehicles.
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Although the full summary of technology packages for the 19 vehicle classes is shown
in Appendix Q, an illustrative selection of CO-reduction packages that corresponds
approximately with the proposed standard stringency levels is shown in Table IlI-A-4-13.
The table x shows example technology packages that deliver an approximately 50%
CO.e emission reduction from a 2008 reference technology for four different vehicle
classes. Technology comparisons against a projected 2016 fleet are made below when
compliance scenarios are analyzed. Across the four classes the technology package
that is shown is quite similar. All involve turbocharged, gasoline direct injection, 8-
speed transmissions, load reduction technologies (from 10-20% reductions in mass,
aerodynamics, and tire rolling resistance), improved accessory efficiency, and low-CO.e
air conditioning technologies. Each of the listed technologies achieves benefits in
consumer savings that are between 4.7 and 7.4 times greater than the initial price
increase for the technology, and the consumer payback period of each package is
within 2 years.

Table lll-A-4-13. Example of technology packages for 50% GHG-reduction for four
different vehicle classes

Small car Mid-size car Midsize truck Large truck
USEPA class 2 5 8 13
. . Base: 2.4L 4V Base: 3.3L 4V 3.7L-2V SOHC
Baselme engine DOHC 14 DOHC V6 V6 5.7L 2V OHV V8
Baseline Test cycle CO;
2008 {gCO./mi) 238 336 390 448
technclogy Honda Civic; Honda Accord, . .
Example models Chav Malibu, Toyota Camry, Sgéd 'E;l?ter' gnfgr;—jgoe’ Chev
Hyundai Elantra | Ford Fusion P ¥
4V DOHC 14, EFR2, | 4V DOHC 4, EFR2, | 4V DOHC I4, EFR2, | 4V DOHC 14, EFR2,
LDB, ASL2, IACC2, | LDB, ASL2, IACC2, | LDB, ASL2, JACC2, | LDB, ASL2, IACC2,
Technology EPS, Aero2, LRRT2,| EPS, Aero2, LRRT2,| EPS, Aero2, LRRTZ,| EHPS, Aerc2, LRRTZ,
package HEG, DCP, GDI, HEG, DCP, GDj, HEG, DCP. GDI, HEG, DCP, GD!, SAX,
TDS18, 8sp DCT, TDS18, 8sp DCT, TDS24, EGR, 8sp TDS27, EGR, 8sp AT,
2% mass 10% mass DCT, 10% mass 10% mass
Test cycle CO;
(9CO,/mi) 139 188 217 242
Test cycle CO, o 9
reduction from 2008 42% 44% 44% 46%
Example of | Air conditioning
technology | credit (gCOze/mi) 18.8 8.8 24.4 24.4
for 2025 Regulatory GHG
(gCO,e/mi) 120 169 192 218
GHG reduction after o o o
AC credit 50% 50% 51% 51%
Incremental price
versus 2008 (8) 1,645 1,563 2,103 2,730
Lifetime savings”
versus 2008 (5) 7,871 11,7641 15,320 18,256
Benefit/cost 4.8 7.5 7.3 6.7
Consumer payback
period (years) " 2 ! 2 2

# A 2008 technology baseline is used for vehicle simulation modeling, cost estimations; further below, in comphance
assessment, fulure scenarios are compared against a model year 2016 baseline that is more appropriate as a ‘no new
policy” reference that includes standards through 20786.

Consumer impacts based on 5% discount rate, fuel prices from 2011 CEC forecast (s.g., $4.09/gallon gasoline in 2025),
California median vehicle lifetime (186,000, 14 years for car; 234,000 17 years), real world on-road fuel efficiency is lower
than that calculated for CAFE.
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4.5. Summary

This section 1l1l.A.4 reported on Staff's investigation into available CO;-reduction
technologies, their associated incremental prices and potential fuel savings to
consumers. The findings from this assessment reveal that there are wide-ranging
technology options available to automakers to reduce the CO; emissions of vehicles in
the 2017-2025 timeframe. Many of the technologies are already well known today and
are beginning to emerge within new vehicle introductions. Many of the technologies are
more advanced, involving cutting edge technology innovation by automakers. Many of
the technologies for CO; reduction will be combined in packages to deliver substantial
CO:; reduction in new vehicles that amount to between 30% and 55% from 2008
technology levels. For comparison, the 2016 standards would result in an approximate
25% CO- reduction from 2008 reference, so the technologies investigated would go far
beyond the emission levels required for the 2016 standards. These levels of CO;
reduction typically represent payback periods of 1-3 years for vehicle purchasers
because of the emerging relatively low-cost engine, transmission, and vehicle load
technologies. Hybrid technologies typically result in 50-60% CO, emission reduction
from each vehicle class at higher costs. Plug-in electric and fuel cell technology will
continue to offer the lowest CO; emissions of all, but typically at a greater price
premium. In nearly every case of the technology packages investigated, the benefits of
the new technologies offer consumer benefits that outweigh their initial technology
costs, often well within the average first vehicle purchaser’s ownership and several
times over during the vehicle’s life.

5. CLIMATE CHANGE EMISSION STANDARDS

The establishment of GHG standards from the technicai work outlined above involved a
collaborative process between the technical staffs of the USEPA, NHTSA, and ARB.
The collaborative standard-setting process allowed the agencies to set standards that
simultaneously met the agencies’ respective statutory authorities and rulemaking
procedures.

5.1. Determination of Maximum Feasible Emission Reduction Standard

The proposed standards involve continuing use of footprint-indexed CO»-standards that
are part of the federal 2012-2016 standards, a structure that is justified on both
technical and regulatory consistency grounds. The technical basis for footprint-indexed
standards is well established in the USEPA and NHTSA (2009) rulemaking (and
NHTSA'’s previous rulemakings) for its benefits in promoting all known CO; reduction
technologies, accommodating fluctuating consumer demands for vehicle size and
classes, and protecting fleet diversity across the wide array of different products that
automakers market. ARB staff finds the existing non-footprint-indexed California 2009-
2016 standards are valid on account of their more certain emission reduction outcome;
however, for regulatory continuity with the federal 2012-2016 standards and their
above-stated benefits, it was critical that the same footprint-indexed regulatory design




be applied. Because compliance with the federal 2012-2016 standards will be deemed
as sufficient for compliance with California’'s GHG standards for those model years and
because of the federal US-California collaboration on issuing joint standards, the
standard design with separate car and truck footprint-indexed standard lines was
maintained.

The footprint-indexed CO; standard target lines for 2017-2025 were determined jointly
by the three agencies in order to meet the agencies’ regulatory requirements that
include the agencies’ criteria regarding technical feasibility and cost-effectiveness. ARB
staff were guided by the overarching ARB aobjectives from AB 1493 (Chap. 200, Stats.
2002) remains to “develop and adopt regulations that achieve the maximum feasible
and cost-effective reduction of greenhouse gas emissions” such that the standards are
“Economical to an owner or operator of a vehicle, taking into account the full life-cycle
costs of a vehicle.” In addition, AB 32 (Chap. 488, Stats. 2006) instructs staff to adopt
measures “to achieve the maximum technologically feasible and cost-effective {GHG]
reductions.” Among the agencies’ considerations in their analyses were the technical
feasibility (across the various vehicle types and sizes), statutory provisions of the
agencies (e.g., different treatment by NHTSA of air conditioning credits), company
competitiveness, relative cost-effectiveness across vehicle sizes and types, risks of
eroded GHG program benefits from consumer trends, risks of eroded GHG program
benefits from strategic vehicle reclassification by vehicle manufacturers, and the
potential market shifting effects on fleet safety.

The primary technical data that was utilized in the standard-setting process was the
vehicle simulation modeling of technology packages that includes many of the engine,
transmission, and vehicle technologies (as discussed in the previous section) that are
projected to be widely available by the 2025 timeframe. The vehicle technologies that
were applied to vehicle models in the standard-setting analysis inciuded downsized
turbocharged engines, gasoline direct injection, 8-speed transmissions, vehicle load
reduction (aerodynamics and low-rolling resistance tires), improved and more efficient
accessories, engine friction reduction, and transmission shift optimization. The
technology packages used in the analytical development of the footprint-indexed curves
in the standard-setting process did not include diesel, hybrid, plug-in, electric, or fuel cell
technologies. (Note, however, that the analysis of the various companies’ strategies to
comply with the footprint-indexed standards does conS|der deployment of these
technologies. See section 111.A.5.4, below).

Throughout the footprint target line-fitting analysis, many dozens of approaches were
analyzed. Among the approaches different statistical regression methods were used to
discern the relationship between future vehicle technologies’ CO, and vehicle footprint.
Also various normalization techniques were considered to adjust for particular vehicle
attributes, such as a models’ relative power and mass, as the agencies considered
various advanced vehicle technology packages. The general process involved starting
from the baseline 2008 vehicle fleet, adjusting for the introduction of projected

~ mainstream 2025 CO;-reduction technologies, statistically analyzing the data for the
CO.-to-footprint (gCO,/mile/ft?) relationships, then mathematically adjusting the curves
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proportionally up or down depending on the targets’ overali stringency. Ultimately, the
ordinary least squares regression method, the most widely used statistical line-fitting
technique, was applied to best approximate the physical relationship between models’
CO: and footprint. The data were weighted according to their vehicle sales, in order to
best reflect the true consumer-demanded distribution of vehicles according to various
sizes, technologies, and classes. Finally, vehicle models’ density (mass divided by
footprint) was normalized in setting the footprint-indexed curves, as a means to adjust
for relative differences in the models’ mass-efficiency. The overall logic behind these

- decisions was to discern the true engineering-based CO,-to-footprint refationship for
2017-2025 target curves across all vehicle models by applying widely recognized
statistical techniques to incorporate variance in the fleet.

The above steps were used to define the slopes of the curves. Further detail on the
standard-setting development can be found in the federal agencies’ Technical Support
Document (USEPA and NHTSA, 2011¢c). The movement of the slopes to set the overall
year-by-year stringency targets for car and trucks was determined through staff analysis
and discussions with automakers In the analysis, consideration of auto companies’
current and future year product plans for compliance with the 2012-2016 program
standards, as well as the companies’ stated capability within the first several years of
the 2017-2025 program. The final step in determining the precise stringency of the
footprint-indexed car and truck standards was accounting for information shared
between the regulatory agencies and the automobile manufacturers, applying the
agencies’ historical expertise in standard-setting.

Figures III-A-5-1 and IlI-A-5-2 provide graphical illustrations of the proposed footprint-
indexed GHG standards. Also shown in the figures are the baseline model year 2008
car and truck models. Based on staff projections for the 2025 new vehicle fleet, the car
and truck models will need to, on a weighted average, reduce their GHG emissions by
about 51% from 2008 levels to comply with the standards. The 2008 emission level is
utilized here and above as a technology reference for all of the technology effectiveness
calculations by the three agencies, because it is the most comprehensive dataset for
which all data (e.g., sales, footprint, CO, emissions for every model) are well
characterized. Compliance with the already-implemented model year 2016 standards is
expected to result in a 25% reduction from the 2008 reference CO; level. The 2025
GHG emission target is projected to result in a 34% reduction from the model year 2016
GHG emission level. Generally the car CO; standard target curves move downward —
i.e., become more stringent — at approximately 4.9%/year from the 2016 target line to
the 2025 target line. The truck CO; standard target curves move downward at
approximately 3.5%/year through the 2016-2021 pericd and about 5%/year from 2021-
2025. These annual percent improvements are approximate, based on staff projections
for future vehicle sales. '
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Figure Ili-A-5-1. Model year 2017-2025 car GHG standard target lines
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Figure IlI-A-5-2. Model year 2017-2025 light-duty truck GHG standard target lines
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The actual standards for each automaker are determined by target standard lines for
the sales-weighted average of their vehicle fleet, as defined by particular mathematical
ceefficients for car and trucks and for each model year. The standard target lines for
model years 2017-2025 in the figures are represented by the following mathematical
expression:

Target gCOx/mife = min{min(b, max(a,cx+d),min(f max(e,gx+h))))

The only unknown in the expression is x, which is the vehicle footprint (wheelbase times
average track width), measured in 2. Coefficients a through h for cars and trucks for
model years 2017-2025 are shown in Table |[-A-5-1 below.
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Table IlI-A-5-1. Standard-determining coefficients for model year 2017-2025 car and light-
duty truck GHG standards

Coefficient 2016 | 2017 | 2018 | 2019 [ 2020 | 2021 [ 2022 | 2023 | 2024 | 2025

Cars a | Min (gCOy/mile) 206 | 1947 | 1849 | 1753 | 166.1 | 157.2 |150.2 |143.3 |136.8 [130.5
b { Max (gCOz/mile} 277 | 2827 | 250.1 238 | 226.2 | 214.9 |205.5 [196.5 |187.8 |[179.5

¢ | Slope (gCO/mifth 4.72 4.53 4.35 4.17 4.01 384 | 369 354 34| 3.26

d | Intercept (gCOy/mi) 12.7 8.92 6.54 4.2 1.89 | -0.38 | 112 ]-1.83 | -2.52 | -3.17

e | Min (gCOy/mile), ceiling 2034 | 201.9 | 200.4 | 1989 | 197.4 [197.4 [197.4 |197.4 1974

f | Max (gCOy/mile), ceiling 274.4 277 | 2785 280 | 2815 | 283 | 283 | 283 | 283

g | Slope (gCO/mit%), ceiling 4.72 4.72 4.72 4.72 472 | 472 | 472 | 472 | 4.72

h | Intercept (9CO2/mi), ceiling 10.1 8.6 71 5.6 4.1 4.1 4.1 4.1 4.1

Trucks | al Min (gCQO./mile) 247 | 238.1 | 226.8 | 2195 | 211.9 | 1954 | 1857 |176.4 [167.6 | 155.1
b [ Max (gCO./mile) 348 | 347.2 | 341.7 | 3386 | 336.7 | 334.8 |320.8 [3056 | 291 |2771

c | Slape (gCO/mifY) 4.04 4.87 4.76 4.68 4.57 428 | 409 | 391 | 3.74 | 3.58

d [ Intercept {(gCO/mi) 81.1 ] 38.28 | 31.62 | 2768 | 2464 19.8 [17.85 |15.98 [14.21 [12.51

e | Min (gCO,/mile), ceiling 2464 | 2409 | 237.8 | 2359 234 | 234 | 234 | 234 234

f | Max (gCOx/mile), ceiling 3474 | 3419 | 338.8 | 336.9 335 | 335 | 335 | 335 335

g | Slope (gCO/miftY), ceiling 4.04 4.04 4.04 4.04 404 | 404 | 404 | 404 | 4.04

h [ Intercept (aCO./mi), ceiling 80.50 75.0 71.9 70 68.1 | 68.1 | 681 | 68.1| 68.1

To calculate each automaker's fleet GHG target, first the GHG target for each test
vehicle is calculated from the above formula and coefficients. A car model uses the car
coefficients, and trucks use the truck coefficients. The above figures illustrate the GHG
standards that result from the calculations for each model year and for the two vehicle
categories. For example, a car below 41 ft? would get the minimum standard target
(i.e., the lower, left flat part of the line), a car above 56 ft* would get the maximum
standard target (i.e., the higher, right flat part of the line}, and the rest of the car models
would get a GHG target based on the linear CO-ft? relationship between 41 and 56 ft*,
as defined by the formula. Calculating the truck model targets would follow the same
logic. As shown by the target lines, each model at a given footprint gets a more
stringent target in each successive model year.

From all of the test vehicles’ individual GHG targets, the sales-weighted average of the
gCO./mile standard targets for each automaker, for each model year (i.e., 2017-2025),
determines the standard. For compliance, each automaker's sales fleet in a given year
is to have a sales-weighted gCO./mile that is below their sales-weighted gCO,/mile
target. Due to sales-weighting of the model-by-model results, a compliant fleet can
have many particular models that are below the target line (i.e., generating credits) and
many other models above the line (i.e., generating deficits). As a result of this process,
the precise gCOe emissions/mile standard for each company is not definitively known
until the final sales for that model year is known {e.g., this can be as late as April 2012
for model year 2011 sales). Within the 2017-2025 standards, banking (5-year credit
carry-forward, 3-year credit carry-back to cover past deficits) and trading (between car
and truck categories, between companies) are permitted.

5.2. Determination of Effect of Standard on the Fleet
The potential effect of the standards on the fleet, and on individual companies, is

analyzed based on the previous section’s assessment of available technologies, their
potential COz-emission reduction, and the associated technology costs. The first step in
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estimating the potential compliance costs for automakers in achieving the required CO;
emission reductions involves the determination for each of the automakers particular
gCOa/mile targets for each model year of the standards based on the footprint-indexed
standards. In other words, the GHG standard is calculated separately for each
automaker for each model year based on the footprint size of its sales fleet. Then the
potential compliance costs are evaluated by applying additional GHG-reduction
technology to bring the fleet into compliance with incrementally lower GHG standards in
future years.

Table 11I-A-5-2 shows the CO; target standards based on the California 2008 baseline
fleet, the projected 2016 CO; targets based on federal standards, and the projected
2025 CO; target for each company based on their mix of cars and trucks for the
proposed footprint-indexed standards. As summarized in the figure, the already
adopted 2016 standards would reduce the CO; emissions from the fieet by 25% from
2008 to 2016 (with a range of reductions 19% to 39% for the given automakers). The
proposed 2025 standards would reduce COse emissions from the fleet by 34% from
2016 to 2025.

Table IH-A-5-2. Summary of projected GHG targets and reductions for 2016 and 2025
standards

GHG emissions (gCOze/mile) Reduction in GHG emissions
Company 2008 baseline | 2016target | 2025 target | Srgciom | Shange from
BMW 335 235 151 30% 35%
Chrysler-Fiat 363 260 1771 28% 34%
Ford 385 264 178 1% 33%
General Motors 372 274 184 26% 33%
Honda 296 240 157 19% 35%
Hyundai-Kia © 309 238 155 23% 35%
Jaguar-Land Rover 447 274 184 39% 33%
Mazda 310 235 152 24% 35%
Mercedes 368 252 165 31% 34%
Mitsubishi 313 228 146 27% 36%
Nissan 329 248 164 25% 34%
Spyker 354 230 148 35% 36%
Subaru 341 265 .169 25% 34%
Suzuki 338 237 " 155 30% 35%
Toyota 304 248 163 19% 34%
Valvo 377 248 163 34% 34%
Volkswagen 328 226 148 3% 35%
All 336 251 166 25% 34%

Figure 11I-A-5-3 shows the progression of the highest volume manufacturers’ GHG
emission targets from 2016 through 2025 based on each company’s fleet mix by
category and footprint. As illustrated, the footprint-indexing of the GHG standards
ultimately results in different effective standards for each automaker depending on their
fleet mix. The seven automakers with projected sales fleets with the smallest average
footprint have GHG emission targets of 146-155 gCOqe/mile, whereas the four largest-
footprint companies would have targets of 171-184 gCOe/mile. Also resulting from the
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footprint-indexing of the standards, the total obligated emission reduction, by percent,
from each automaker is quite similar — ranging from a 33% to a 36% GHG reduction.

Figure llI-A-5-3. Projected GHG emission targets for high-volume auto manufacturers
from 2016-2025
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5.3. Other Greenhouse Gas Emission Crediting Provisions

A number of provisions that account in part for driving conditions beyond the customary
city-highway drive cycle tailpipe emission testing are provided within the proposed
2017-2025 MY standards. The air conditioning {(A/C) credit provisions that offer up to
18.8 gCOze/mile for cars and 24.4 gCO,e/mile for light-duty trucks were mentioned
above in section |Il.A.4.4 and are described in detail in Appendix R. These A/C
crediting provisions would be available for prescribed technologies with credit amounts
for improved A/C efficiency (indirect credits), and lower leak refrigerant systems and
afternative refrigerants (direct credits). The A/C credit opportunities, although optional,
are highly cost-effective and expected to be widely utilized by automakers for
compliance with the fleet average standards based on staff communication with
automakers and the supplier industry companies involved in the manufacture of the
technologies.

For the Pavley and federal 2012-2016 MY standards, ARB and USEPA, respectively,
used differing methodologies for quantifying the GHG emissions from A/C and thus
differing credit schemes. However, for the 2017-2025 MY standards, ARB staff is
proposing to align with the USEPA approach as it would provide a consistent program
nationwide as well as regulatory continuity across the federal 2012-2016 MY and
federal 2017-2025 MY regulations that California proposes to continue accepting. The
proposed regulation would also incentivize employment of leakage reduction
technologies for A/C systems that use a refrigerant with a GWP of 150 or less (low
GWP refrigerant), which would help maintain A/C performance and efficiency by
keeping proper refrigerant charge level, and would reduce the need for and therefore
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potential of consumers recharging low GWP refrigerant A/C systems with less
expensive and higher GWP HFC-134a.

Table Ili-A-5-3 shows the maximum credit available to manufacturers for applying
various classes of A/C technology improvements. To quaiify for A/C direct credits, an
automobile manufacturer would need to conduct an engineering evaluation that
demonstrates that the A/C system is designed to limit refrigerant leakage. A larger
direct credit may be earned if the manufacturer uses an alternative, low GWP,
refrigerant. In order to qualify for indirect credits, automakers would need to
demonstrate that their efficient A/C systems can provide CO, reductions commensurate
to the amount of indirect credits allowed. As described in detail in Appendix R, the A/C
Idle Test currently in place for the 2012-2016 MY regulation does not measure the
benefit of several efficiency technologies. In addition, vehicles with efficient, downsized
engines have difficulty passing the test even when equipped with A/C efficiency
technologies. Because downsized engines are likely to be used by manufacturers as a
compliance pathway for the fleet average GHG standards, in order to maintain program
flexibility, ARB staff is proposing to replace the A/C Idle Test requirement with a
requirement based on a new performance-based efficiency test, the AC17. The AC17
is true performance-based efficiency test, the AC17, which may be used as an alternate
test aption to qualify for indirect A/C credits. This true performance-based test that
evaluates all types of efficiency technologies over “real-world” driving conditions, and as
such, is preferred over the current A/C Idle Test, which is limited in its ability to evaluate
A/C efficiency technologies and represents only idle conditions (estimated at 13.5% of
driving conditions).

Table IlI-A-5-3. Maximum credits available to manufacturers

Max Credit

. Emission ;
/
Refrigerant Reduction Strategy (gCOze/mi)

Cars | Trucks
Low Leak 6.3 7.8
HFC-134a | Improved Efficiency 5.0 7.2
Total 11.3 15.0
Low GWP 13.8 17.2
Low GWP [ Improved Efficiency 5.0 7.2
Total 18.8 24.4

The proposed AC17 test procedure was developed in concert with USEPA and US
automakers, and contains the following elements: a unified dynamometer driving
schedule (UDDS or LAS2) preconditioning cycle, a period of solar soak (30 minutes), an
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air conditioning test (SC03) drive cycle to evaluate emissions during the initial cool-
down of the vehicle, and a highway fuel economy test (HFET) drive cycle to evaluate
GHG emissions during steady state operation of the MVAC system and relatively steady
state driving conditions. Performing these test elements under moderate temperature
and humidity test cell conditions atlows the efficiency of the whole MVAC system,
including solar control, to be measured. For vehicle models that manufacturers are
seeking to earn A/C efficiency credits, the AC17 test would be conducted to validate
that the performance and efficiency of a vehicle’s A/C technology is commensurate with
the level of credit that is being earned. To determine whether the efficiency
improvements of these technologies are being realized, the results of an AC17 test
performed on a new vehicle model would be compared to a “baseline” vehicle that does
not incorporate the efficiency-improving technologies. The baseline vehicle would be
defined as one with characteristics that are similar to the new vehicle, only not equipped
with efficiency-improving technologies (or they are de-activated).

Thus, for this rulemaking ARB is proposing to require that automobile manufacturers
use the AC17 test procedure to demonstrate the effectiveness of their A/C efficiency
technologies. Although USEPA wili be seeking comment on the AC17 test in the Notice
of Proposed Rulemaking for their 2017-2025 MY light-duty Greenhouse Gas Program
that may result in some minor changes to the test procedure, staff believes that the
basic procedure is sufficiently complete for ARB to propose it as a replacement for the
Idle Test beginning in 2017, as a prerequisite for generating efficiency credits. Staff
proposes that the LEV lII/GHG regulatory proposal, as part of the Advanced Clean Cars
rulemaking package, be finalized with the final federal AC17 test procedure and credit
qualification requirements, provided these are substantially similar to that described
herein and in Appendix R. ARB staff anticipates that USEPA will incorporate the AC17
test and associated requirements if the 2017-2025 MY rulemaking is finalized as
scheduled in 2012, at which time the finalized federal regulatory language, as modified
for California, would be subject to additional public comment before being incorporated
into the finalized LEV IIlI/GHG rule. If the finalized federal regulatory language cannot
be incorporated into California’s LEV III/GHG rule before it is finalized, ARB staff
proposes that AC17 test procedure as currently proposed in the “California 2015 and
Subsequent Model Criteria Pollutant Exhaust Emission Standards and Test Procedures
and 2017 and Subsequent Model Greenhouse Gas Exhaust Emission Standards and
Test Procedures for Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles”
(Appendix D) be used to qualify for efficiency credits, with the final federal test
procedures possibly being incorporated into LEVIII through a subsequent Board action
in order to promote harmonization within the national program.

Alternative fuel vehicles: ARB staff is proposing to credit electric- and hydrogen-
powered vehicles according to their incremental emission impact from California-
specific low-GHG upstream energy sources that are most likely in the timeframe of the
regulation. Advanced electric-drive vehicles, including plug-in hybrid electric vehicle,
battery electric vehicle, and fuel cell electric vehicle technology, can be driven primarily
or entirely without tailpipe CO, emission emissions. Their associated GHG emissions
are, instead, upstream from the vehicle at primary energy processing facilities, at
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electricity generation plants, and throughout the fuei and electricity distribution network.
In order to structure the GHG program for the long-term for a diversity of vehicle fuel
types, the regulation proposes the implementation of standards that incorporate the
relative GHG emissions from battery electric vehicle, plug-in hybrid electric vehicle, and
fuel cell electric vehicle technologies as compared to the conventional vehicles that
primarily utilize gasoline. The intent then is to establish straightforward performance-
based GHG emission provisions that accurately count the upstream emissions in a
technology-neutral way that provides industry certainty to plan for GHG requirements as
these more advanced ultra-low-GHG technologies enter the market.

Staff notes that its proposed crediting provision for battery electric vehicle, plug-in hybrid
electric vehicle, and fuel cell electric vehicle technology differs from the expected
federal USEPA GHG regulatory program, which ARB intends to deem as sufficient for
overall compliance. To accommodate this difference, staff is proposing two compliance
options: (1) an automaker chooses to comply directly with California's standards
including upstream accounting as specified here or (2) an automaker chooses to comply
with the federal USEPA standards; utilizes the federal accounting provisions for battery
electric vehicle, plug-in hybrid electric vehicle, and fuel cell electric vehicle technologies
in the federal standards; and receives the same federal accounting for these
technologies within the California reguiation.

Staff's non-zero-emission accounting for these technologies’ incremental upstream
emissions is justified for several reasons. Primarily, the ZEV regulation already requires
electric-drive vehicles in California, therefore obviating the need for special artificial
crediting incentives. In addition, ARB's proposed GHG crediting more accurately
depicts the science regarding known GHG impacts, more adequately sets the precedent
for a future with increasingly more alternative fuel vehicles for 2025 and beyond, more
assuredly protects against the environmental repercussions of foregone GHG emissions
allowed from battery electric vehicle emission incentives, and better continues ARB’s
objective in keeping its performance standards technology-neutral. In addition, this
accounting reflects California’s purpose and intent to evaluate and reduce ail GHG
emissions — beyond tailpipe CO; — from all principal phases of passenger motor vehicle
powering and use. Nevertheless, staff notes that accepting federal compliance (i.e.,
with federal upstream crediting incentives) remains valid, owing to the 50-state GHG
reduction benefit greatly outweighing the California-alone GHG standard compliance,
thus achieving additional emissions reductions benefiting California.

The ARB staff position on incorporating the incremental upstream emissions of electric
and hydrogen fuel ceil vehicles is further justified by several California-specific details
that are different from the national US situation. The greater deployment of these
advanced technologies in California fundamentally differentiates the State from the US
context. The California ZEV regulation as proposed for amendment mandates that over
10% of the new vehicle fleet be some form of battery electric vehicle, plug-in hybrid
electric vehicle, or fuel cell electric vehicle technology in 2025. In addition, California
has complimentary programs (e.g., Low Carbon Fuel Standard and Renewable Portfolio
Standard) that reduce upstream GHG emissions over time, rigorously track these
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emissions, and provide the basis for accurate GHG emissions accounting. According to
staff analysis below, for California’s relatively low-GHG electricity and hydrogen, these
ZEV-type vehicles will achieve very low GHG emission ratings and therefore would
naturally achieve substantially lower GHG emissions than any other known vehicle
technologies (e.g., hybrids) by a large margin without artificial incentives.

The GHG ratings for the three major electric-drive vehicle types involve several main
factors. First, automaker vehicle testing of these vehicles’ energy consumption
characteristics under the customary city and highway drive cycles is required. For
battery electric vehicles and plug-in hybrid electric vehicles, energy use is tested in
kilowatt-hours per mile. For fuel cell electric vehicles, energy consumption is measured
in kilograms of hydrogen per mile. Second, the energy consumption data are used to
calculate these vehicles’ relative GHG emissions, based on the projected future
California-specific energy mix and related upstream GHG emission impacts. The
upstream GHG factors are based on emission factors that are consistent with other
known California electric grid and hydrogen production technology and policy
developments for the 2020-2025 timeframe, to account for when these vehicle
technologies will be entering the fleet in larger numbers. To allow for industry certainty
in compliance planning, the upstream GHG emission factors are to be fixed for the
entire 2017-2025 period of the GHG regulations. The GHG accounting equations,
dgescribed below, that apply to these electric-drive technologies are conceptually
identical to those in the federal 2012-2016 GHG rulemaking (that would be used after
the initial federal incentives are utilized), but use California specific life-cycle GHG
factors.

The upstream electric vehicle factors are based on the expected 33% renewable
electricity mix in California, based on the implementation of 2011 California Senate Bill
2. The California grid is currently powered by an approximate 20% renewable energy
mix, and the future mix in the 2020 timeframe is expected to reach 33% renewable,
according to the in-development regulation of the California Public Utilities Commission.
The detailed technical work from that process is utilized here to determine a consistent
grid CO- emission rate (see EEE, 2010a; 2010b). From that analysis, the GHG
emissions from future electricity use on the California grid are found to be 226 gCO; per
generated kilowatt-hour. Upstream electricity emission factors to account for
powerplant fuel transportation, feedstock, and processing GHG emissions, as well as
electricity transmission and distribution efficiency losses, are taken from the Low
Carbon Fuel Standard (LCFS) analysis (CARB, 2009a). After inclusion of the primary
feedstock energy GHG emissions for powerplant (i.e., at 10% of overall electricity GHG)
from the powerplant and the transmission and distribution losses (i.e., of 8%), the
upstream electricity GHG factor is found to be 270 gCO.e/kWh (i.e., 226 * 1.10 7 0.92)
to deliver the electricity to a final vehicle user as measured at the electrical plug.

GHGEgy = (270 gCOe/kWh) * Eey —  Gupstream

The equation is used for both the city and highway drive cycles, and Egy is measured
directly from each cycle for each test vehicle of battery electric vehicle technology in
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units of kilowatt-hours per mile (per SAE J1634). The cycle resuits are combined (as for
all other vehicles) for 55% city and 45% highway driving. The Gpsteam factor is applied
to account for the reduction in weli-to-tank gasoline GHG emissions. This adjustment
factor effectively translates the lifecycle battery electric vehicle crediting into the
regulation that only accounts for the direct tailpipe, or tank-to-wheels GHG emissions.
Based on the LCFS lifecycle modeling of gasocline, upstream gasoline emissions are
equivalent to 2211 gCOze/gallon of gasocline, as compared to the direct tailpipe 8887
gCOse/gallon as used in the regulation. As a resuit the equivalent gasoline emissions
that are upstream can be calculated by multiplying the tailpipe GHG emissions by 25%
(i.e., the upstream gasoiine factor [2211], divided by direct exhaust factor [8887]). As in
the federal GHG 2012-2016 regulations, this upstream gasoline adjustment is indexed
to vehicles’ target GHG emission rate (as described above). For example, a battery
electric vehicie in California with a footprint of 42 ft* with a GHG emission target of 200
gCOz/mile GHG emission target would have an upstream gasoline adjustment factor of
50 gCOy/mile. In later years with lower GHG targets, the factor becomes lower (e.g., 40
aCOyz/mi for a 160 gCO,/mi target).

The GHG crediting of plug-in hybrid electric vehicles involves the measurement of
electricity consumption and direct tailpipe CO, emissions throughout the fuli range of
the vehicle (where it alternately uses grid electricity and consumes gasoline). Plug-in
hybrid electric vehicles use the same upstream electricity GHG factor as above for their
upstream electricity use during the regulatory test cycles. The fraction of their driving
percent that is attributed to electricity is to be set according to the SAE J2841 utility
factor, which indexes the fraction of efectric miles to the amount of daily miles. This
method results in a 20-mile all-electric plug-in hybrid achieving a utility factor of 0.40
and a 40-mile all-electric plug-in hybrid achieving a 0.63 utility factor, corresponding to
40% and 63% equivalent electric driving, respectively. The precise plug-in hybrid
testing procedures are more complex, involving the testing through successive city and
highway cycles, as described in ARB's hybrid testing procedures, and involve utility
factor calculations for each subsequent successive city and highway cycles.

For fuel cell electric vehicles, the GHG crediting involves the direct test cycle
measurement of hydrogen and the applicable upstream emission factors for hydrogen
delivered to California vehicle users. The upstream GHG factors for hydrogen fuel are
based on the expectation of 33% renewable hydrogen {(based on the proposed Clean
Fuels Outlet regulation, Senate Bill 1505 of 2006, and the ZEV program’s fuel cell
electric vehicle projections) and an upstream emission factor consistent with the Low
Carbon Fuel Standard (CARB, 2009b} accounting for hydrogen fuel. Staff projects that
with fuel cell electric vehicle deployment from the ZEV program, along with the
provisions of the Clean Fuels Outlet regulations proposed for amendment as part of this
Advanced Clean Cars package and SB1505, hydrogen will move to 33% renewable
sources within the 2017-2025 timeframe. As a result, the LCFS-derived GHG
emissions factor for 33% renewable hydrogen of 9,132 gCOze/kilogram hydrogen is
applied to the rulemaking’s crediting of fuel cell electric vehicles. As above for electric

;ﬁﬁﬁ_m-_._.“ [ S Page 137 e



vehicles, the fuel cell electric vehicle crediting equation includes the gasoline upstream
adjustment factor to bring the lifecycle GHG crediting into the tank-to-wheel GHG
standard. The GHG rating for fuel cell electric vehicles is calculated as follows, based
on the hydrogen consumption (Hrcy) in kilograms of hydrogen per mile.

GHGFCV = (9732 gCOze/kg Hz) * HFCV - Gupstrearn

In order to provide context for the proposed GHG crediting of battery electric vehicle,
plug-in hybrid electric vehicle, and fuel cell electric vehicle technologies, approximate
GHG emission ratings for three currently available models are shown here. Included
are three example vehicles: an battery electric vehicle at 0.24 kWh/mile (simitar to a
Nissan Leaf); a plug-in hybrid electric vehicle with 0.25 kWh/mile, a 0.63 utility factor,
and 177 gCO./mile exhaust emissions (similar to a Chevrolet Volt); and a fuel cell
electric vehicle with 87 miles per kilogram hydrogen (similar to a Honda FCX Clarity).
The GHG crediting of these hypothetical vehicles is shown in Table [lI-A-5-4. As shown
all three vehicles would achieve GHG ratings that would give them substantial emission
reductions within the GHG crediting framework for California described above, even
after factoring in the reduced GHG of all conventional vehicles against which the three
vehicles are being compared. The GHG ratings for these current electric-drive vehicle
models would be 80-93% below current 2008 technology, 73-91% below 2016
technology, and 69-89% below 2020 technology, respectively. Further efficiency
improvements from these current electric-drive technologies (e.g., low rolling resistance
tires, mass-reduction, improved aerodynamics, improved accessory loads, low-GHG air
conditioning systems), would result in greater percent GHG effectiveness than the
reductions shown here when compared to conventional gasoline vehicles.

Table Ill-A-5-4. Example GHG emission rating from electric-drive vehicles

Direct Reduction in GHG
i Ired! emissions versus average
EIECtnc Uti]ity COz Hydrogen GHG rating new veh|c|e g
Technology energy use o use s
: Factor | emissions ; {gCOe/mi)
2008 2016 2020
Electric vehicle 0.240 - - - 23 93% 91% 39%
Plug-in hybrid electric o
vehicle (40-mile) 0.252 0.63 177 - 67 80% 73% 69%
Fuel cell vehicle - - - 87 65 81% 74% 70%

Notes: Upstream GHG emjssions based on California 2020 and beyond characteristics for electricity and hydrogen
production, and gasoline upstream adjustment, G psyesm, 0F 40 gCOZ/mi is assumed for avoided equivalent upstream gasoline
usagse; use of air-conditioning credits not inciuded; Average assumed new vehicle in California 336 gCOx/mile in 2008, 251
gCOFZmile in 2016, and 215 gCO»/mile in 2020

Off-cycle credit: ARB staff is proposing to adopt the same off-cycle crediting
provisions as USEPA at this time and revise, as needed, to maintain alignment with the
federal program in future years. The federal USEPA program developed off-cycle
crediting provisions for the 2012-2016 rules, and the provisions are being further
developed for the 2017-2025 program. The major modification for the 2017-2025
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regulations is to provide manufacturers with a list of pre-approved technologies for
which USEPA can quantify a default value that would apply (uniess the manufacturer
demonstrates to USEPA that a different value for its technology is appropriate). The
default values have been determined from the USEPA light-duty vehicle simulation tool,
based on state-of-the-art full-vehicle simulation modeling of the physical principles
throughout the various vehicle subsystems. The first application of the vehicle
simulation model has been peer-reviewed and published (Lee et al, 2011; USEPA,
2011), and the tool is publically available. Conceptuatly this is similar to the “menu-
driven” approach as utilized in the air conditioning provisions. Staff notes that the
amount of default GHG credit ailotted in these crediting provisions is conservative.

Similar to the air-conditioning credit provisions, these optional provisions can be used to
offset some tailpipe emissicns and thus provide additional fiexibility for achieving
compliance with the CO; standards. Any vehicle model or vehicle test family receiving
off-cycle credits from the various approved technologies can receive a maximum of 10
grams CO; per mile in credits. This accounting reflects California’s purpose and intent
to evaluate and reduce all GHG emissions — beyond tailpipe CO- — from all principal
phases of passenger motor vehicle powering and use. Through these off-cycle credit
provisions, ARB staff is also integrating vehicle thermal control innovations that had
formerly been considered in the Cool Cars rulemaking.

Table 11l-A-5-5 provides estimates for the GHG emission credits that are expected to
have default credit values. With these provisions, ARB staff acknowledges the
importance of off-cycle CO,-emission reductions that verifiably occur in real world
conditions but are not acknowledged in standard test-cycle CO, measurement.
Examples of these off-cycte technologies include active grill shutters that improve
aerodynamics at high vehicle speeds, solar panels that significantly offset accessory
electric loads and/or charge hybrid and electric-drive batteries, and solar control glazing
that reduces the load from air conditioning. ARB staff notes that these estimations for
available off-cycle crediting may be further refined after USEPA's final rulemaking in
2012.
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Table IlI-A-5-5. Estimates of off-cycle GHG credit from pre-approved technology

Carcredit | Truck credit
Technology (gCO,/mile) | (gCO,/mile)
High-efficiency headlights 1.1 1.1
Engine heat recovery 0.7 0.7
Solar roof panels 3.0 3.0
Active aerodynamic improvements 0.6 1.0
Engine stop-start 2.9 4.5
Electric heater circulation pump 1.0 1.5
Active tfransmission warm up 1.8 1.8
Active engine warm-up 1.8 1.8
Thermal control (e.g., solar centrol) and
Thermal comfort((e(t;g., ventilated séats) Upto 3.0 Upto4.3

Full-Size pickup truck technology: ARB staff is proposing to adopt the USEPA full-
size pickup truck incentive provisions. The full-size pick-up provisions provide special
emission-reduction credit for technology innovations on the largest of pickup trucks that
fall within the light-duty vehicle regulations, in order to facilitate the widespread
deployment of technolegies that are likely to otherwise remain in relatively smail
numbers. These full-size pickup crediting provisions have minimum truck capacity
criteria (i.e., minimum pickup bed dimensions and minimum payload requirements),
minimum company pickup truck penetration requirements, and technology-based
criteria. The provisions will have two technology types (hybrid and non-hybrid
performance-based) and two levels (10 and 20 gCO,e/mile). Of the four potential
mechanisms to receive the full-size pickup truck credits, no model can receive credit
under more than one of the mechanisms. The pickup truck definition and the four
applicable provisions are summarized in Table |lI-A-5-6.




Table 1lI-A-5-6. Summary of provisions for hybrid and performance-based fuil-size
pickup truck credits

Praovision Minimum qualifying criteria, conditions

+Minimum cargo bed width between the wheelhouses of 48 inches {defined by dimension
W202 in Society of Automolive Engineers Procedure J1100)

Full-size pickup truck | «Minimum cargo bed length of 60 inches (defined by dimension L505 in Society of Automotive

definition (for any Engineers Procedure J1100)

qualifying pickups) *Minimum towing capability (gross combined weight rating, minus gross vehicle weight rating)
of 5000 Ib; or minimum payload capability (gross vehicle weight rating, minus curb weight) of
1700 Ib.

« Satisfy full-size pickup truck definition (see above)

s Available for model years 2017-2021

«Maximum gCOz/mile of 15% below GHG target for given year and footprint

«Once test medel achieves credit for given model year, it can recasive credit in subsequent
years, pravided no increase in gCOy/mile

Perfermance-based
full-size pickup (10

9C0:/mi) «The level of gCOz/mile emission performance must be achieved on a minimum percent of all
the company's full-size pickup trucks sold in each model year that it is to receive credit: 15%
in 2017; 20% in 2018; 28% in 2018, 35% in 2020, 40% in 2021.
= Satisfy full-size pickup truck definition (see above)
= Available for model years 2017-2026
Performance-based =Maximum gCOx/mile of 20% below GHG target for given year and footprint
full-size pickup (20 *Once test model achieves credit for given model year, it can receive credit for four additional
gCO,/mi) model years (but not beyend model year 2025), provided no increase in gCOs/mile

»The level of gCO/mile emission performance must be achieved on at least 10% of all the
company's full-size pickup trucks sold in each modei year that it is to receive credit.

« Satisfy full-size pickup truck definition (see above)

*Minimum recovery of 15% of the theoretical available braking energy as electrical battery
energy (as determinad by vehicle test weight and A, B, and C test coefficients, and USEPA
equations for total net energy in to battery divided by total braking energy on FTP city cycle)

+Technology must be used on a minimum percent of all the company’s full-size pickup trucks
sold in each medel year that it is to receive credit: 30% in 2017; 40% in 2018; 56% in 2018,
70% in 2020, B0% in 2021.

+Satisfy full-size pickup truck definition (see above) i

*Minimum recovery of 75% of the theoretical available braking energy as electrical battery

Strong hybrid fuil-size energy (as determined by vehicle test weight and A, B, and C test coefficients, and USEPA

pickup (20 gCOz/mi) equations for total net energy in lo battery divided by tatal braking energy on FTP city cycle)

» Technology must be used on at least 10% of all the company's full-size pickup trucks sold in
each model year that it is to receive credit

Mild hybrid full-size
pickup (10 gCOx/mi)

N.O and CH,4 provisions: ARB staff is proposing to change the regulatory
requirements for CH4 and N»O emissions. In the Pavley 2009-2016 GHG regulation,
the standard was expressed as a CO,-equivalent, including the emissions of CO;,
refrigerant HFC, and CH4 and NO;. These last two GHG pollutants were assigned
default CO;-equivalent emission factors that automakers could accept and include in
lieu of separate certification testing for each test vehicle. As such these two pollutants
were included in the baseline and in future compliance as default values (unless
companies opted to submit measured data instead). Under the federal 2012-2016
rulemaking, USEPA established regulations whereby CH,4 and N»,O emissions are
regulated by maximum per-vehicle emission caps with required N;O and CH,4 emission
test data submissions from mode! year 2015 on.

ARB staff proposes to adopt the federal USEPA model year 2016 per-vehicle regulatory
caps for its 2017-2025 regulations for CH, and N.O emissions. As a result, testing for
these two emissions will be required from model year 2017 on by vehicle type, with full
useful life certification limits of 0.030 g/mi CH, and 0.010 g/mi N.O. Considering that
vehicles are typicaily designed at about 50% below the emission limits to meet
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standards for vehicle production variability and deterioration, these proposed CH,4 and
N,O standards reflect the same stringency as the existing California default standards.
Under the existing California standards the default CH, and N,O values would not have
prevented the possibility of outlier vehicles or un-tested and un-monitored vehicles that
have CH4 and N»O emission levels that creep up over time. This proposed mandatory
testing approach more adequately protects against backsliding and the potential that
high-emitting outlier vehicles could otherwise utilize ARB’s default values.

ARB staff proposes to allow manufacturers to over-comply with CO; standards and use
those over-compliance credits to offset any N>O or CH4 emission deficits. A
manufacturer choosing this option would convert its measured N,O and CH, test results
that are above the applicable standards into CO,-equivalent emissions, according to
their global warming potential (GWP) values (i.e., GWP of 25 for CH4, GWP of 298 for
N,O) to determine the amount of required CO, emission credits. For example, a
manufacturer would use 0.25 g/mile of positive CO; credits to offset 0.01 g/mile of
negative CH, credits or use 2.98 g/mile of positive CO, credits to offset 0.01 g/mile of
negative N;O credits.

This revised approach — unbundling the regulated GHG formula but providing credit for
reducing individual vehicular GHGs — avoids having to adjust the CO; footprint curves to
reflect the other two pollutants, as would have been required in the bundled approach
that sums CO,, N,O, and CH, emissions. However, in the potential event that federal
GHG standards were not being accepted for equivalent compliance, ARB staff would
consider revising the GHG standards back to a bundled approach that directly sums
tested CO3, N20, and CH,4. This, in turn, would require the adjustment of the footprint-
indexed GHG target standards from those that are proposed here.

For inventory purposes, ARB staff will convert the emission levels to CO;-equivalent
rates based on their GWP values. With a GWP of 25, the CH, limit equates to 0.75
gCO.e/mile; with a GWP of 298, the N,O limit equates to 2.98 gCOze/mile. For a new
model year 2016 vehicle with test cycle GHG emissions of 250 gCO»/mile, with the N,O
and CH4 emissions at a 50% design target, the total GHG emissions from the three
pollutants would be 251.87 gCOze/mile (i.e., 250+1.49+0.38). In this case, the
contribution of the N2O and CH, would be less than 1% (i.e., [1.49+0.38]/[251.87]) of the
new vehicle test-cycle GHG emissions. For average new 2025 vehicles at about 166
gCOze/mile, N.O and CH, would still amount to less than 1.5% of test cycle GHG
emissions. Because these emission levels are very low, and because these particular
emissions are expected to continue to be very tightly controlled as part of the LEV il
SULEV 2015-2025 standards for oxides of nitrogen and hydrocarbons, staff believes it
is not necessary to establish more stringent standards for these two GHG pollutants.
Still, setting a cap, and maintaining a potential footprint adjustment, reflects California’s
purpose and intent to evaluate and reduce all GHG emissions — beyond tailpipe CO; —
from all principal phases of passenger motor vehicle powering and use.
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5.4. Compliance with the Greenhouse Gas Requirements

Staff assesses the required technology penetration and expected compliance cost
based on the California vehicle fteet projection, the GHG standard and ZEV program
requirements, and the availahble technology packages’ CO; effectiveness and
incremental prices as projected above. The GHG standards are, by design,
performance standards and therefore aliow many potential compliance paths to be
undertaken by any company depending on their particular mix of vehicle types and
technology competencies. This analysis investigates compliance paths that incur low
average cost per vehicle, given the available technologies.

Fundamentally, this compliance analysis has three scenarios that are summarized here:
(1) a “no new policy” baseline, (2) 2017-2025 GHG standards without new 2018-2025
ZEV requirements, and (3) 2017-2025 GHG standards with new 2018-2025 ZEV
requirements. The first scenario is modeled in order to investigate the cost of the
already adopted 2016 GHG standards and the existing ZEV requirements to serve as a
reference from which to compare the additional technology costs from the new GHG
standards and ZEV program. The second and third scenarios help show the differential
cost between the GHG program alone versus the LEV lll GHG standards with the ZEV
program as a package. The additional compliance cost from the regulatory proposal
package, then, is the third scenario minus the baseline first scenario.

The analysis of the baseline for no new LEV Il and ZEV policy includes approximately
constant GHG emissions for 2016 and later model years. This 2017-and-beyond
baseline includes no new concerted industry action to further reduce average GHG
emissions, but it does include some small changes from the slight projected car-truck
shift and the requirements for modet year 2017-2018 ZEV regulation compliance. Staff
believes that the historical trends for automaker compliance with criteria pollutant and
CAFE standards, feedback from discussions with automakers, and the effect of
footprint-indexed standards make it clear a “flat” future year baseline is the highest
likelihood reference scenario. For example, as indicated in the USEPA Trends report
and other technical analyses, when model year 1986-2005 CAFE standards remained
unchanged, new vehicle fuel economy also remained essentially unchanged while new
technologies were utilized to improve other vehicle attributes (USEPA, 2010; Lutsey and
Sperling, 2005; An and DeCicco, 2007). Similarly, staff has found no evidence of
sustained over-compliance with its criteria poliutant standard regulations when
standards are unchanged. From feedback from automakers, staff believes that the
advent of footprint-indexed standards of 2012-2016 will make it further unlikely that
there will be any significant GHG over-compliance in the absence of the proposed new
GHG standards. :

As indicated in the representative technology package walk-ups in Figure Ill-A-4-5 and
ll-A-4-6 above, the general progression of GHG-reduction technologies goes from early
engine and transmission technologies (aerodynamics, low rolling resistance tires, dual
cam phasing, 8-speed and dual clutch transmission, engine friction reduction), to mass
reduction of about 10%, to turbocharged downsized direct injection engines, to cooled
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exhaust gas recirculation, to more advanced mass reduction of 15-20%, to hybrids, to
electric-drive technology. The increasing GHG standard stringency through the 2017-
2025 standard period generally moves each automaker through this technology
progression toward more advanced technologies at higher incremental cost over time.
However, with the proposal for new 2018-2025 ZEV regulation requirements the
strategic technology choices could be impacted to resuit in a greater penetration of
ZEV-type vehicles, reducing the penetration of the other more incremental technologies.

The proposed changes for the ZEV regulation are posted in a separate Initial Statement
of Reasons (ISOR) that is released concurrently with this one for LEV lll. Although the
proposed ZEV regulations have crediting provisions that allow for many different battery
electric vehicle, plug-in hybrid electric vehicle, and fuel cell electric vehicle technology
deployment strategies for compliance, the ZEV analysis has resulted in a “most likely”
scenario for the projected technology mix. The basic technology shares are shown here
in Tabie 111-A-5-7, as they are analyzed in this assessment of the GHG-plus-ZEV

compliance scenario. For further ZEV program details, credit’gg provisions, and
requirements, readers are directed to the ZEV regulation ISOR.

Table IlI-A-5-7. Projected new vehicle technology shares of ZEV-type vehicles

Manufacturer | Vehicle Existing Proposed
type YPe  [3012-2014 | 2015-2017 | 2018 | 2019| 2020 | 2021 | 2022 | 2023 | 2024 | 2025
BEV 0.13% 0.50% 09% | 1.7%| 23% | 28% | 32%| 38% 3.8%| 3.8%
tslrjﬁ . FCV 0.06% 0.17% 02% | 04%| 06% | 09% | 13%| 1.7% 2.1%| 2.6%
PHEV 1.5% 2.0% 36% | 43%| 50% | 57% | 6.4%| 7.1%) 7.9%| 86%
L’gﬁﬁ:d'ate PHEV . - 6.4% | 10.0%| 13.6% | 17.1%| 20.7%| 24.3% 27.94 31.4%

Technology penetration: Figure I11-A-5-4 illustrates ARB staff's estimated technology
penetration for compliance with the 2017-2025 GHG standards. Relatively low cost
aerodynamic and low rolling resistance tires are adopted sconer, followed by
progressive introduction of duai-clutch transmissions, turbo-downsized gasoline direct
injection, mass-reduction, cooled exhaust gas recirculation, and electric-drive (including
hybrid, plug-in hybrid, eiectric, and fuel cell) technologies. ARB staff projects that the
turbo-downsized gasoline engine becomes the major engine technology over this
period, with more advanced cooled EGR engines with even greater boosting emerging
in the later years of the standards. For the case of the proposed GHG standards (i.e.,
without ZEV), the higher cost hybrid and ZEV-type technologies are needed for
compliance at a level of about 12% market share by 2020 and by 16% in 2025, and
about two-thirds of those vehicles are hybrids. A number of technologies like engine

*STAFF REPORT: INITIAL STATEMENT OF REASONS, ADVANCED CLEAN CARS, 2012 PROPOSED
AMENDMENTS TO THE CALIFORNIA ZERO EMISSION VEHICLE PROGRAM REGULATIONS, Release Date
December 8, 2011.
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friction reduction, optimized transmission controls, improved accessory efficiency, and
dual-cam-phasing, which are on most of the packages, are not shown in the figure.
Although the use of a low-GWP refrigerant, like HFO-1234vyf, is expected to see some
deployment before the 2017-2025 period, staff projects its widespread application from
2016-2021.

Figure Ill-A-5-4. Technology penetration for 2017-2025 MY GHG standards (without new
2025 ZEV)
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Table 1lI-A-5-8 shows more detailed resuits for the technology penetration in 2016,
2020, and 2025 for the two compliance scenarios. As indicted above, compliance with
the GHG standards without the ZEV program would require that hybrid and ZEV-type
vehicles make up about 12% by 2020 and 16% in 2025 (with about two-thirds of those
vehicles being hybrids). Under the ZEV scenario, these advanced vehicles would
represent vehicle shares of 14% in 2020 and 22% in 2025 (with about two-thirds of
those vehicles being ZEV-type vehicles). As a result of the impact of the additional
ultra-low-GHG ZEV technologies toward GHG compliance, the required shares of
incremental engine, transmission, and hybrid technologies are reduced in the 2021-
2025 timeframe. For example, where the GHG-only scenario found 72% of model year
2025 vehicles would be turbocharged downsized gasoline direct injection, in the “with
ZEV" scenario, that technology deployment dropped to 51%. Staff notes that the
expected technology shares in an overall national US sales context is somewhere
between these two scenarios, where California and ZEV-adopting states get more ZEV-
heavy sales mixes and ZEVs contribute toward the GHG standard compliance of the
overall US fleet.
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Table 1lI-A-5-8. Percent of new vehicles with given technology for GHG and GHG-plus-
ZEV compliance scenarios

Scenario Technology Percent of vehicles with technology by model year
2016 2020 2025
Aerodynamics (10%+) 61% 79% 100%
Low RR tires (10%+} 61% 79% 100%
Mass reduction (10%-+} 11% 32% 38%
Dual clutch transmission 38% 48% 62%
Gasoline direct injection 33% 50% 72%
GHG regulation Cooled EGR 0.2% 14% 32%
Hybrid - 4.5% 7.5% 11.3%
Plug-in hybrid electric vehicle 1.7% 2.0% 1.9%
Electric vehicle 0.4% 1.7% 1.8%
Fuet cell vehicle 0.1% 0.5% 0.9%
Alternative refrigerant 0% 100% 100%
Aerodynamics (10%+) 61% 79% 100%
Low RR tires (10%+) 61% 75% 100%
Mass reduction (10%+) 1% 27% 46%
Dual clutch transmission 38% 47% 56%
Gasaline direct injecticn 33% 41% 51%
?e:ﬁ;g?‘szw Cooled EGR 0.2% &% 12%
Hybrid 4.5% 5.2% 5.7%
Plug-in hybrid electric vehicle 1.7% 5.4% 9.3%
Electric vehicle 0.4% 2.3% 3.7%
Fuel cell vehicle 0.1% 0.6% 2.5%
Alternative refrigerant 0% 100% 100%

The summary results shown above in Table 111-A-5-8 represent two scenarios for
compliance to achieve the required regulatory GHG levels in the new California fleet. In
the national US fleet context, a compliance scenario could resemble technology shares
from each of those two scenarios that are shown. Automakers will be able to use ZEV-
type vehicles (for California and ZEV-adopting Section 177 compliance) toward
compliance with national USEPA GHG standards. California and other ZEV-adopting
states®' amount to about 29% of US light-duty vehicle sales. As a result, ZEV
requirements in ZEV states alone would amount to a minimum of about 4% national US
share for all ZEV types. The non-ZEV technology shares, nationally and in Califernia,
could be more similar to the “GHG only” scenario (e.g., over 70% GDI and over 10%
hybrid shares). As a result, staff believes that it is possible that selling the required ZEV
shares in California, along with a nationally compiiant GHG fleet, could deliver some
amount of over-compliance with the GHG standards within California. However, it is
uncertain exactly if or how automakers might choose to differentially sell various vehicle
technology types across California and the rest of the US.

Price of compliance: Due to the incremental price increases associated with the
technologies that are used toward compliance, the average vehicle is projected to
experience increasing vehicle prices through the vehicle rulemaking period. Assuming
that all of the associated direct manufacturing and indirect cost mark-ups are passed on
to consumers, Table [[I-A-5-9 summarizes the incremental vehicle price increase that

# Currently Arizona, Connecticut, Maine, Maryland, Massachusetts, New Jersey, New Mexico, New York, Oregon,
Rhode Island, and Vermont.
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results from the GHG emission standards over the 2017-2025 period. The GHG
standards are estimated to cost approximately $1340 per vehicle by the final model year
of the program, with approximately equal average per-vehicle costs across the car and
truck categories. Due to the higher cost of electric vehicle technology associated with
the ZEV-type vehicles, the compliance costs of the GHG-plus-ZEV scenario increase
from $1340 to around $1840 per vehicle in model year 2025. Because staff estimates
that the vast majority of the ZEV technology will be utilized in cars, the cost burden
varies between cars and trucks, with approximately $2490 on average for cars and
$810 on average in trucks by 2025. For context, as shown above on a technology basis
{see section 1l1.A.4.4) and below in consumer economic analysis, the lifetime benefits of
the vehicies will on average have benefits that greatly exceed the these incremental
costs.

Table [H-A-5-9. Incremental vehicle technology price ($/vehicle) for 2025 GHG regulations

Scenario Category | 2016 | 2017 | 2018 2019 | 2020 | 2021 2022 2023 | 2024 | 2025
Car - 170 330 520 720 900 | 1,070 | 1,190 | 1,310 | 1,320

GHG regulation Truck - 170 340 510 720 910 | 1,090 | 1,200 | 1,310 | 1,360
Average - 170 340 510 720 910 | 1,080 | 1,190 | 1,310 | 1,340

GHG and ZE Car - 160 460 930 1,270 | 1,700 | 2,020 | 2,300 | 2,560 | 2,490

an \Y

regulations Truck - 160 250 340 420 530 610 670 730 810
Average - 160 380 700 G40 | 1,23C | 1,460 | 1,660 | 1,840 | 1,840

All value rounded to the nearest ten.

The above table represents the average costs according to the major vehicle
categories. In order to arrive at those cost estimates, the analysis incorporated
compliance by all the major companies with the GHG and ZEV standards, in order to
investigate differences in the companies’ average per-vehicle cost of compliance due to
their baseline fleet characteristics. To analyze each case, after companies meet their
ZEV requirements, low-GHG technology packages are added in order of their cost-
effectiveness (moving up in cost per GHG reduction per mile) untit companies’ new
vehicle fleets come into compliance with the GHG standards.

Table Ill-A-5-10 summarizes the incremental price increase results for major automobile
manufacturers to comply with the GHG and ZEV regulations. In the table, the baseline
represents a fleet without new policy, meaning compliance with 2016 GHG standards
and the existing ZEV regulation. As shown in the table below, the average per-vehicle
incremental price increase differs by automaker. Companies with relatively low GHG
baseline fleets (e.g., Honda, Hyundai-Kia, Mazda, and Toyota) have lower-than-average
incremental prices. Companies that typically have larger sales percentages of luxury
and high-performance maodels {e.g., BMW, Jaguar-Land Rover, Mercedes, Spyker,
Voivo, and Volkswagen) have higher estimated compliance costs.
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Table llI-A-5-10. Summary 2025 MY of increased incremental price for baseline, 2025
GHG regulation, GHG-plus-ZEV regulation scenarios

Incremental price in 2025 Incremental price in 2025
Company from 2008 technology from Baseline

Baseline | 2025 GHG | 2025 GHG+ZEV 2025 GHG 2025 GHG+ZEV
BMW 1,020 2,530 3,250 1,500 2,230
Chrysler-Fiat 1,270 2,350 | 2,870 1,080 1,600
Ford 1,260 2,710 3,220 1,440 1,960
General Motors 1,080 2,470 2,840 1,390 1,760
Honda 1,050 1.910 2,480 360 1,430
Hyundai-Kia 1,000 1,890 2,510 890 1,520
Jaguar-Land Rover * 1,670 5,410 5,870 3,740 4,200
Mazda 910 2,080 2,610 1,170 1,700
Mercedes 1,550 4,450 4,500 2,800 2,950
Mitsubishi * 720 2,900 3.940 2,180 3,230
Nissan 980 2,430 2,650 1,450 | 1,670
Spyker * 1,110 4,310 5,23C 3,200 4130
Subaru * 670 1,990 4,470 1,320 3,800
Suzuki * 710 2,920 3,880 2,210 3,160
Toyota 1,240 2,270 2,850 1,030 1,610
Volvo * 960 3,820 5,340 2,860 . 4,380
Volkswagen 1,370 3,660 3,750 2,280 2,370
Average 1,150 2,480 2,990 1,340 1,840

Notes: Costs are in the year 2025 in 2009 doilars, This bascline includes compliance with 2016 GHG standards and projected
baseline ZEV requirements (i.e., before new 2018+ MY ZEV proposal) of about 2% PHEV, 1.7% BEV/FCV shares from 2017-
2015; (*) indicates companies that are likely to be allowed intermediate Volume Manufacturer (IVM} PHE V-only provisions
within ZEV program

The above summary tables illustrate the incremental price to consumers in model year
2025, the final year of the proposed standards. The phase-in schedules for each of the
programs are summarized above (i.e., ZEV market shares, and GHG footprint-indexed
targets). Based on the phase-in schedules, the incremental technology costs (with
varying levels of technology cost learning through those interim years) are analyzed
through each year of the program.

Figure 111-A-5-5 illustrates the summarized staff technical analysis on the incremental
price increase due to the GHG and ZEV programs. As indicated in the table above,
these price increases are incremental to the existing GHG and ZEV regulations. The
figure shows the GHG program’s incremental increase from 2016 through 2025, as well
as how the higher incremental cost of ZEV technology adds additional cost due to their
still relatively low manufacturing volumes. The final average incremental vehicle price
increase for the GHG standards plus ZEV package is shown increasing from $0 in 2016
to $1840 in model year 2025. This average price increase shown includes the
approximate 15% share of ZEVs that are higher cost (at $8000+ price premium) as well
as the non-ZEVs (that more typically have an approximate $1000 price premium). In a
national context, these compliance results would differ somewhat. A comparable 2017-
2025 national compliance assessment would not include California’s baseline ZEV
regulation requirement, would not require the new proposed 2025 ZEV shares, and
would involve some smaller differences in the fleet mix. However, the ZEV-type
vehicles in California (and Section 177 states) will all aid in national USEPA GHG



standard compliance. As a whole, the average per-vehicle price premium overall that is
associated with the 2025 federal standards is expected to be similar to the $1840 resuit
here for California compliance.

Figure IlI-A-5-5. Incremental vehicle price for GHG and ZEV programs, relative to no new
policies beyond model year 2016
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5.5. Discussion of Differences from 2010 Joint-Agency TAR and this Analysis
by ARB

As outlined above, there have been many updates to the technical and cost analysis
since ARB, USEPA, and NHTSA jointly published their interim TAR on GHG
technologies in September of 2010. This section offers a high level summary of
substantial differences in the results, as well as a description of the major underlying
reasons for the differing results. Essentially nearly every technical change made in our
assessment of GHG-reduction technologies, including technology effectiveness,
technology availability, and technology costs, was discussed jointly between the
technical staffs of ARB, USEPA, and NHTSA. These changes, along with a number of
California-specific assumption modifications, are summarized here.

There were numerous analytical modeling differences in this work from the TAR. One
primary change has been in the CO; effectiveness modeling. The Ricardo vehicle
simulation modeling offered a state-of-art technical analysis of emerging highly
advanced powertrain technologies. The modeling ultimately indicated that a greater
CO; effectiveness of several percentage points would result from emerging incremental
technologies — in particular from more advanced direct injection engines with greater
levels of turbocharging and cooled exhaust gas recirculation technologies and a number
of other engine and transmission technologies.

Another modeling modification was to use resuits from NHTSA'’s new 2011 fleet safety
analysis to impose constraints for per-vehicle mass-reduction across vehicle classes in
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a way that was deemed “safety-neutral.” As a result, smaller cars were not allowed any
mass reduction, mid-size cars were allowed up to 10% mass reduction, and the trucks
were allowed up to 20% mass reduction. Although the 2011 NHTSA fleet modeling
showed fatality coefficients that were statistically insignificant in four out of five cases,
their suggested safety modeling constraints were imposed for all vehicle classes in
order to conservatively model technical compliance scenarios that minimize societal
safety risks. Ultimately this safety-neutral constraint greatly reduced the total mass-
reduction projected to be utilized in automaker 2025 compliance from levels of 15-30%
in the TAR to approximately 9% in this updated ARB staff modeling. Based on
feedback from automakers that are reducing mass across all their vehicle platforms and
from various vehicle safety design studies’ validation of mass-reduced advanced vehicle
designs, ARB staff has found that these safety-neutrality constraints are conservative
assumptions about the use of safe mass-reduction technology that will likely be utilized
for compliance with the standards. Nevertheless, it is clear that the proposed
regulations do not require mass reduction beyond expected manufacturer shifts.

Several changes have also been made in the provisions for evaluating the GHG
crediting provisions for air conditioning system improvements. The TAR analyzed a
maximum of 15 gCOze/mi to be utilized industry-wide in the 2020-2025 timeframe. In
this analysis for the proposed standards, the available GHG credits from air-conditioning
systems are higher. For this proposal the maximum available credits are higher at 18.8
gCOqe/mi for cars and 24.4 gCOze/mi for trucks (for approximately 21 gCOze/mi on
average, depending on the fleet mix). This effectively allows an additional 6 gCO.e/mile
from the various refrigerant and air conditioning efficiency technologies that were not
available in the TAR analysis.

A number of analytical changes have been made in this updated assessment of various
technologies’ incremental costs. Generally, the methods for using FEV teardown-
derived costs (with agency estimates of indirect costs of the technologies) increased
due to small detailed modifications to account for engineering design and testing and
the potential for stranded capital costs. Also, the new FEV cost study offered some
increased and some decreased costs of various hybrid components but on the whole
substantially increased the incremental hybrid costs to generally $4000-$5000 over
baseline 2008 technology. Mass reduction costs also increased substantially based on
the agencies’ assessment, thereby reducing the relative attractiveness of using
optimized design and advanced materials (See Appendix Q for a related discussion).
There were also minor changes in supplier cost estimates on various components. For
battery electric vehicle and plug-in hybrid electric vehicle technologies, battery costs
have been adjusted upward to account for safety disconnect equipment and thermal
management systems. Overall the indirect cost multipliers saw adjustments in their
magnitude and in the placement of technologies into the ICM categories, thus resulting
in higher indirect cost mark-ups for the costs of nearly all of the technologies.

The technical and compliance cost modeling has now separately been conducted by
each of the agencies with company-specific impacts examined. The company-specific
modeling allows for greater detail on technologies and costs of industry compliance and
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more detailed consideration by each agency for its particular regulatory requirements.
The separate modeling by each of the agencies (whereas the TAR compliance
modeling was led by USEPA) allows for varying agency provisions and requirements,
as well as providing independent agency review and development of their respective,
proposed standards. For example, the agencies have differing regulatory treatment of
alternative fuel vehicles and air-conditioning credits (i.e., between NHTSA standards
and the GHG standards), and California has to separately account for the requirements
of the ZEV program, as discussed above.

A number of California-specific factors result in further differences from the TAR
compliance results. There are some basic differences due to California-specific
assumptions about the projected fleet mix. For example, even with exactly the same
footprint-indexed standard lines, the California fleet has a 166 gCOy/mile standard
target, compared to the federal fleet's projected 163 gCOz/mile target outcome. The
largest factor in this difference is California's projection for 61% cars and 39% trucks
versus the federal projection of 68% car and 32% truck. For context, California’s fleet in
model year 2008 had a 60% car share, and the recent US new vehicle fleet had a 50-
33% car share in 2005-2008 and 59-60% car share in 2009-2010. The federal sales
projection from the TAR incorporates a contracted industry sales projection from CSM
and the US Energy Information Administration’s Annual Energy Outlook projections.
ARB's projection is based on California Department of Motor Vehicle data and statewide
vehicle papulation and travel trends as consistent with ARB’s EMFAC statewide
modeling. Also, California has other small differences in the projected fleet mix,
including different company percent shares and small differences in the footprint-
indexed vehicle fleet size. Staff has analyzed the sensitivity of the overall GHG
program outcome for shifts in these vehicle sales trends below in section [11.A.5.9,
finding them to be significant and important to track in future years.

California’s ZEV program imposes requirements for increased sales of battery electric
vehicle, plug-in hybrid electric vehicle, and fuel cell electric vehicle technology. The
larger amount of ZEV technology in California, as well as other well-established low-
GHG programs (e.g., Low-Carbon Fuels Standard, Renewable Portfolio Standard)
tracking those upstream emissions, prompted Staff to directly consider the upstream
GHG emissicns of these vehicles in the fleet emission rates, whereas the TAR did not.
ARB's proposal, rationale, and GHG rating equatlons for these ZEV-type technologies
are discussed above in section I11.A.5.3.

Table I-A-5-11 summarizes the results of this assessment in the context of ARB,
USEPA, and NHTSA interim TAR analysis in September 2010. Aside from the ahove-
mentioned differences in the modeling, there are additiona! differences in the
assumptions applied for vehicle consumer lifetime usage and fuel price. The TAR used
survival-adjusted lifetime travel assumptions that were approximately 200,000 mites per
vehicle, based on national data for vehicle travel and survival rates. This assessment
relies on California-specific data on vehicle travel and survival rates from the California
Department of Motor Vehicles. Basic summary tables here utilize California-specific
data for median vehicle lifetimes of 14 years and 186,000 miles for cars and 17 years
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and 234,000 miles for trucks. Staff notes that, by definition, half of new vehicles will
travel more or less than these average lifetime estimates. Also the TAR applied future
gasoline prices that were approximately $3.49/gallon from the US Department of
Energy’s Annual Energy Outlock. This assessment applies projections for California
fuel prices that are somewhat higher, at, for example, $4.02 in 2025 (year 2009 dollars)
based on the California Energy Commission’s integrated Energy Policy Report (CEC,
2011).

Table Ill-A-5-11. Summary of the proposed standard compliance technology and cost
versus joint-agency TAR findings from September 2010

| echnology New Vehicle Te:.:hnology Penetration in 2025 Incremental 2:;;%: Net liftetime

Scenario M Gasoline EV price ’ owner
Path A | &diesel | HEV | PHEV Y | (Sivehicle) period | o vings ()

Reduction vehicles FCV (yr)
Path A 15% 89% | 1% 0% 0% 930 1.6 5000
TAR Path B 18% 97% 3% 0% 0% 850 1.5 5100
3%/year Path C 18% 7% 3% 0% 0% 770 1.4 5200
Path D 15% 75% | 25% 0% 0% 10580 1.9 4900
Path A 15% 65% | 34% 0% 0% 1700 2.5 5800
TAR Path B 20% 82% | 18% 0% 0% 1500 22 6000
4%/year | Path C 25% 97% 3% 0% 0% 1400 1.9 6200
Path D 15% 55% | 41% 0% 4% 1900 2.9 5300
Proposed | GHG 9.3% 84% | 1% | 1.9%  2.7% 1,340 21 5,900
regulation

(4.5%/yr) | GHG+ZEV 8.3% 79% | 5.7% | 9.3% | 6.2% 1,840 2.8 5,100
Path A 15% 35% 65% 0% 1% 2500 3.1 6500
TAR Path B 20% 56% | 43% 0% 1% 2300 2.8 6700
5%/year | Path C 25% 74% | 25% 0% 0% 2100 2.5 7000
Path D 15% |- 4% | 49% 0% | 10% 2600 36 5500
Path A 14% 23% 68% 2% 7% 3500 4.1 5200
TAR Path B 19% 48% 43% 2% 7% 3200 37 6600
6%/year | Path C 26% 53% | 44% 0% 4% 2800 3.1 7400
Path D 14% 29% 55% 2% 14% 3400 4.2 5700

5.7. Analysis of Alternative GHG Regulation Stringency

in addition to the proposed GHG regulatory stringency of above, staff also analyzed
alternative stringencies that delivered lower and higher GHG emission levels. The
differing stringency levels were based upon the upper bounds that were chosen by
USEPA, NHTSA, and CARB for use in the 2010 TAR analysis. The reduced stringency
case represented a 3%/year reduction in GHG emissions from 2016-2025 to achieve
190 gCO.e/mile; the increased stringency case represented a 6%/year GHG reduction
to achieve 143 gCOze/mile in model year 2025.

Staff notes that NHTSA, in its Environmental Impact Statement, has decided to analyze
a range of scenarios that spans from 2%/year to 7%/year in annual fuel economy
increase. Staff notes that ARB’s technical analysis from the TAR effectively narrowed
the GHG stringency range to within 3-6%/year change in CO; emissions, due primarily
to ARB Pavley requirements for meeting the various technical, economic, and owner-
operator life-cycle cost factors. As a result the 3-6%/year range from the TAR was
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maintained for this analysis of alternatives. The sufficiency of these upper and lower
ranges for ARB’s analysis of alternatives in its Environmental Analysis is discussed in
that document, Appendix B.

In order to analyze the two alternative stringency cases, footprint-indexed GHG target
lines were shifted downward from model year 2016 target lines to achieve the 3%/year
(for the “lesser stringency alternative”) and 6%/year (for the “greater stringency
alternative”) new vehicle fleet GHG emission rates for model years 2017 through 2025.
Figure 11}-A-5-6 shows the two alternatives that were considered for lesser and greater
GHG stringency. The proposal, as described above, takes the fleet from 251 gCO»/mi
in model year 2016 to 166 gCO,/mile in 2025. The lesser stringency case, at a 3% per
year reduction in GHG emissions, would result in a 191 gCO,/mile emission rate, and
the greater stringency case, at a 6% per year reduction, results in 144 gCO./mile.

Figure IlI-A-5-6. Proposed model year 2017-2025 GHG standards, with alternative
stringency cases
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Table Hi-A-5-12 shows the differing levels of technology deployment that would be
projected under the lesser, proposed, and greater GHG stringency alternatives for
model years 2016, 2020, and 2025. As described above, under the proposal scenario
for GHG and ZEV implementation, advanced hybrid and electric-drive vehicle
technologies would represent shares of 14% in 2020 and 22% in 2025. For the lesser
GHG stringency case, the projected amounts of these advanced technologies would
drop to 12% in 2020 and 19% in 2025. Under the greater GHG stringency case, the
shares of these advanced technologies would increase to 19% in 2020 and 31% in
2025. Similarly the amounts of conventional technology (e.g., direct injection, mass
reduction, cooled EGR) would be reduced in the lesser GHG stringency case and
increased in the greater GHG stringency case.
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Table Hi-A-5-12. Percent of new vehicles with given technology for proposal compliance
scenario — and lesser and greater GHG stringency alternatives

Scenario Technology Pzeor;:::nt of vehicles vgg;gachnology by moc;;lzysear

Aerodynamics (10%+) 61% 77% 93%

Low RR tires (10%+) 61% 77% 93%

Mass reduction (10%+) 11% 13% 16%

Alternative: Dual clutch transmigsion 38% 43% 47%
Lesser striﬁgency Gasoline direct injection 33% 30% 27%
(3%/year) GHG Coolt_ad EGR 0.2% 1% 1%
reguiation Hybrid 4.5% 3.8% 3.2%
Plug-in hybrid electric vehicle 1.7% 5.4% 9.3%

Electric vehicle 0.4% 2.3% 37%

Fuel cell vehicle 0.1% 0.6% 2.5%

Alternative refrigerant 0% 100% 100%

Aerodynamics (10%+) 81% 79% 100%

Low RR tires {10%+) 61% 79% 100%

Mass reduction (10%+) 11% 27% 46%

Proposed GHG and| Dual clutch transmission 38% 47% 56%
ZEV regulations Gasoline direct injection 33% 41% 51%
(~4.5%/year GHG | Cooled EGR 0.2% 6.3% 14.5%
reduction from Hybrict 4.5% 5.2% 57%
2016-2025) Plug-in hybrid electric vehicle 1.7% 5.4% 9.3%
Electric vehicle 0.4% 2.3% 3.7%

Fuel cell vehicle 0.1% 0.6% 2.5%

Alternative refrigerant 0% 100% 100%

Agrodynamics (10%+) 61% 81% 100%

Low RR tires (10%+) 81% 81% 100%

Mass reduction (10%+) 11% 39% 67%

Allernative: Dual clutch tran;misgion SBZA) 502/9 61‘:/0
(©%yean) GG Hiybria L5% 10.0% 14.4%
9 Plug-in hybrid electric vehicle 1.7% 5.4% 9.3%
Electric vehicle 0.4% 2.7% 4.4%

Fuel cell vehicle 0.1% 0.7% 2.6%

Alternative refrigerant 0% 100% 100%

Figure IlI-A-5-7 illustrates the resulting overall incremental price increase due to the
proposed regulatory GHG standards, along with the lesser and greater GHG stringency
cases. The three cases incorporate the implementation of the ZEV regulation, along
with conventional and hybrid gasoline technologies, to achieve compliance with the
varying GHG stringency levels. The figure shows the incremental price increase from
the proposed regulations from 2016 through 2025, when the total projected GHG-plus-
ZEV price increase is $1840 per vehicle. Also shown is the lesser and greater
stringency cases that result in approximately $1370 and $2630 incremental price
increases per vehicle, respectively. These average price increases include the ZEVs
that are higher cost (at a $8000+ price premium) as well as the non-ZEVs (that more
typically have an approximate $1000 price premium). The staff GHG proposal, at
approximately a 4.5%/year annual stringency over the 2016-2025 period, was ultimately
determined based on meeting the joint statutory requirements of USEPA, NHTSA, and
ARB: discussions with the automobile industry; and achievement of the maximum
feasible cost-effective GHG emission reduction level.

— Page154 - - =



Figure lli-A-5-7. Incremental vehicle price for GHG-plus-ZEV programs for proposed
regulation and two alternative GHG stringency cases (relative to no new GHG and ZEV
policies beyond model year 2016)
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5.8. Analysis of Vehicle Manufacturing GHG Emissions

Staff has analyzed the potential effect that the technologies promoted by the standards
could have GHG impacts outside of their immediate test cycle and fuel production GHG
emissions. In particular, the standards will promote a variety of mass-reduction
technologies that could introduce advanced materials (e.g., high-strength steel and
aluminum) that have differing manufacturing GHG emissions compared to conventional
vehicle materials that are now in use. In addition, the GHG standards and the ZEV
program will promote increased use of batteries and other electric-drive components
that might have different manufacturing GHG impacts.

As identified above, the mass of vehicles designed to meet the standards are projected
to reduce by about 9% on average in the 2020-2025 timeframe. Because of the
footprint-indexed design of the standards, this level of mass-reduction is expected to
result from the use of advanced materials and optimized vehicle design and without
requiring vehicle shifts in size, class, or utility.

Figure 11I-A-5-8 shows the spread of available data on production cycle GHG emissions
to manufacture vehicles of different technologies with data from three sources (Kim et
al, 2010; ANL, 2007; Patterson et al, 2011). The data have been normalized to an
average 3700-Ib vehicle curb weight in order to represent the approximate average
vehicle in the California (and US) new vehicle fleet. The amounts and types of
technology considered by staff in this analysis for 2025 vehicles are generally within the
“conventional mass-reduction” part of the data (primarily new steel and aluminum parts),
and therefore have no clear manufacturing GHG difference from the baseline. Hybrid
and electric-drive vehicles appear to potentially add several tons per vehicle of
production-cycle GHG emissions.
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Figure 1ll-A-5-8. Vehicle production cycle GHG emissions from various technologies
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Figure 1ll-A-5-8 puts these manufacturing GHG emission results in context of the
lifetime GHG emissions of a vehicle. The lifetime GHG emissions from the lifetime
operation of a model year 2008 baseline vehicle are about 66 tons COse at the vehicle
tailpipe (plus another 16 tons in the upstream fuel processing upstream), as compared
to their manufacturing GHG emissions at roughly 6-8 tons. Greater use of high-strength
steel and aluminum to achieve the modest reductions in vehicle weight projected to
comply with the proposed GHG standards may not increase production-cycle
emissions, as indicated by the literature above. Although electric-drive technologies
may increase manufacturing emissions by several CO,e tons per vehicle, these
technologies’ substantially reduced operating emissions will more than offset the
increase in manufacturing emissions, as shown in Figure 11I-A-5-S. The figure also
includes upstream fuel production emissions based on California LCFS assumptions for
gasoline and future electricity and hydrogen, as previously discussed. Although the
upstream manufacturing cycle emissions are uncertain, this assessment suggests that
manufacturing cycle emissions’ vehicle contribution as a percentage of total vehicular
GHGs could approximately increase from roughly 8% today to roughly 15% for new
vehicles in 2025 (i.e., for the GHG pius ZEV scenario).
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Figure lll-A-5-9. Vehicle use, upstream fuel, and production cycle GHG emissions of an
average mid-size vehicle
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5.9. Sensitivity Analysis

One uncertainty of the GHG standard outcome is due to the inherent regulatory
structure, though history suggests that appropriate safeguards can be developed to
ensure projected GHG reductions. Because the standards have two categories with
different standards and footprint-indexed standards for each category, different
comptliant 2025 fleet mixes would have substantially varying final gCO»/mile outcomes.
ARB staff has analyzed the patential for a varying autcome of the standards based on
shifts in the car-truck mix and shift in the fleet-average footprint size (within the car and
truck categories). These category and size trends are of interest because these factors
can tend to shift over time based on fuel prices, larger economic trends, and automobile
manufacturing and marketing trends. In addition, ARB staff is cognizant of the potential
for strategic re-categorization of crossover vehicle models that exhibit many car-like
features but could be increasingly categorized as trucks (for example based on the
presence of four-wheel drive, or a third row of seats). This is an increasing potential
concern over time, especially because the truck standards receive less-stringent
percent GHG reductions from 2016 to 2025 than the car standards. Figure IlI-A-5-10
ilustrates the difference in the footprint-indexed standards for cars and trucks in 2025.
These standards effectively permit 29-30 gCOJ/mile less stringent standards for the
smallest trucks that are primarily car-platform-derived crossover models (e.g., Honda
CR-V, Toyota RAV4, Ford Escape). For example, a 45-ft> crossover would have a 144-
gCOz/mile standard target as a car and a 174-gCOy/mile standard if classified as a
truck.




Figure 11}-A-5-10. Difference between car and truck GHG standard target lines in model
years 2016 and 2025
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Figure 11I-A-5-11 summarizes the ARB staff analysis of potential fleet trends that could
result from modest footprint and category shifts aver the rulemaking period. To
examine the potential future mix of the car-truck split, ARB considers 70% cars (the
highest naticnal car share since 1988) as a reasonable upper bound. In the other
direction, ARB staff considers 55% trucks as a potential upper bound (based on 52%
national light-duty truck share in 2004). There is only limited available data from 2008-
2010 on average new vehicle footprint, since the footprint-indexed standards have only
recently taken effect. With limited data, modest and plausible shifts in average new
vehicle footprint (ft%) by 0.2% per year are considered here in the staff analysis. The
new vehicle fleet footprint and car-truck mix shifts, in turn, result in greater or lesser
GHG targets, according to where the vehicle models fall on the footprint-indexed GHG
target lines. The result of plausible long-term footprint and car-truck category trends
would be to shift the reference case 166 gCOz/mile 2025 standard target up to 179
9COz/mile (a 16% loss in GHG reductions from the 2016 level) or as low as 157
gCOy/mile (a 11% increase in GHG reductions from the 2016 level).




Figure lil-A-5-11. Potential shift in the projected fleet GHG emission outcomes based on
trends in vehicle footprint and category mix
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Based on this analysis, ARB staff considered various anti-backsliding provisions within
the regulations. The intent of any such aiternative anti-backsliding provisions wouid be
to not allow overwhelming consumer trends (and automakers’ influence on them) or
automaker attempts to strategically “game” the regulation’s flexibility for GHG regulatory
advantage that would undermine the program’s intended GHG benefit. The primary
mechanisms for potential program GHG emission losses include the potential shift to a
higher truck sales share and increases in average car and truck footprint. As a result,
per-company anti-backsliding provisions could be structured and triggered in the event
of a company surpassing threshold upsizing trends in these two areas. For example,
hypothetically, if a company’s fteet shifts by over a 5% truck share (e.g., from 45% truck
to 50% truck) or if sales-weighted car or truck footprint shifted upward by 5% (e.g., from
40 ft* to 42 ft°) the alternative standards could be triggered. The alternative anti-
backsliding provisions could be structured to disallow any further GHG regulatory
advantage for surpassing any such hypothetical car-truck or footprint upsizing
thresholds. Such a provision would ensure the highest GHG emission scenario (i.e.,
with a 16% loss in intended GHG emission reduction) in the above figure could not be
realized.

ARB staff is not proposing anti-backsfiding provisions at this time. As a result of ARB's
. investigation of the potential for consumer trends and strategic re-categorization of
crossover cars as trucks over time, ARB is inclined to follow these trends and
categorization shifts closely in years ahead. ARB staff notes that many, but not all,
automakers indicated that they are not intending to shift their sales upward in size or
category over the rulemaking period through 2025. Nonetheless, the extent to which
the future fleet trends move toward larger average vehicle sizes and/or more trucks than
projected in this analysis could significantly undermine the expected GHG benefits.
ARB staff proposes to require detailed certification data reporting on new vehicle
attributes in order to closely follow these trends. Staff proposes to report to the Board
on a periodic basis to the extent to which there are significant deviations from the
projected fleet size and category mix. This requirement would remain even if ARB
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decides to allow manufacturers to use compliance with national standards to satisfy
ARB requirements in the 2017 through 2025 timeframe.

ARB staff notes that its use of GHG ratings that integrate electric-drive vehicles inte the
standards according to their incremental upstream GHG emissions differs from the
expected federal program. The USEPA GHG program has proposed that battery
electric vehicle, plug-in hybrid electric vehicle, and fuel cell electric vehicle technologies
be credited for compliance purposes as if they had zero GHG emissions for model
years 2017-2021, and USEPA would apply sales caps after which automakers would be
required to count non-zero upstream emissions for later years. The proposed federal
sales caps would allow up to 600,000 ZEV-type vehicles per manufacturer to be
credited as having 0 g/mi GHG emissions in 2022-2025 model years (see USEPA and
NHTSA, 2011b for details). Within a national context there are expected to be
significantly lower shares of electric and fuel cell vehicles than in California, and
therefore the potential for lost program GHG emission reductions due to an artificial
credit incentive is lower in percentage terms. Also, there are higher national grid GHG
emissions, and therefore any non-zero upstream crediting serves as a lesser relative
incentive for battery electric vehicle and plug-in hybrid electric vehicie deployment than
the proposed ARB GHG crediting based on California’s low-GHG grid.

Therefore, crediting these vehicles at 0 gram per mile is being proposed for federal
GHG regulatory purposes for 2017-2021 (without limits) and for 2022-2025 (with
company-specific limits). Note that although the emissions are counted in the federal
regulation as zero gCO.e/mile for compliance purposes, the upstream emissions are
accounted for separately in the full federal inventory accounting. ARB staff projects that
with the successful implementation of the ZEV program in California and ZEV-adopting
Section 177 states, that the federal USEPA caps for zero gCO.e/mile crediting will be
met before 2025. As described above in the development of the upstream accounting
provisions, the California context (primarily due to the ZEV regulation) obviates the need
for advantageous incentive crediting for these ZEV technologies.

Also, federally, these plug-in hybrid electric vehicle, battery electric vehicle, and fuel cell
electric vehicle vehicles are granted additional incentives through multipliers (whereby
each vehicle is counted as more than one vehicle) for 2017-2021, as shown in Table lll-
A-5-13. As with the zero upstream crediting, staff is not proposing to include these
multiplier incentives that will be part of the federal GHG program. These multipliers
would allow each of these advanced electric-drive vehicles sold to be counted as more
than one vehicle for compliance accounting purposes. ARB staff proposal does not
include these multipliers in the calculations for the same reasons that the 0 g/mi ZEV
crediting is not utilized. In both cases, the existence of the ZEV regulation along with
low Catifornia upstream emissions eliminate the need to provide such incentives that do
not directly result in further GHG reductions.
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Table 1I-A-5-13. Federal advanced electric-drive vehicle technology multiplier incentive

Technology 2017 2018 2019 2020 2021 2022-2025
Plug-in hybrid vehicle 186 1.8 1.6 1.45 1.3 1.0
Electric vehicle 20 2.0 2.0 1.75 1.5 1.0
Fuel cell vehicle 2.0 2.0 2.0 1.75 1.5 1.0

In addition, ARB staff is proposing to adopt the special pickup truck incentive credits of
10 and 20 gCO/mile (for hybrid and non-hybrid innovations). ARB staff has analyzed
these provisions in order to evaluate the relative national GHG program losses
associated with the use of these technology incentives toward automaker compliance.
The 0 gCO/mi provision results in lost GHG emission reductions on account of the
ignored upstream GHG emissions associated with the primary fuel transportation,
processing, etectricity generation, and distribution. The 0 gCOJ/mi provision results in
increasingly greater losses in GHG reductions with greater amounts of battery electric
vehicles, plug-in hybrid electric vehicles, and fuel cell electric vehicles in the fleet. The
relatively low upstream GHG emissions in California reduce the extent of the loss from
this provision from California vehicles. The multipliers mentioned above for these
electric-drive vehicles would result in program GHG losses through the early program
years, model years 2017-2021, but without any loss in the overall gCOz/mile outcome in
maodel year 2025. The hybrid full-size pickup credit is limited in its potential lost GHG
emission reduction, because qualifying full-size pickups represent less than 10% of all
the light-duty vehicles in California.

Table 11I-A-5-14 summarizes the extent to which the three provisions could affect the
GHG program outcomes in the new California fleet. The lost GHG program emissions
from the 0 g/mi battery electric vehicle/plug-in hybrid electric vehicle/ fuel cell electric
vehicle incentive are estimated according to the GHG upstream emissions those
vehicles would incur based on California GHG emission factors for 2020 and beyond
electricity and hydrogen (both 33% renewable sourced). Due to the 0 g/mi incentives,
the standards that would achieve 4.51%/year GHG emission reductions (without any
such incentives), are estimated to achieve 4.34%/year, resulting in a 3.7% loss in the
overall cumulative 2017-2025 GHG reductions that would have been achieved if (a) the
battery electric vehicle/plug-in hybrid eiectric vehicle/ fuel cell electric vehicle had true
upstream accounting or (b) if automakers complied without using any battery electric
vehicle/plug-in hybrid electric vehicle/ fuel cell electric vehicle technology. The other
two provisions, the battery electric vehicle/plug-in hybrid electric vehicle/ fuel cell electric
vehicle multiplier and the pickup truck hybrid credit would have relatively minimal
potential impact in eroding the intended GHG reductions from the standards over the
2017-2025 MY period.
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Table IlI-A-5-14. Potential effect of electric and hybrid vehicle incentives on the California
fleet

Proposal Regulatory incentive provisions
without : - - -
. h - . With ¢ g/mi With 0 g/mi,
incentive | WO ML/ BEVIPHEVIFCY | muttipliers, and pickup
provisions and multipliers technology credit
Model year 2021 GHG (gCOze/mi) 201 203 204 204
Madel year 2025 GHG (gCOze/mi) 166 169 169 170
Equivalent average annual GHG o 0 g
stringency for mode! years 2016-2025 4.51% 4.34% 4.31% 4.24%
Cumutative GHG program loss fram Q g/mi - 3.7% - -
Cumulative GHG program loss from ) 0.8% _
BEV/PHEV/FCV multiplier ) i
Cumuiative GHG program loss from g
! € R - - 1.6%
pickup technelogy credit

Notes: losses from 0 g/mi are compared against the emissions that would have been counted under ZEV deployment with
California upstreamn GHG emission factors for 2020 and beyond (i.e., 33% renewable sourced); the pickup technology credit is
assumed o be utilized by 7% of the fleet for 15 gCO¥mj credit.

5.10. Compliance with the Emission Standards

The proposed climate change emission requirements are comprised of three emission
standards; a CO; standard, a CH, standard and a N,O standard. Whereas more detail
on a number of the technical provisions was given above, a simplified description of
compliance with these emission standards is described here. To demonstrate
compliance with these standards, manufacturers will need to report the CO2, CH4 and
N.O emissions of their vehicles over the combined city and highway vehicle testing
drive cycles. The combined city and highway emission vaiue is a weighted emission
value determined by the following formula:

Combined city/highway emissions = 0.55 x city emissions + 0.45 x highway emissions
CO; Emission Standard

As described above in section 111.A.5.1, the CO, standards are based on a set of
footprint curves that assign specific CO; targets for each vehicle mode! depending on
the footprint (the area described by wheelbase times the average track width of the
vehicle) of the vehicle model. The CO; targets defined by the footprint curves become
increasingly more stringent for each model year from 2017-2025. Separate sets of
footprint curves have been developed for passenger cars and for light-duty trucks. The
footprint-indexed target lines have “kinks,” whereby all vehicles below a given size each
receive the minimum target for that year and all vehicles above a given size each
receive maximum targets for that year. For most vehicles (i.e., those between the GHG
kinks), the CO, target is calculated by a simple linear expression and determined by the
following formula.




Target gCOy/mile = [ax fl+ b

Where: fis the vehicle footprint and coefficients a and b are selected from the
table of coefficients for the footprint curve for either passenger cars or
light-duty trucks for the applicable model year.

A manufacturer’'s CO, emission standard is determined by the sales weighted CO-
target for a manufacturer's vehicle models and will vary between manufacturers
depending on the specific mix of their vehicle models. Accordingly, a manufacturer’s
CO; standard can be expressed with the following formula:

Z% CO, target value x model type production
Total vehicle production

CO, standard =

Where: i = each unique combination of model type and footprint value
Model type production = total production of model typeffootprint
Total vehicle production = total production of passenger cars or light-duty
trucks and medium-duty passenger vehicles, as applicable

To comply with the CO; standard a manufacturer may certify some vehicle models
above their CO; target as long as their excess emissions are offset by vehicle models
certifying below their CO, target. The sale