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Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle
Standards
AGENCY: Environmental Protection Agency (EPA).
ACTION: Proposed rule.
SUMMARY: The Environmental Protection Agency (EPA) is proposing a rule that would
reduce air pollution from highway heavy-duty vehicles and engines, including ozone, particulate
matter, and greenhouse gases. This proposal would change the heavy-duty emission control
program--including the standards, test procedures, useful life, warranty, and other requirements--
to further reduce the air quality impacts of heavy-duty engines across a range of operating
conditions and over a longer period of the operational life of heavy-duty engines. Heavy-duty
vehicles and engines are important contributors to concentrations of ozone and particulate matter
and their resulting threat to public health, which includes premature death, respiratory illness
(including childhood asthma), cardiovascular problems, and other adverse health impacts. This
proposal would reduce emissions of nitrogen oxides and other pollutants. In addition, this

proposal would make targeted updates to the existing Heavy-Duty Greenhouse Gas Emissions
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Phase 2 program, proposing that further GHG reductions in the MY 2027 timeframe are
appropriate considering lead time, costs, and other factors, including market shifts to zero-
emission technologies in certain segments of the heavy-duty vehicle sector. We also propose
limited amendments to the regulations that implement our air pollutant emission standards for
other sectors (e.g., light-duty vehicles, marine diesel engines, locomotives, various types of
nonroad engines, vehicles, and equipment).
DATES: Comments: Written comments must be received on or before [INSERT DATE 46
DAYS AFTER DATE OF PUBLICATION IN THE FEDERAL REGISTER]. Under the
Paperwork Reduction Act (PRA), comments on the information collection provisions are best
assured of consideration if the Office of Management and Budget (OMB) receives a copy of
your comments on or before [INSERT DATE 30 DAYS AFTER DATE OF PUBLICATION
IN THE FEDERAL REGISTER].
Public Hearing: EPA plans to hold a virtual public hearing on [INSERT DATE 15 DAYS
AFTER DATE OF PUBLICATION IN THE FEDERAL REGISTER]. An additional session
may be held on [INSERT DATE 16 DAYS AFTER DATE OF PUBLICATION IN THE
FEDERAL REGISTER]. Please refer to Participation in Virtual Public Hearing in the
SUPPLEMENTARY INFORMATION section for additional information on the public
hearing.
ADDRESSES:
You may send comments, identified by Docket ID No EPA-HQ-OAR-2019-0055, by any of

the following methods:

o Federal eRulemaking Portal: https://www.regulations.gov/ (our preferred method).

Follow the online instructions for submitting comments.


https://www.regulations.gov

o  Email: a-and-r-Docket@epa.gov. Include Docket ID No. EPA-HQ-OAR-2019-0055 in
the subject line of the message.

e Mail: U.S. Environmental Protection Agency, EPA Docket Center, OAR, Docket EPA-
HQ-OAR-2019-0055, Mail Code 28221T, 1200 Pennsylvania Avenue NW, Washington,
DC 20460.

e Hand Delivery or Courier (by scheduled appointment only): EPA Docket Center, WJC
West Building, Room 3334, 1301 Constitution Avenue, NW, Washington, DC 20004.
The Docket Center’s hours of operations are 8:30 a.m. — 4:30 p.m., Monday — Friday
(except Federal Holidays).

Instructions: All submissions received must include the Docket ID No. for this rulemaking.
Comments received may be posted without change to Attps.//www.regulations.gov/, including
any personal information provided. For detailed instructions on sending comments and additional
information on the rulemaking process, see the “Public Participation” heading of the
SUPPLEMENTARY INFORMATION section of this document. Out of an abundance of
caution for members of the public and our staff, the EPA Docket Center and Reading Room are
open to the public by appointment only to reduce the risk of transmitting COVID-19. Our Docket
Center staff also continues to provide remote customer service via email, phone, and webform.
Hand deliveries and couriers may be received by scheduled appointment only. For further
information on EPA Docket Center services and the current status, please visit us online at
https://www.epa.gov/dockets.

Public Hearing. EPA plans to hold a virtual public hearing for this rulemaking. Please refer to
Participation in Virtual Public Hearing in the SUPPLEMENTARY INFORMATION section

for additional information.
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FOR FURTHER INFORMATION CONTACT: Brian Nelson, Assessment and Standards
Division, Office of Transportation and Air Quality, Environmental Protection Agency, 2000
Traverwood Drive, Ann Arbor, MI 48105; telephone number: (734) 214-4278; email address:
nelson.brian@epa.gov.
SUPPLEMENTARY INFORMATION:
A. Public Participation
Written Comments

Submit your comments, identified by Docket ID No. EPA-HQ-OAR-2019-0055, at
https://www.regulations.gov (our preferred method), or the other methods identified in the
ADDRESSES section. Once submitted, comments cannot be edited or removed from the
docket. The EPA may publish any comment received to its public docket. Do not submit
electronically any information you consider to be Confidential Business Information (CBI) or
other information whose disclosure is restricted by statute. Multimedia submissions (audio,
video, etc.) must be accompanied by a written comment. The written comment is considered the
official comment and should include discussion of all points you wish to make. The EPA will
generally not consider comments or comment contents located outside of the primary submission
(i.e., on the web, cloud, or other file sharing system). For additional submission methods, the full
EPA public comment policy, information about CBI or multimedia submissions, and general
guidance on making effective comments, please visit https.//www.epa.gov/dockets/commenting-
epa-dockets.

Due to public health concerns related to COVID-19, the EPA Docket Center and Reading
Room are open to the public by appointment only. Our Docket Center staff also continues to

provide remote customer service via email, phone, and webform. Hand deliveries or couriers will
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be received by scheduled appointment only. For further information and updates on EPA Docket
Center services, please visit us online at https.//www.epa.gov/dockets.

The EPA continues to carefully and continuously monitor information from the Centers for
Disease Control and Prevention (CDC), local area health departments, and our Federal partners
so that we can respond rapidly as conditions change regarding COVID-19.

Participation in Virtual Public Hearing

Please note that because of current CDC recommendations, as well as state and local orders
for social distancing to limit the spread of COVID-19, EPA cannot hold in-person public
meetings at this time.

The EPA plans to hold a virtual public hearing on [INSERT DATE 15 DAYS AFTER
DATE OF PUBLICATION IN THE FEDERAL REGISTER]. An additional session may be
held on [INSERT DATE 16 DAYS AFTER DATE OF PUBLICATION IN THE FEDERAL
REGISTER]. This hearing will be held using Zoom. In order to attend the virtual public
hearing, all attendees (including those who will not be presenting verbal testimony) must register
in advance. EPA will begin pre-registering speakers for the hearing upon publication of this
document in the Federal Register. To register, please use the registration link that will be
available on the EPA rule webpage once registration begins: Attps://www.epa.gov/regulations-
emissions-vehicles-and-engines/proposed-rule-and-related-materials-control-air-1. A separate
registration form must be submitted for each person attending the hearing.

The last day to pre-register to speak at the hearing will be [INSERT 6 WORKING DAYS
BEFORE THE HEARING DATE]. The EPA will post a general agenda for the hearing with

the order of speakers at: https.//www.epa.gov/regulations-emissions-vehicles-and-
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engines/proposed-rule-and-related-materials-control-air-1. This agenda will be available no
later than [INSERT 1 WORKING DAY BEFORE THE HEARING DATE].

In order to allow everyone to be heard, EPA is limiting verbal testimony to three minutes per
person. Speakers will not be able to share graphics via the virtual public hearing. Speakers will
be able to request an approximate speaking time as part of the registration process, with
preferences considered on a first-come, first-served basis. EPA also recommends submitting the
text of oral comments as written comments to the rulemaking docket.

EPA will make every effort to follow the schedule as closely as possible on the day of the
hearing; however, please plan for the hearings to run either ahead of schedule or behind
schedule.

The EPA may ask clarifying questions during the oral presentations, but will not respond to
the presentations at that time. Written statements and supporting information submitted during
the comment period will be considered with the same weight as oral comments and supporting
information presented at the public hearing.

Please note that any updates made to any aspect of the hearing will be posted online at:
https://www.epa.gov/regulations-emissions-vehicles-and-engines/proposed-rule-and-related-
materials-control-air-1. While the EPA expects the hearing to go forward as described here,
please monitor our website or contact Tuana Phillips, (202)-565-0074, phillips.tuana@epa.gov
to determine if there are any updates. The EPA does not intend to publish a document in the
Federal Register announcing updates.

If you require the services of a translator or special accommodations such as audio

description, please pre-register for the hearing with Tuana Phillips, (202)-565-0074,
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phillips.tuana@epa.gov and describe your needs by [INSERT DATE 1 WEEK BEFORE THE
HEARING]. EPA may not be able to arrange accommodations without advanced notice.

B. General Information

Does this action apply to me?

This action relates to companies that manufacture, sell, or import into the United States new
heavy-duty highway engines. Additional amendments apply for gasoline refueling facilities and
for manufacturers of all sizes and types of motor vehicles, stationary engines, aircraft and aircraft
engines, and various types of nonroad engines, vehicles, and equipment. Regulated categories

and entities include the following:

NAICS Codes* NAICS Title

326199 All Other Plastics Product Manufacturing
332431 Metal Can Manufacturing

335312 Motor and Generator Manufacturing

336111 Automobile Manufacturing

336112 Light Truck and Utility Vehicle Manufacturing
336120 Heavy Duty Truck Manufacturing

336211 Motor Vehicle Body Manufacturing

336212 Truck Trailer Manufacturing

336213 Motor Home Manufacturing

336411 Manufacturers of new aircraft.

336412 Manufacturers of new aircraft engines.

333618 Other Engine Equipment Manufacturing
336999 All Other Transportation Equipment Manufacturing
423110 Automotive and Other Motor Vehicle Merchant Wholesalers
447110 Gasoline Stations with Convenience Stores
447190 Other Gasoline Stations

454310 Fuel dealers

811111 General Automotive Repair

811112 Automotive Exhaust System Repair

811198 All Other Automotive Repair and Maintenance

2 NAICS Association. NAICS & SIC Identification Tools. Available online:
https://'www.naics.com/search

This table is not intended to be exhaustive, but rather provides a guide for readers regarding
entities likely to be regulated by this action. This table lists the types of entities that EPA is now

aware could potentially be regulated by this action. Other types of entities not listed in the table
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could also be regulated. To determine whether your entity is regulated by this action, you should
carefully examine the applicability criteria found in Sections XII and XIII of this preamble. If
you have questions regarding the applicability of this action to a particular entity, consult the
person listed in the FOR FURTHER INFORMATION CONTACT section.

What action is the agency taking?

The Environmental Protection Agency (EPA) is proposing a rule that would reduce air
pollution from highway heavy-duty vehicles and engines. This proposal would change the
heavy-duty emission control program--including the standards, test procedures, regulatory useful
life, emission-related warranty, and other requirements--to further reduce the air quality impacts
of heavy-duty engines across a range of operating conditions and over a longer period of the
operational life of heavy-duty engines. Heavy-duty vehicles and engines are important
contributors to concentrations of ozone and particulate matter and their resulting threat to public
health, which includes premature death, respiratory illness (including childhood asthma),
cardiovascular problems, and other adverse health impacts. This proposal would reduce
emissions of nitrogen oxides and other pollutants. In addition, this proposal would make
targeted updates to the existing Heavy-Duty Greenhouse Gas Emissions Phase 2 program,
proposing that further GHG reductions in the MY 2027 timeframe are appropriate considering
lead time, costs, and other factors, including market shifts to zero-emission technologies in
certain segments of the heavy-duty vehicle sector.

What is the agency's authority for taking this action?

Section 202(a)(1) of the Clean Air Act requires the EPA to set emission standards for air

pollutants from new motor vehicles or new motor vehicle engines, which the Administrator has

found cause or contribute to air pollution that may endanger public health or welfare. See



Sections 1.A.4, I.F, and XIV of this preamble for more information on the agency’s authority for
this action.
What are the incremental costs and benefits of this action?

We compare total monetized health benefits to total costs associated with the proposed
Options 1 and 2 in Section IX. Our results show that annual benefits of the proposed Option 1
would be larger than the annual costs in 2045, a year when the program would be fully
implemented and when most of the regulated fleet would have turned over, with annual net
benefits of $9 and $31 billion assuming a 3 percent discount rate, and net benefits of $8 and $28
billion assuming a 7 percent discount rate.! Annual benefits would also be larger than annual
costs in 2045 for the proposed Option 2, although net benefits would be lower than from the
proposed Option 1 (net benefits of proposed Option 2 would be $6 and $23 billion at a 3 percent
discount rate, and net benefits of $5 and 21 billion at a 7 percent discount rate). See Section VIII
for more details on the net benefit estimates. For both the proposed Options 1 and 2, benefits also
outweigh the costs when expressed in present value terms and as equalized annual values.

Did EPA conduct a peer review before issuing this action?

This regulatory action was supported by influential scientific information. Therefore, EPA
conducted peer reviews in accordance with OMB’s Final Information Quality Bulletin for Peer
Review. Specifically, we conducted peer reviews on five analyses: 1) Analysis of Heavy-Duty
Vehicle Sales Impacts Due to New Regulation (Sales Impacts), 2) Exhaust Emission Rates for
Heavy-Duty Onroad Vehicles in MOVES CTI NPRM (Emission Rates), 3) Population and
Activity of Onroad Vehicles in MOVES CTI NPRM (Population and Activity), 4) Cost

teardowns of Heavy-Duty Valvetrain (Valvetrain costs), and 5) Cost teardown of Emission

! The range of benefits and net benefits reflects a combination of assumed PM, 5 and ozone mortality risk estimates
and selected discount rate.



Aftertreatment Systems (Aftertreatment Costs). These peer reviews were all letter reviews
conducted by a contractor. The peer review reports for each analysis are located in the docket
for this action and at EPA’s Science Inventory (https://cfpub.epa.gov/si/).
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A. Executive Order 12866: Regulatory Planning and Review and Executive Order 13563:
Improving Regulation and Regulatory Review

B. Paperwork Reduction Act (PRA)

C. Regulatory Flexibility Act (RFA)

D. Unfunded Mandates Reform Act (UMRA)

E. Executive Order 13132: Federalism

F. Executive Order 13175: Consultation and Coordination with Indian Tribal Governments
G. Executive Order 13045: Protection of Children from Environmental Health and Safety
Risks

H. Executive Order 13211: Actions Concerning Regulations That Significantly Affect Energy
Supply, Distribution, or Use

I. National Technology Transfer and Advancement Act (NTTAA) and 1 CFR part 51

J. Executive Order 12898: Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations.

XIV. Statutory Provisions and Legal Authority

Executive Summary

A. Purpose of the Regulatory Action

The Environmental Protection Agency (EPA) is proposing a multipollutant rule to further
reduce air pollution from heavy-duty engines and vehicles across the United States, including
ozone and particulate matter (PM). In addition, as part of this rulemaking we are proposing
targeted updates to the existing Heavy-Duty Greenhouse Gas Emissions Phase 2 program (HD
GHG Phase 2). This proposed rulemaking builds on and improves the existing emission control

program for on-highway heavy-duty engines and vehicles. This proposal is pursuant to EPA’s
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authority under the Clean Air Act to regulate air pollutants emitted from mobile sources. The
proposal is also consistent with Executive Order (E.O.) 14037, which directed EPA to consider
setting new oxides of nitrogen (NOx) emission standards and updating the existing GHG
emissions standards for heavy-duty engines and vehicles.?? In this proposed action, EPA is co-
proposing two regulatory options for new NOx standards: proposed Option 1 and proposed
Option 2. As discussed in Section B.1 of this Executive Summary and throughout this preamble,
we request comment on the options presented, as well as the full range of options between them.

Heavy-duty (HD) engines operating across the U.S. emit NOx and other pollutants that
contribute to ambient levels of ozone, PM, and NOx. These pollutants are linked to premature
death, respiratory illness (including childhood asthma), cardiovascular problems, and other
adverse health impacts. Data show that heavy-duty engines are important contributors to
concentrations of ozone and PMa.s and their resulting threat to public health.*>

The proposed rulemaking would change key provisions of the heavy-duty emission control
program-- including the standards, test procedures, regulatory useful life, emission-related
warranty, and other requirements; the two regulatory options (proposed Options 1 and 2) would
result in different numeric levels of the standards and lengths of useful life and warranty periods.
The proposed Options 1 and 2 and the range between them provide the numeric values for these
key provisions that we focus on for this proposal. Together, the key provisions in the proposal
would further reduce the air quality impacts of heavy-duty engines across a range of operating

conditions and over a longer period of the operational life of heavy-duty engines (see Section [.B

2 President Joseph Biden. Executive Order on Strengthening American Leadership in Clean Cars and Trucks.

86 FR 43583, August 10, 2021.

3 Oxides of nitrogen (NO,) refers to nitric oxide (NO) and nitrogen dioxide (NO>).

4 Zawacki et al, 2018. Mobile source contributions to ambient ozone and particulate matter in 2025. Atmospheric
Environment, Vol 188, pg 129-141. Available online: https://doi.org/10.1016/j.atmosenv.2018.04.057.

5> Davidson et al, 2020. The recent and future health burden of the U.S. mobile sector apportioned by source.
Environmental Research Letters. Available online: https://doi.org/10.1088/1748-9326/ab83a8.
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for an overview of the proposed program). The requirements in the proposed Option 1 and the
proposed Option 2 would lower emissions of NOx and other air pollutants (PM, hydrocarbons
(HC), air toxics, and carbon monoxide (CO)) beginning as early as model year (MY) 2027. The
emission reductions from both the proposed Option 1 and the proposed Option 2 would increase
over time as more new, cleaner vehicles enter the fleet.

We estimate that if finalized as proposed, the proposed Option 1 would reduce NOx emissions
from heavy-duty vehicles in 2040 by more than 50 percent; by 2045, a year by which most of the
regulated fleet would have turned over, heavy-duty NOx emissions would be more than 60
percent lower than they would have been without this action. Our estimates show proposed
Option 2 would reduce heavy-duty NOx emissions in 2045 by 47 percent (see Section I.D for
more information on our projected emission reductions from proposed Option 1 or 2). These
emission reductions would result in air quality improvements in ozone and PMz.s; we estimate
that in 2045, the proposed Option 1 would result in total annual monetized ozone- and PMaz s-
related benefits of $12 and $33 billion at a 3 percent discount rate, and $10 and $30 billion at a 7
percent discount rate. In the same calendar year, proposed Option 2 would result in total annual
monetized ozone- and PMa.s-related benefits of $9 and $26 billion at a 3 percent discount rate,
and $8 and $23 billion at a 7 percent discount (see Section VIII for discussion on quantified and
monetized health impacts). Given the analysis we present in this proposal, we currently believe
that Option 1 may be a more appropriate level of stringency as it would result in a greater level
of achievable emission reduction for the model years proposed, which is consistent with EPA’s
statutory authority under Clean Air Act section 202(a)(3). These emission reductions would
result in widespread decreases in ambient concentrations of pollutants such as ozone and PMa:s.

These widespread projected air quality improvements would play an important role in addressing
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concerns from states, local communities, and Tribal governments about the contributions of
heavy-duty engines to air quality challenges they face such as meeting their obligations to attain
or continue to meet National Ambient Air Quality Standards (NAAQS), and to reduce other
human health and environmental impacts of air pollution.

In addition to further reducing emissions of NOx and other ozone and PMa s precursors, as
part of this rulemaking we are proposing targeted updates to the existing Heavy-Duty
Greenhouse Gas Emissions Phase 2 program (HD GHG Phase 2).° The proposed updates would
apply to certain CO2 standards for MYs 2027 and later trucks that are appropriate considering
lead time, costs, and other factors, including market shifts to zero-emission technologies in
certain segments of the heavy-duty vehicle sector. The proposed updates are intended to balance
further incentivizing zero and near-zero emissions vehicle development with ensuring that the
standards achieve an appropriate fleet-wide level of CO2 emissions reductions.

1. Industry Overview

Heavy-duty highway vehicles (also referred to as "trucks" in this preamble) range from
vocational vehicles that support local and regional construction, refuse collection, and delivery
work to long-haul tractor-trailers that move freight cross-country. This diverse array of vehicles
is categorized into weight classes based on gross vehicle weight ratings (GVWR) that span Class
2b trucks and vans greater than 8,500 Ibs GVWR through Class 8 long-haul tractors and other

commercial vehicles that exceed 33,000 Ibs GVWR.” These vehicles are primarily powered by

681 FR at 73478 (October 25, 2016)

7" This proposed rulemaking includes revised criteria pollutant standards for engine-certified Class 2b through 8
heavy-duty engines and vehicles; this proposal also includes revised GHG standards for Class 4 through 8 vehicles.
Class 2b and 3 vehicles with GVWR between 8,500 and 14,000 pounds are primarily commercial pickup trucks and
vans and are sometimes referred to as "medium-duty vehicles". The majority of Class 2b and 3 vehicles are chassis-
certified vehicles, and EPA intends to include them in a future combined light-duty and medium-duty rulemaking
action, consistent with E.O, 14037, Section 2a. Heavy-duty engines and vehicles are also used in nonroad
applications, such as construction equipment; nonroad heavy-duty engines and vehicles are not the focus of this
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diesel-fueled, compression-ignition (CI) engines, although gasoline-fueled, spark-ignition (SI)
engines are common in the lighter weight classes, and smaller numbers of alternative fuel
engines (e.g., liquified petroleum gas, compressed natural gas) are found in the heavy-duty fleet.
Vehicles powered by electricity, either in the form of battery electric vehicles (BEVs) or fuel cell
electric vehicles (FCEVs) are also increasingly entering the heavy-duty fleet. The operational
characteristics of some commercial applications (e.g., delivery vehicles) can be similar across
several vehicle weight classes, allowing a single engine, or electric power source in the case of
BEVs and FCEVs, to be installed in a variety of vehicles. For instance, engine specifications
needed for a Class 4 parcel delivery vehicle may be similar to the needs of a Class 5 mixed
freight delivery vehicle or a Class 6 beverage truck. Performance differences needed to operate
across this range of vehicles can be achieved through adjustments to chassis-based systems (e.g.,
transmission, cooling system) external to the engine.
2. The Need for Additional Emission Control of NOx and Other Pollutants from Heavy-Duty
Engines

Across the U.S., NOx emissions from heavy-duty engines are important contributors to
concentrations of ozone and PMa.s and their resulting health effects.®” Heavy-duty engines will
continue to be one of the largest contributors to mobile source NOx emissions nationwide in the

future, representing 32 percent of the mobile source NOx emissions in calendar year 2045.1°

proposal. See Section I for more discussion on the spectrum of heavy-duty vehicles and how they relate to the
proposed rule. As outlined in Section C of this Executive Summary and detailed in Section XII, this proposal also
includes limited amendments to regulations that implement our air pollutant emission standards for other industry
sectors, including light-duty vehicles, light-duty trucks, marine diesel engines, locomotives, and various types of
nonroad engines, vehicles, and equipment.

8 Zawacki et al, 2018. Mobile source contributions to ambient ozone and particulate matter in 2025. Atmospheric
Environment, Vol 188, pg 129-141. Available online: https://doi.org/10.1016/j.atmosenv.2018.04.057.

° Davidson et al, 2020. The recent and future health burden of the U.S. mobile sector apportioned by source.
Environmental Research Letters. Available online: https://doi.org/10.1088/1748-9326/ab83a8.

10°U.S. Environmental Protection Agency (2021). 2016v1 Platform. Atips://www.epa.gov/air-emissions-
modeling/2016v1-platform.
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Furthermore, it is estimated that heavy-duty engines would represent 89 percent of the onroad
NOx inventory in calendar year 2045.'" Reducing NOx emissions is a critical part of many areas’
strategies to attain and maintain the ozone and PM NAAQS; many state and local agencies
anticipate challenges in attaining the NAAQS, maintaining the NAAQS in the future, and/or
preventing nonattainment (see Section II). Some nonattainment areas have already been
"bumped up" to higher classifications because of challenges in attaining the NAAQS.!?

In addition, emissions from heavy-duty engines can significantly affect individuals living near
truck freight routes. Based on a study EPA conducted of people living near truck routes, an
estimated 72 million people live within 200 meters of a truck freight route (see discussion in
Section II.B.7). Relative to the rest of the population, people of color and those with lower
incomes are more likely to live near truck routes (see Sections II.B and VII.H for additional
discussion on our analysis of environmental justice impacts of this proposal). This population
includes children, and in addition, childcare facilities and schools can be in close proximity to
freight routes. '3

Clean Air Act section 202(a)(3)(A) requires EPA to set emission standards for NOx, PM, HC,
and CO that reflect the greatest degree of emission reduction achievable through the application
of technology that will be available for the model year to which such standards apply. Although
heavy-duty engines have become much cleaner over the last decade, catalysts and other

technologies have evolved such that harmful air pollutants can be reduced even further.

! Han, Jachoon. Memorandum to the Docket EPA-HQ-OAR-2019-0055: “MOVES Modeling-Related Data Files
(MOVES Code, Input Databases and Runspecs) for the Proposed Heavy-Duty 2027 Standards”. February 2022.

12 For example, in September 2019 several 2008 ozone nonattainment areas were reclassified from moderate to
serious, including Dallas, Chicago, Connecticut, New York/New Jersey and Houston, and in January 2020, Denver.
The 2008 NAAQS for ozone is an 8-hour standard with a level of 0.075 ppm, which the 2015 ozone NAAQS
lowered to 0.070 ppm.

13 Kingsley, S., Eliot, M., Carlson, L. et al. Proximity of US schools to major roadways: a nationwide assessment. J
Expo Sci Environ Epidemiol 24, 253-259 (2014). https://doi.org/10.1038/jes.2014.5.
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Heavy-duty emissions that affect local and regional populations are attributable to several
engine operating modes and processes. Specifically, the operating modes and processes projected
to contribute the most to the heavy-duty NOx emission inventory in 2045 are medium-to-high
load (36 percent), low-load (28 percent), and aging (24 percent) (i.e., deterioration and mal-
maintenance of the engine's emission control system) (see Section VI for more information on
projected inventory contributions from each operating mode or process). These data suggest that
medium- and high-load operating conditions continue to merit concern, while also showing that
opportunities for significant additional emission reductions and related air quality improvements
can be achieved through provisions that encourage emission control under low-load operation
and throughout an engine's operational life. Our approach for provisions that address these
aspects of the emission inventory is outlined below and described in more detail in sections that
follow.

As described in Section III, the standards in proposed Options 1 and 2 would reduce
emissions during a broader range of operating conditions that span nearly all in-use operation.
The standards in proposed Options 1 and 2 are based on technology improvements which have
become available over the 20 years since the last major rule was promulgated to address
emissions of NOx, PM, HC, and CO (hereafter referred to as "criteria pollutants") and toxic
pollutants from heavy-duty engines. As further detailed in Section III, available data indicate that

emission levels demonstrated for certification are not achieved under the broad range of real-
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world operating conditions. *13:16:17 In fact, less than ten percent of the data collected during a
typical test while the vehicle is operated on the road is subject to EPA's in-use, on-the-road
emission standards.'® These testing data further show that NOx emissions from heavy-duty
diesel vehicles are high during many periods of vehicle operation that are not subject to current
on-the-road emission standards. For example, "low-load" engine conditions occur when a vehicle
operates in stop-and-go traffic or is idling; these low-load conditions can result in exhaust
temperature decreases that then lead to the diesel engine's selective catalytic reduction (SCR)-
based emission control system becoming less effective or ceasing to function. Test data collected
as part of EPA’s manufacturer-run in-use testing program indicate that this low-load operation
could account for more than half of the NOx emissions from a vehicle during a typical
workday.! Similarly, heavy-duty SI engines also operate in conditions where their catalyst
technology becomes less effective, resulting in higher levels of air pollutants; however, unlike CI
engines, it is sustained medium-to-high load operation where emission levels are less certain.

As noted in this Section A.2 of the Executive Summary, deterioration and mal-maintenance of
the engine's emission control system is also projected to result in NOx emissions that would
represent a substantial part of the HD inventory in 2045. To address this problem, as part of our

comprehensive approach, both proposed Options 1 and 2 include longer regulatory useful life

14 Hamady, Fakhri, Duncan, Alan. “A Comprehensive Study of Manufacturers In-Use Testing Data Collected from
Heavy-Duty Diesel Engines Using Portable Emissions Measurement System (PEMS).” 29th CRC Real World
Emissions Workshop, March 10 -13, 2019.

15 Sandhu, Gurdas, et al. “Identifying Areas of High NOx Operation in Heavy-Duty Vehicles”. 28th CRC Real-
World Emissions Workshop, March 18-21, 2018.

16 Sandhu, Gurdas, et al. “In-Use Emission Rates for MY 2010+ Heavy-Duty Diesel Vehicles”. 27th CRC Real-
World Emissions Workshop, March 26-29, 2017.

17 As noted in Section C of this Executive Summary and discussed in Section III, testing engines and vehicles while
they are operating over the road without a defined duty cycle is referred to as "off-cycle" testing; as detailed in
Section III, we are proposing new off-cycle test procedures and standards as part of this rulemaking.

18 Heavy-duty CI engines are currently subject to off-cycle standards that are not limited to specific test cycles, but
we use the term "on-the-road" here for readability.

19 Sandhu, Gurdas, et al. “Identifying Areas of High NOx Operation in Heavy-Duty Vehicles”. 28th CRC Real-
World Emissions Workshop, March 18-21, 2018.
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and emission-related warranty requirements that would maintain emission control through more
of the operational life of heavy-duty vehicles (see Section IV for more discussion on the
proposed useful life and warranty requirements).

Reducing NOx emissions from heavy-duty vehicles would address health and environmental
issues raised by state, local, and Tribal agencies in their comments on the Advance Notice of
Proposed Rule (ANPR).2° In addition to concerns about meeting the ozone and PM25s NAAQS,
they expressed concerns about environmental justice, regional haze, and damage to terrestrial
and aquatic ecosystems. They mentioned the impacts of NOx emissions on numerous locations,
such as the Chesapeake Bay, Narragansett Bay, Long Island Sound, Joshua Tree National Park
and the surrounding Mojave Desert, the Adirondacks, and other areas. Tribes and agencies
commented that NOx deposition into lakes is harmful to fish and other aquatic life forms on
which they depend for subsistence livelihoods. They also commented that regional haze and
increased rates of weathering caused by pollution are of particular concern and can damage
culturally significant archeological sites.

3. The Historic Opportunity for Clean Air provided by Zero-Emission Vehicles

We are at the early stages of a significant transition in the history of the heavy-duty on-
highway sector—a shift to zero-emission vehicle (ZEV) technologies. This change is underway
and presents an opportunity for significant reductions in heavy-duty vehicle emissions. Major
trucking fleets, manufacturers and U.S. states have announced plans to transition the heavy-duty
fleet to zero-emissions technology, and over just the past few years we have seen the early

introduction of zero-emission technology into a number of heavy-duty vehicle market segments.

20 The Agency published an ANPR on January 21, 2020 to present EPA's early thinking on this rulemaking and
solicit feedback from stakeholders to inform this proposal (85 FR 3306).
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Executive Order 14037 identifies three potential regulatory actions for EPA to consider: (1)
this proposed rule for heavy-duty vehicles for new criteria pollutant standards and strengthening
of the Model Year 2027 GHG standards; (2) a separate rulemaking to establish more stringent
criteria and GHG emission standards for medium-duty vehicles for Model Year 2027 and later
(in combination with light-duty vehicles); and (3) a third rulemaking to establish new GHG
standards for heavy-duty vehicles for Model Year 2030 and later. This strategy will establish the
EPA regulatory path for the future of the heavy-duty vehicle sector, and in each of these actions
EPA will consider the critical role of ZEVs in enabling stringent emission standards.

In addition to the proposed standards and requirements for NOx and other air pollutant
emissions, we are also proposing targeted revisions to the already stringent HD GHG Phase 2
rulemaking, which EPA finalized in 2016.>! The HD GHG Phase 2 program includes GHG
emission standards tailored to certain regulatory vehicle categories in addition to heavy-duty
engines including: combination tractors; vocational vehicles; and heavy-duty pickup trucks and
vans. The HD GHG Phase 2 program includes progressively more stringent CO2 emission
standards for HD engines and vehicles; these standards phase in starting in MY 2021 through
MY 2027. The program built upon the GHG Phase 1 program promulgated in 2011, which set
the first-ever GHG emission standards for heavy-duty engines and trucks.??

When the HD GHG Phase 2 rule was promulgated in 2016, we established the Phase 2 GHG
standards and advanced technology incentives on the premise that electrification of the heavy-
duty market was unlikely to occur in the timeframe of the program. However, several factors

have arisen since the adoption of Phase 2 that have changed our outlook for heavy-duty electric

21'81 FR 73478 (October 25, 2016). Note that the HD GHG Phase 2 program also includes coordinated fuel
efficiency standards established by the U.S. Department of Transportation through the National Highway Traffic
Safety Administration, and those standards were established in a joint rulemaking process with EPA.

2276 FR 57106, September 15, 2011
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vehicles. First, the heavy-duty market has evolved such that in 2021, there are a number of
manufacturers producing fully electric heavy-duty vehicles in a number of applications. Second,
the State of California has adopted an Advanced Clean Trucks program that includes a
manufacturer sales requirement for zero-emission truck sales, specifically that “manufacturers
who certify Class 2b-8 chassis or complete vehicles with combustion engines would be required
to sell zero-emission trucks as an increasing percentage of their annual California sales from
2024 to 2035.”% Finally, other states have signed a Memorandum of Understanding establishing
goals to increase the heavy-duty electric vehicle market. >* We are proposing that further GHG
reductions in the MY 2027 timeframe are appropriate considering lead time, costs, and other
factors, including these developments to zero-emission technologies in certain segments of the
heavy-duty vehicle sector. We discuss the impacts of these factors on the heavy-duty market in
Section XI. As outlined in Section I.B and detailed in Section XI, we are proposing to increase
the stringency of the existing MY 2027 standards for many of the vocational vehicle and tractor
subcategories, specifically those where we project early introduction of ZEVs. We are also
considering whether it would be appropriate in the final rule to increase the stringency of the
standards even more than what we propose for MYs 2027-2029, including the potential for
progressively more stringent CO2 standards across these three model years. Progressively
strengthening the stringency of the standards for model years 2028 and 2029 could help smooth
the transition to ambitious greenhouse gas standards for the heavy-duty sector starting as soon as
model year 2030. We believe there is information and data that could support higher projected

penetrations of HD ZEVs in the MY 2027 to 2029 timeframe and we request comment and

23 CARB. "Notice of Decision: Advanced Clean Truck Regulation." June 2020. Available online at:
https://ww3.arb.ca.gov/regact/2019/act2019/nod.pdf.

24 Fifteen states and one district sign Multi-State MOU. https.//www.nescaum.org/documents/multistate-truck-zev-
governors-mou-202007 14.pdf.
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additional supporting information and data on higher penetration rates, which could serve as the
basis for the increase in the stringency of the COz standards for specific Phase 2 vehicle
subcategories. For example, what information and data are available that would support HD ZEV
penetration rates of 5 percent or 10 percent (or higher) in this timeframe, and in what HD vehicle
applications and categories. We are also requesting comment on an aspect of the HD GHG Phase
2 advanced technology incentive program.

EPA has heard from a number of stakeholders urging EPA to put in place policies to rapidly
advance ZEVs in this current rulemaking, and to establish standards requiring 100 percent of all
new heavy-duty vehicles be zero-emission no later than 2035. The stakeholders state that
accelerating ZEV technologies in the heavy-duty market is necessary to prioritize environmental
justice in communities that are impacted by freight transportation and already overburdened by
pollution.?> One policy EPA has been asked to consider is the establishment of a ZEV sales
mandate (i.e., a nationwide requirement for manufacturers to produce a portion of their new
vehicle fleet as ZEVs). EPA is not proposing in this action to establish a heavy-duty ZEV
mandate. EPA in this action is considering how the development and deployment of ZEVs can
further the goals of environmental protection and best be reflected in the establishment of EPA’s
standards and regulatory program for MY 2027 and later heavy-duty vehicles. As discussed
earlier in this section, EPA will also be considering the important role of ZEV technologies in
the upcoming light-duty and medium-duty vehicle proposal for MY 2027 and later, and in the
heavy-duty vehicle proposal for MY 2030 and later. EPA requests comment under this proposal

on how the Agency can best consider the potential for ZEV technologies to significantly reduce

25 Letter to EPA Administrator Michael Regan from the Moving Forward Network. October 26, 2021.
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air pollution from the heavy-duty vehicle sector (including but not limited to the topic of whether
and how to consider including specific sales requirements for HD ZEVs).
4. Statutory Authority for this Action

As discussed in Section I, EPA is proposing revisions to emission standards and other
requirements applicable to emissions of NOx, PM, HC, CO, and GHG from new heavy-duty
engines and vehicles under our broad statutory authority to regulate air pollutants emitted from
mobile sources, consistent with our history of using a multi-pollutant approach to regulating
criteria pollutants and GHG emissions from heavy-duty engines and vehicles. Section 202(a)(1)
of the Clean Air Act (CAA) requires the EPA to “by regulation prescribe (and from time to time
revise) . . . standards applicable to the emission of any air pollutant from any class or classes of
new motor vehicles or new motor vehicle engines. . ., which in his judgment cause, or contribute
to, air pollution which may reasonably be anticipated to endanger public health or welfare”.
Standards under CAA section 202(a) take effect "after such period as the Administrator finds
necessary to permit the development and application of the requisite technology, giving
appropriate consideration to the cost of compliance within such period." Thus, in establishing or
revising CAA section 202(a) standards designed to reduce air pollution that endangers public
health and welfare, EPA also must consider issues of technological feasibility, compliance cost,
and lead time. EPA may consider other factors such as safety. There are currently heavy-duty
engine and vehicle standards for emissions of NOx, PM, HC, CO, and GHGs.

Under CAA section 202(a)(3)(A), standards for emissions of NOx, PM, HC, and CO
emissions from heavy-duty vehicles and engines are to “reflect the greatest degree of emission
reduction achievable through the application of technology which the Administrator determines

will be available for the model year to which such standards apply, giving appropriate
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consideration to cost, energy, and safety factors associated with the application of such
technology.”?® Section 202(a)(3)(C) requires that these standards apply for no less than 3 model
years and apply no earlier than 4 years after promulgation.

Emission standards set under CAA section 202(a) apply to vehicles and engines "for their
useful life." CAA section 202(d) directs EPA to prescribe regulations under which the useful life
of vehicles and engines shall be determined, and for heavy-duty vehicles and engines establishes
minimum values of 10 years or 100,000 miles, whichever occurs first, unless EPA determines
that greater values are appropriate. CAA section 207(a) further requires manufacturers to
provide an emissions warranty, and EPA set the current warranty periods for heavy-duty engines
in 1983.%7

As outlined in this executive summary, the proposed program would reduce heavy-duty
emissions through several major provisions pursuant to the CAA authority described in this
section. Sections I.F and XIV of this preamble further discuss our statutory authority for this
proposal; Section .G further describes the basis of our proposed NOx, PM, HC, CO, and GHG
emission standards and other requirements. Section XIII describes how this proposal is also
consistent with E.O. 14037, "Strengthening American Leadership in Clean Cars and Trucks"
(August 5, 2021), which directs EPA to consider taking action to establish new NOx standards
for heavy-duty engines and vehicles beginning with model year 2027.

B. Overview of the Regulatory Action
Our approach to further reduce air pollution from highway heavy-duty engines and vehicles

through the proposed program features several key provisions. We co-propose options to address

26 Section 202(a)(3)(A) and (C) apply only to regulations applicable to emissions of these four pollutants and do not
apply to regulations applicable to GHGs.
2748 FR 52170, November 16, 1983.
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criteria pollutant emissions from heavy-duty engines. In addition, this proposal would make
targeted updates to the existing Heavy-Duty Greenhouse Gas Emissions Phase 2 program,
proposing that further GHG reductions in the MY 2027 timeframe are appropriate considering
lead time, costs, and other factors, including market shifts to zero-emission technologies in
certain segments of the heavy-duty vehicle sector. We also propose limited amendments to the
regulations that implement our air pollutant emission standards for other sectors (e.g., light-duty
vehicles, marine diesel engines, locomotives, various types of nonroad engines, vehicles, and
equipment). Our proposed provisions are briefly described in this Section [.B and summarized in
Section I.C. We describe the proposed Options 1 and 2 in detail in the Sections III, IV, and XI.
We discuss our analyses of estimated emission reductions, air quality improvements, costs, and
monetized benefits of the proposed program in Section 1.D below, and these are detailed in
Sections V through X.
1. Overview of Criteria Pollutant Program

The proposed provisions to reduce criteria pollutant emissions can be thought of in three
broad categories: 1) controlling emissions under a broader range of engine operating conditions,
2) maintaining emission control over a greater portion of an engine's operational life?®, and 3)
providing manufacturers with flexibilities to meet the proposed standards while clarifying our
regulations. Specifically, provisions in the first category would include updated test procedures
and revised emission standards, while those in the second category would include lengthened
regulatory useful life and emission warranty periods, as well as several other updates to

encourage proper maintenance and repair. These provisions would apply to heavy-duty engines

28 As further discussed in Section IV.A, we use "operational life" to refer to when engines are in use on the road.
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used in Class 2b through 8 vehicles.? Provisions in the third category would provide
opportunities to generate NOx emission credits that provide manufacturers with flexibilities to
meet the proposed standards and encourage the introduction of new emission control
technologies earlier than required. This category also includes our proposal to modernize our
current regulatory text, including clarifications and updates for hybrid electric, battery-electric,
and fuel cell electric heavy-duty vehicles.

Our discussion below focuses on the revised emission standards and useful life and warranty
periods contained in two regulatory options that we are proposing: the proposed Option 1 and the
proposed Option 2. Although we refer to the two regulatory options as the proposed Option 1
and the proposed Option 2, we are giving full consideration to both options, as well as the full
range of options between them. Both the proposed Option 1 and the proposed Option 2 would
begin in MY 2027, but the proposed Option 1 would have a second step in MY 2031. Overall,
proposed Option 2 is less stringent than the MY 2031 standards in the proposed Option 1 because
the proposed Option 2 has higher numeric NOx emission standards and shorter useful life
periods. As discussed in Section D of this Executive Summary and Section VI, we project
proposed Option 1 would result in greater emission reductions than proposed Option 2; Section
I.G summarizes the basis of our proposed Options 1 and 2 with details on our feasibility analysis
for each option presented in Section III. In addition to the proposed Options 1 and 2, we present
an alternative (the Alternative) that we also considered. The Alternative is more stringent than
either the proposed Option 1 MY 2031 standards or the proposed Option 2 because the

Alternative has shorter lead time, lower numeric NOx emission standards and longer useful life

2 EPA plans to consider new standards for chassis-certified Class 2b and 3 vehicles (GVWR between 8,500 and
14,000 pounds) as part of a future combined light-duty and medium-duty rulemaking action, consistent with E.O.
14037. We are not proposing changes to the standards or test procedures for chassis-certified heavy-duty vehicles.
Instead, this proposal focuses on engine-certified products.
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periods. We note that we currently are unable to conclude that the Alternative is feasible in the
MY 2027 timeframe over the useful life periods in the Alternative in light of deterioration in the
emission control technologies that we have evaluated to date, and we expect that we would need
additional supporting data or other information in order to determine that the Alternative is
feasible in the MY 2027 timeframe to consider adopting it in the final rule.

The proposed Option 1 and proposed Option 2 generally represent the range of regulatory
options, including the standards and test procedures, regulatory useful life and emission-related
warranty periods and implementation schedules that we are currently considering in this
rulemaking, depending in part on any additional comments and other information we receive on
the feasibility, costs, and other impacts of the proposed Options 1 and 2. We request comment on
all aspects of the proposed Options 1 and 2, or other alternatives roughly within the range of
options covered by the proposed Options 1 and 2, including the revised emission standards and
useful life and warranty periods, one and two-step approaches, model years of implementation
and other provisions described in this proposal. Based on currently available information, in
order to consider adopting the Alternative in the final rule, we believe we would need additional
supporting data or other information to be able to conclude that the Alternative is feasible in the
MY 2027 timeframe. We request comment, including relevant data and other information,
related to the feasibility of the implementation model year, numeric levels of the emission
standards, and useful life and warranty periods included in the Alternative, or other alternatives
outside the range of options covered by the proposed Options 1 and 2.

We will continue learning about the capability and durability of engine and aftertreatment

technologies through our ongoing technology evaluations, as well as any information provided in
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public comments on this proposal. Section III describes our plans for expanding on the analyses
developed for this proposal.
2. Overview of Targeted Revisions to the HD GHG Phase 2 Program

In addition to the proposed criteria pollutant program provisions, we are proposing to increase
the stringency of the existing GHG standards for MY 2027 trucks and requesting comment on
updates to the advanced technology incentive program for electric vehicles. We propose updates
to select MY 2027 GHG standards after consideration of the market shifts to zero-emission
technologies in certain segments of the heavy-duty vehicle sector. These proposed GHG
provisions are based on our evaluation of the heavy-duty EV market for the MY 2024 through
2027 timeframe. While the HD Phase 2 GHG standards were developed in 2016 based on the
premise that electrification of the heavy-duty market beyond low volume demonstration projects
was unlikely to occur in the timeframe of the program, our current evaluation shows that there
are a number of manufacturers producing fully electric heavy-duty vehicles in several
applications in 2021 - and this number is expected to grow in the near term. These developments
along with considerations of lead time, costs and other factors have demonstrated that further
GHG reductions in the MY 2027 timeframe are appropriate. We expect school buses, transit
buses, delivery trucks (such as box trucks or step vans), and short haul tractors to have the
highest EV sales of all heavy-duty vehicle types between now and 2030.>° We have given careful
consideration to an approach that would result in targeted updates to reflect the emerging HD EV
market without fundamentally changing the HD GHG Phase 2 program as a whole. Thus, we are
proposing targeted updates to the HD Phase 2 GHG standards to account for the current

electrification of the market by making changes to only those standards that are impacted by

30 See Section XI1.B for more on the growing EV market for these four vehicle types.
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these four types of electric vehicles. We believe this proposal considered the feasibility of
technologies, cost, lead time, emissions impact, and other relevant factors, and therefore these
standards are appropriate under CAA section 202(a). We also are seeking comment on changes
to the advanced technology credit program since the current level of HD GHG Phase 2
incentives for electrification may no longer be appropriate for certain segments of the HD EV
market considering the projected rise in electrification. We provide an overview of this approach
in this Section I.C and detail our proposal in Section XI.
C. Summary of the Major Provisions in the Regulatory Action
1. Controlling Criteria Pollutant Emissions Under a Broader Range of Engine Operating
Conditions

In the first broad category of provisions to reduce criteria pollutant emissions in this
rulemaking, we are proposing to reduce emissions from heavy-duty engines under a range of
operating conditions through revisions to our emissions standards and test procedures. These
revisions would apply to both laboratory-based standards and test procedures for both heavy-
duty CI and SI engines, as well as the standards and test procedures for heavy-duty CI engines on
the road in the real world.>!
1. Proposed Laboratory Standards and Test Procedures

For heavy-duty CI engines, we are proposing new standards for laboratory-based tests using

the current duty cycles, the transient Federal Test Procedure (FTP) and the steady-state

31 Duty cycle test procedures measure emissions while the engine is operating over precisely defined duty cycles in
an emissions testing laboratory and provide very repeatable emission measurements. "Off-cycle" test procedures
measure emissions while the engine is not operating on a specified duty-cycle; this testing can be conducted while
the engine is being driven on the road (e.g., on a package delivery route), or in an emission testing laboratory. We
may also refer to off-cycle test procedures in this preamble as "on the road" testing for simplicity. Both duty cycle
and off-cycle testing are conducted pre-production (e.g., for certification) or post-production to verify that the
engine meets applicable duty cycle or off-cycle emission standards throughout useful life (See Section III.A and
IV.K for more discussion).
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Supplemental Emission Test (SET) procedure. These existing test procedures require CI engine
manufacturers to demonstrate the effectiveness of emission controls when the engine is
transitioning from low-to-high loads or operating under sustained high load, but do not provide
for demonstrating emission control under sustained low-load operations. We are proposing that
laboratory demonstrations for heavy-duty CI engines would also include a new low-load cycle
(LLC) test procedure to demonstrate that emission controls are meeting proposed LLC standards
when the engine is operating under low-load and idle conditions. The proposed addition of the
LLC would help ensure lower NOx emissions in urban areas and other locations where heavy-
duty vehicles operate in stop-and-go traffic or other low-load conditions.

For heavy-duty SI engines, we are proposing new standards for their laboratory
demonstrations using the current FTP duty cycle, and updates to the current engine mapping
procedure to ensure the engines achieve the highest torque level possible during testing. We are
proposing to add the SET procedure to the heavy-duty SI laboratory demonstrations; it is
currently only required for heavy-duty CI engines. Heavy-duty SI engines are increasingly used
in larger heavy-duty vehicles, which makes it more likely for these engines to be used in higher-
load operations covered by the SET. We are further proposing a new refueling emission standard
for incomplete vehicles above 14,000 Ib GVWR starting in MY 2027.%? The proposed refueling
standard is based on the current refueling standard that applies to complete heavy-duty gasoline-
fueled vehicles. Consistent with the current evaporative emission standards that apply for these
same vehicles, we are proposing that manufacturers could use an engineering analysis to

demonstrate that they meet our proposed refueling standard.

32 Some vehicle manufactures sell their engines or "incomplete vehicles" (i.e., chassis that include their engines, the
frame, and a transmission) to body builders who design and assemble the final vehicle.
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Our proposed Option 1 and proposed Option 2 NOx emission standards for all defined duty
cycles for heavy-duty CI and SI engines are detailed in Table 1. As shown, the proposed Option
1 NOx standards would be implemented in two steps beginning with MY 2027 and becoming
more stringent in MY 2031. The proposed Option 2 NOx emission standards would be
implemented with a single step in MY 2027. As noted in Section B.1 of this Executive
Summary, overall, we consider proposed Option 2 to be less stringent than the standards in the
proposed Option 1 because proposed Option 2 has higher numeric NOx emission standards with
similar useful life periods as the proposed Option 1 in MY 2027, and shorter length of useful life
periods than the proposed Option 1 in MY 2031. In contrast, the Alternative is more stringent
than proposed Option 1's MY 2031 standards (see Section III), and we currently do not have
information to support the conclusion that the combination of shorter lead time, lower numeric
levels of the standards and longer useful life periods in the Alternative is feasible in the MY
2027 timeframe based on the emission control technologies we have evaluated to date. See
Section III for more discussion on feasibility. Consistent with our current approach for criteria
pollutants, the standards in proposed Options 1 and 2, presented in Table 1, are numerically

identical for SI and CI engines.*?

33 See Section I1I for our proposed and alternative PM, HC, and CO standards.
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Table 1: Proposed Options 1 and 2 NOx Emission Standards for Heavy-Duty CI and SI Engines on Specific
Duty Cycles [milligrams/horsepower-hour (mg/hp-hr)]?

Proposed Option 1 Proposed Option 2

Model

Years Model Years 2031 and later Model Years 2027 and later

2027-2030
Duty Cycle Spark Ignition Heavy HDE Heavy HDE .. .

. through Spark Ignition HDE, Light
All HD HDE, Light . from IUL to .
. Intermediate HDE, Medium HDE,
Engines HDE, and Useful Life Full Useful Heavy HDE
Medium HDE v Life (FUL vy
(IUL)

FTP
(transient mid/high |35 20 20 40 50
load conditions)
SET
(steady-state 35 20 20 40 50
conditions)
LLC
(low-load 90 50 50 100 100
conditions)

2 The current FTP and SET standard for all HD engines is 0.20 g/hp-hr or 200 mg/hp-hr; we are proposing the
LLC test procedure and therefore there is not a current standard for the LLC.

ii. Proposed On-the-Road Standards and Test Procedures

In addition to demonstrating emission control over defined duty cycles in a laboratory, heavy-
duty CI engines must be able to demonstrate emission control over an undefined duty cycle
while engines are in use on the road in the real world. Both proposed Options 1 and 2 include
updates to the procedure for "off-cycle" testing, such that data collected during a wider range of
operating conditions would be valid, and therefore subject to emission standards.**

Similar to the current approach, emission measurements collected during off-cycle testing
would be collected on a second-by-second basis. We are proposing the emissions data would be
grouped into 300-second windows of operation. Each 300-second window would then be binned
based on the type of operation that the engine performs during that 300-second period.

Specifically, the average power of the engine during each 300-second window would determine

3% As discussed in Section I1I, "off-cycle" testing measures emissions while the engine is not operating on a specified
duty-cycle; this testing can be conducted while the engine is being driven on the road (e.g., on a package delivery
route), or in an emission testing laboratory.
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whether the emissions during that window are binned as idle (Bin 1), low-load (Bin 2), or
medium-to-high load (Bin 3).%°

Our proposed 3-bin approach would cover a wide range of operations that occur in the real
world--significantly more in-use operation than today's requirements. Bin 1 would include
extended idle and other very low-load operations, where engine exhaust temperatures may drop
below the optimal temperature where SCR-based aftertreatment works best. Bin 2 would include
a large fraction of urban driving conditions, during which engine exhaust temperatures are
generally moderate. Bin 3 would include higher-power operations, such as on-highway driving
that typically results in higher exhaust temperatures and high catalyst efficiencies.*® Given the
different operational profiles of each of these three bins, we are proposing a separate standard for
each bin. The proposed structure follows that of our current not-to-exceed (NTE) off-cycle
standards, while covering a much broader range of engine operation.

Table 2 presents our proposed Option 1 and Option 2 off-cycle standards for NOx emissions
from heavy-duty CI engines. The proposed Option 2 off-cycle NOx standards are higher (less
stringent) and have a shorter useful life than the proposed Option 1 standards in MY 2031. For
the Alternative, our assessment of currently available data indicates that the off-cycle standard
for the medium/high load bin (Bin 3) would not be feasible in the MY 2027 timeframe, and
additional or different technology would be necessary to meet the Alternative off-cycle
standards. See Section III for details on the off-cycle standards for other pollutants in the

proposed Options 1 and 2 and the Alternative.

35 Due to the challenges of measuring engine power directly on in-use vehicles, we are proposing to use the CO,
emission rate (grams per second) as a surrogate for engine power; further, we propose to normalize CO, emission
rates relative to the nominal maximum CO; rate of the engine (e.g., when an engine with a maximum CO; emission
rate of 50 g/sec emits at a rate of 10 g/sec, its normalized CO, emission rate is 20 percent).

36 Because the proposed approach considers time-averaged power, any of the bins could include some idle operation
and any of the bins could include some high-power operation.
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Table 2: Proposed Options 1 and 2 Off-Cycle NOx Standards for Heavy-Duty CI Engines

| Proposed Option 1

Proposed Option 2

Model Years
Operation | 2027-2030 Model Years 2031 and later Model Years 2027 and later
Bin All HD Light HDE, and | Heavy HDE g§:§g££) Al HD Eneines
Engines Medium HDE through IUL FUL g
idle (g/hr) 10 7.5 7.5 7.5 15
low load
(mg/hp-hr) 180 75 7.5 150 150
medium/high
load (mg/hp- | 70 30 30 60 75
hr)

In addition to the proposed standards for the defined duty cycle and off-cycle test procedures,

the proposed Options 1 and 2 include several other provisions for controlling emissions from

specific operations in CI or SI engines. First, we are proposing to allow CI engine manufacturers

to voluntarily certify to the California Air Resources Board (CARB) clean idle standards by

adding to EPA regulations an idle test procedure that is based on an existing CARB procedure.*’

We are also proposing to require a closed crankcase ventilation system for all highway CI

engines to prevent crankcase emissions from being emitted directly to the atmosphere. See

Section II1.B for more discussion on both the proposed idle and crankcase provisions. For heavy-

duty SI, we are proposing refueling emission standards for incomplete vehicles above 14,000 lb

GVWR (see Section IIL.E for more discussion).

2. Maintaining Criteria Pollutant Emission Control over a Greater Portion of an Engine's

Operational Life

Reducing emissions under a broad range of engine operating conditions is one category of our

proposed program provisions. Maintaining emission control over a greater portion of an engine's

operational life is the second broad category of proposed provisions. The major elements in this

3713 CCR 1956.8 (a)(6)(C) — Optional NOx idling emission standard.
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category include proposals to 1) extend the regulatory useful life of heavy-duty engines, 2)
provide an opportunity for manufacturers to use rapidly aged parts necessary to demonstrate
emission performance over the regulatory useful life, 3) lengthen emission warranty periods, and
4) increase the likelihood that emission controls will be maintained properly through more of the
service life of heavy-duty engines. Our proposals for each of these elements is outlined below
and detailed in Section IV; unless explicitly stated otherwise, proposals for each of these
elements would apply under both proposed Options 1 and 2, as well as the full range of options
in between them.
1. Proposed Useful Life Periods

EPA is proposing to increase the regulatory useful life mileage values for new heavy-duty
engines to better reflect real-world usage, extend the emissions durability requirement for heavy-
duty engines, and ensure certified emission performance is maintained throughout more of an
engine's operational life. For proposed Option 1, Increases to useful life values for heavy-duty
engines would apply in two steps, as discussed in Section IV.A. For the first step for CI engines,
MY 2027 through 2030, we are proposing useful life mileage values that are approximately a
midpoint between the current useful life mileages and our proposed CI engines MY 2031 and
later mileages. For the second step, we are proposing useful life mileage values for MY 2031 and
later CI engines that cover a majority of the estimated operational life mileages, but less than the
first out-of-frame rebuild for these engines. The proposed Option 1 first step for SI engines in
MY 2027 through 2030 would better align with the current useful life mileages for GHG
emission standards applicable to these engines. The proposed Option 1 second step useful life
mileage for SI engines for MY 2031 and later is based on the published engine service life for

heavy-duty gasoline engines in the market today.
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The useful life mileages in the proposed Option 2 are shorter than those in the proposed
Option 1; we are giving full consideration to the useful life periods of proposed Options 1 and 2,
and the range between the useful life periods in the proposed Options. Our proposed Option 1
and Option 2 useful life periods for heavy-duty CI and SI engines are presented in Table 3. See

Section IV for the useful periods of the Alternative.®

Table 3: Proposed Options 1 and 2 Useful Life Periods for Heavy-duty CI and SI Engines Criteria Pollutant

Standards
. Compression-Ignition

Spark-Ignition Light Medi =

HDE ig edium eavy
Model Year HDE HDE HDEb

Miles Years Miles Years Miles Years Miles Years
Current? 110,000 10 110,000 10 185,000 10 435,000 10
Proposed
Option 1: 155,000 12 190,000 12 270,000 11 600,000 11
2027-2030
Proposed
Option 14 200,000 15 270,000 15 350,000 12 800,000 12
2031 and later
Proposed
Option 2: 150,000 10 250,000 10 325,000 10 650,000 10
2027 and later

2 Current useful life period for Spark-ignition HDE and Light HDE for GHG emission standards is 15 years or
150,000 miles. See 40 CFR 1036.108(d).

® We are also proposing to increase the hours-based useful life criterion from the current 22,000 hours for Heavy
HDE to 32,000 hours for model years 2027-2030 and 40,000 hours for model years 2031 and later.

¢ The Heavy HDE class includes certain SI engines (e.g., natural gas-fueled engines) intended for use in Class 8
vehicles.

4 For MY 2031 and later Heavy HDE, the proposed Option 1 would include intermediate useful life periods of
435,000 miles, 10 years, or 22,000 hours, whichever comes first. See Section III for a discussion of the proposed
Option 1 standards we propose to apply for the intermediate and full useful life periods.

i1. Proposed Durability Demonstration Updates
The proposed longer useful life periods outlined in Table 3 would require manufacturers to

extend their durability demonstrations, which show that the engines will meet applicable

3% As noted in this Section C of the Executive Summary, we are proposing refueling standards for HD SI engines
that are certified as incomplete vehicles that are equivalent to the standards in effect for complete heavy-duty
vehicles. We propose to apply the existing useful life periods for the complete vehicle refueling standards (15 years
or 150,000 miles; see 40 CFR 1037.103(f) and 86.1805-16(d) for "MDPV" and "HDV") to the HD SI engines
certified as incomplete vehicles. See preamble Section IV.A for more details.
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emission standards throughout their regulatory useful life. EPA regulations require
manufacturers to include durability demonstration data as part of an application for certification
of an engine family. Manufacturers typically complete this demonstration by following
regulatory procedures to calculate a deterioration factor (DF).

To address the need for accurate and efficient emission durability demonstration methods,
EPA worked with manufacturers and CARB to address this concern through guidance for MY
2020 and later engines.** In Section IV.F, we propose three methods for determining DFs,
consistent with the recent guidance, including a new option to bench-age the aftertreatment
system to limit the burden of generating a DF over the proposed lengthened useful life periods.
We also propose to codify in the EPA regulations three DF verification options available to
manufacturers in recent guidance. The proposed verification options would confirm the accuracy
of the DF values submitted by manufacturers for certification. We also introduce a test program
to evaluate a rapid-aging protocol for diesel catalysts that we may consider as an option for CI
engine manufacturers to use in their durability demonstration.
i1i. Proposed Emissions Warranty Periods

EPA's current emission-related warranty periods range from 22 percent to 54 percent of
regulatory useful life. As EPA is proposing to lengthen the useful life periods in this rulemaking,
we are also proposing to lengthen the emission warranty periods and increase the fraction of
useful life miles covered under warranty. These proposed revised warranty periods are expected
to result in better engine maintenance and less tampering, helping to maintain the benefits of the

emission controls. In addition, longer regulatory warranty periods may lead engine

3 U.S. EPA. "Guidance on Deterioration Factor Validation Methods for Heavy-Duty Diesel Highway Engines and
Nonroad Diesel Engines equipped with SCR." CD-2020-19 (HD Highway and Nonroad). November 17, 2020.
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manufacturers to simplify repair processes and make them more aware of system defects that
would be tracked and reported to EPA over a longer period.

In Section IV.B, we provide detailed discussion and request comment on these four ways that
longer emission warranty periods may enhance long-term performance of emission-related
devices and systems. We also discuss other impacts of lengthening regulatory emission warranty
periods and other approaches that vary coverage and may similarly ensure long-term in-use
emission performance.

EPA is proposing to lengthen the emissions warranty periods for all primary intended service
classes to cover a larger portion of the operational lives of new heavy-duty engines. Our
proposed Option 1 warranty mileages for MY 2031 are approximately 80 percent of the proposed
useful life mileages. The proposed Option 1 MY 2027 through 2030 mileages are approximately
midpoints between the current and proposed Option 1 MY 2031 and later mileages. The
proposed Option 2 set of emission warranty periods would match CARB’s Step 1 warranty
periods that will already be in effect beginning in model year 2022 for engines sold in
California.** We believe the proposed Option 2 mileages represent an appropriate lower end of
the range we are considering for the revised regulatory emission warranty periods. Our proposed
Option 1 and proposed Option 2 emission warranty periods are presented in Table 4.*! See
Section IV.B for updates in proposed Options 1 and 2 to our years-based warranty periods and

add hours-based warranty periods for all engine classes to cover low average annual mileage

40 For SI engines, the Alternative 1 warranty mileage matches the current useful life, consistent with the approach
for Light HDE Alternative 1 warranty.

41 In addition to exhaust standards, we are proposing refueling standards for HD SI engines that are certified as
incomplete vehicles. The onboard refueling vapor recovery systems necessary to meet the proposed refueling
standards will likely build on existing evaporative emissions systems, and we propose to apply the existing warranty
periods for evaporative emission control systems to the ORVR systems (5 years or 50,000 miles). See Preamble
IV.B.1.
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applications. We also considered an alternative set of warranty periods that are presented in

Section IV.B.

Table 4: Proposed Options 1 and 2 Emission-Related Warranty Periods for Heavy-Duty CI and SI Engines
Criteria Pollutant Standards

. Compression-Ignition

Model Year Spark-Ignition HDE I\ " g Medium HDE | Heavy HDE Years

Miles Hours Miles Hours | Miles Hours | Miles Hours
Current 50,000 NA 50,000 [NA 100,000 | NA 100,000 | NA 5
Proposed Option
1: 110,000 6,000 150,000 | 7,000 |220,000 |11,000 |[450,000 |22,000 |7
2027-2030
Proposed Option
1: 160,000 8,000 210,000 | 10,000 |280,000 |14,000 |600,000 |30,000 |10
2031 and later
Proposed Option
22027 and later 110,000 |NA 110,000 |NA 150,000 | NA 350,000 | NA 5

iv. Proposed Provisions to Ensure Long-Term Emissions Performance

In the ANPR, we introduced several ideas for an enhanced, comprehensive strategy to
increase the likelihood that emission controls will be maintained properly through more of the
operational life of heavy-duty engines, including beyond their useful life periods. Our proposed
updates to maintenance provisions include defining the type of maintenance manufacturers may
choose to recommend to owners in maintenance instructions, updating minimum maintenance
intervals for certain critical emission-related components, and outlining specific requirements for
maintenance instructions provided in the owner's manual.

We are proposing changes to the owner's manual and emissions label requirements to ensure
access to certain maintenance information and improve serviceability. We expect this additional
maintenance information to improve factors that contribute to mal-maintenance, which would
result in better service experiences for independent repair technicians, specialized repair

technicians, owners who repair their own equipment, and possibly vehicle inspection and
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maintenance technicians. We also believe that improving owner experiences with operating and
maintaining heavy-duty engines can reduce the likelihood of tampering.
v. Proposed Inducement Provisions

ANPR commenters indicated that engine derates or "inducements" are a significant source of
operator frustration.*> EPA currently has guidance on potential options manufacturers might
utilize to meet existing requirements through an inducement strategy for their SCR-based
aftertreatment system.*> We are proposing to codify inducement provisions after considering
manufacturer designs and operator experiences with SCR-based aftertreatment systems. In
Section IV.D, we present the key principles we followed in developing the proposed inducement
provisions, which includes a focus on conditions that are within an operator's control, a multi-
step derate schedule, and a backup check to override false inducements. We also include a
detailed set of requests for comment highlighting the wide range of adjustments we are currently
considering.
vi. Proposed Onboard Diagnostics Provisions

Onboard diagnostics (OBD) refer to systems of electronic controllers and sensors required by
current regulation to detect malfunctions of engines and emission controls. EPA's existing OBD
program, promulgated in 2009, allows manufacturers to demonstrate how the OBD system they
have designed to comply with California OBD requirements also complies with the intent of the
EPA OBD requirements.** Although EPA maintains separate OBD regulations, all

manufacturers currently seek OBD approval from CARB for OBD systems in engine families

42 Engine derating is an aftertreatment design strategy that reduces engine performance to induce operators to
maintain appropriate levels of high-quality diesel emission fluid (DEF) in their SCR-based aftertreatment systems.
Throughout this preamble we refer to engine derates that derive from DEF-related triggers as "inducements."

43 Kopin, Amy. Memorandum to docket EPA-HQ-OAR-2019-0055. "Inducement-Related Guidance Documents,
and Workshop Presentation. " October 1, 2021.

4 See 40 CFR 86.010-18(a)(5).
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applying for 50-state certification, and then use this approval to demonstrate compliance with
EPA requirements.

In Section IV.C, we are proposing to update our OBD regulations both to better address newer
diagnostic methods and available technologies, and to streamline provisions where possible. We
propose to incorporate by reference the existing CARB OBD regulations updated in 2019 as the
starting point for our updated OBD regulations.*> We are proposing to exclude or revise certain
CARB provisions that we believe are not appropriate for a federal program and are proposing to
include additional elements to improve the usefulness of OBD systems for users (see Section
IV.C for details).

EPA is specifically proposing additional OBD elements to improve the robustness and
usefulness of OBD systems. These additional elements include emission system health monitors,
an expanded list of publicly available OBD parameters, additional freeze frame data parameters,
and enabling certain self-testing capabilities for owners. These proposed changes would benefit
the environment by helping to reduce malfunctioning emission systems in-use through access to
additional data that may be useful for service technicians, state and local inspection and
maintenance operations, and owners.

3. Other Proposed Compliance Provisions and Flexibilities

In addition to the key program provisions, we are also proposing several provisions to provide
manufacturers with flexibility to meet the proposed standards and encourage the introduction of
new emission control technologies earlier than required; these provisions would apply under both

proposed Options 1 and 2, as well as the full range of options in between them. These provisions

4 CARB Final Rulemaking to Consider Technical Status and Prosed Revisions to On-Board Diagnostic System
Requirements for Heavy-Engines, Passenger Cars, Light-Duty Trucks, Medium Duty Vehicles and Engines was
approved and became effective on July 31, 2013. California Code of Regulations sections 1968.2 and 1971.1
available at: https://ww3.arb.ca.gov/regact/2012/hdobd12/hdobd12.htm.
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include our proposal to migrate and update the compliance provisions of 40 CFR part 86, subpart
A, to 40 CFR part 1036; continue averaging, banking, and trading (ABT) of credits generated
against our heavy-duty engine criteria pollutant standards; provide incentives for early adoption
of technologies to meet the standards; allow manufacturers to generate NOx emission credits for
hybrid electric, battery electric, and fuel cell electric vehicles (HEVs, BEVs, and FCEVs); and
make limited amendments to regulations that implement our air pollutant emission standards for
other industry sectors, including light-duty vehicles, light-duty trucks, marine diesel engines,
locomotives, and various types of nonroad engines, vehicles, and equipment.
1. Proposed Migration from 40 CFR part 86, subpart A

Heavy-duty criteria pollutant regulations were originally codified into 40 CFR part 86,
subpart A, in the 1980s. We believe this rulemaking provides an opportunity to clarify (and
otherwise improve) the wording of our existing heavy-duty criteria pollutant regulations in plain
language and migrate them to 40 CFR part 1036.%° Part 1036, which was created for the Phase 1
GHG program, provides a consistent, updated format for our regulations, with improved
organization. In general, this migration is not intended to change the compliance program
previously specified in part 86, except as specifically proposed in this rulemaking. See our
summary of the proposed migration in Section III.A, and additional details in our memorandum
to the docket.*’” The proposed provisions of part 1036 would generally apply for model years
2027 and later, unless noted, and manufacturers would continue to use part 86 in the interim.

i1. Proposed Opportunities for NOx Emission Credits

46 We are proposing to migrate some provisions to parts 1065 and 1068 to apply broadly to other sectors.
Additionally, some current vehicle provisions in part 1037 refer to part 86 and we are proposing to update those
references in part 1037 as needed.

47 Stout, Alan; Brakora, Jessica. Memorandum to docket EPA-HQ-OAR-2019-0055. "Technical Issues Related to
Migrating Heavy-Duty Highway Engine Certification Requirements from 40 CFR Part 86, Subpart A, to 40 CFR
Part 1036". October 1, 2021.
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We are proposing targeted revisions to the current emissions ABT provisions to account for
specific aspects of the broader proposed program. We are also proposing an early adoption
incentive program that would recognize the environmental benefits of lower-emitting vehicles
entering the fleet ahead of required compliance dates for the proposed standards. Through this
optional program, manufacturers who demonstrate early compliance with the proposed MY 2027
or MY 2031 standards would apply a multiplier to emission credits generated under the proposed
ABT program (see Section [V.H for details). We are also proposing to offer NOx emission
credits for HEVs, BEVs and FCEVs based on the near-zero or zero-tailpipe emissions
performance of these technologies, for HEVs or BEVs and FCEVs, respectively, and after
consideration of ANPR comments. We are choosing not to propose emission credit multipliers
for HEVs, BEVs, and FCEVs. We believe that the potential loss of emission reductions that
could result from providing credit multipliers is not justified in light of the current extent of
technology development and implementation. Manufacturers choosing to generate NOx
emission credits from BEVs or FCEVs would need to conduct testing and meet durability
requirements discussed in Section I'V.

iii. Other Amendments

EPA has promulgated emission standards for highway and nonroad engines, vehicles, and
equipment. Section XII of this proposed rule describes several amendments to correct, clarify,
and streamline a wide range of regulatory provisions for many of those different types of
engines, vehicles, and equipment. Section XII.A includes technical amendments to compliance
provisions that apply broadly across EPA's emission control programs to multiple industry
sectors, including light-duty vehicles, light-duty trucks, marine diesel engines, locomotives, and

various other types of nonroad engines, vehicles, and equipment. Some of those amendments are
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for broadly applicable testing and compliance provisions in 40 CFR parts 1065, 1066, and 1068.
Other cross-sector issues involve making the same or similar changes in multiple standard-
setting parts for individual industry sectors. The rest of Section XII describes proposed
amendments that apply uniquely for individual industry sectors.

We are proposing amendments in two areas of note for the general compliance provisions in
40 CFR part 1068. First, we are proposing to take a comprehensive approach for making
confidentiality determinations related to compliance information that companies submit to EPA.
We are proposing to apply these provisions for all highway, nonroad, and stationary engine,
vehicle, and equipment programs, as well as aircraft and portable fuel containers.

Second, we are proposing provisions that include clarifying text to establish what qualifies as
an adjustable parameter and to identify the practically adjustable range for those adjustable
parameters. The proposed adjustable-parameter amendments also include specific provisions
related to electronic controls that aim to deter tampering.

4. Targeted Revisions to the HD GHG Phase 2 Program

As noted at the start of this Section I.B, we have developed a proposed approach to make
targeted updates that take into consideration the growing HD electric vehicle market without
fundamentally changing the HD GHG Phase 2 program as a whole. These developments along
with considerations of lead time, costs and other factors have demonstrated that further GHG
reductions in the MY 2027 timeframe are appropriate. Specifically, we propose to adjust the HD
GHG Phase 2 vehicle GHG emission standards by sales-weighting the projected heavy-duty EV
production levels of school buses, transit buses, commercial delivery trucks, and short-haul
tractors and by lowering the applicable emission standards in MY 2027 accordingly. We project

these four vehicle types will have the highest EV sales of all heavy-duty vehicle types between
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now and 2030. Because these four EV vehicle types do not correspond directly with the specific
subcategories for standards that we developed in HD GHG Phase 2 (subcategories differentiated
by vehicle weight, use, fuel type, etc.), we use EPA certification data to determine which
subcategories of standards would be impacted by EV production in MY 2027. By sales-weighing
the projected production levels of the four EV vehicle types in 2027, our proposed approach
adjusts 17 of the 33 MY 2027 Phase 2 vocational vehicle and tractor standards and does not
change any MY 2021 or MY 2024 standards or any of the Class 2b/3 pickup truck and van
standards. We request comment on the proposed approach to determine the threshold.

In addition to these proposed standard adjustments, we are requesting comment on options to
update the advanced technology incentive program for electric and plug-in hybrid vehicles
beginning in MY 2024. These changes may be appropriate to reflect that such levels of
incentives for electrification may no longer be appropriate for certain segments of the HD EV
market. We are trying to balance providing additional incentives for the continued development
of zero and near-zero emission vehicles without inadvertently undermining the GHG emission
reductions from the HD GHG Phase 2 program with inappropriate incentives.

D. Projected Emission Reductions, Air Quality Improvements, Costs, and Benefits

Our analysis of the estimated emission reductions, air quality improvements, costs, and
monetized benefits of the proposed criteria pollutant program is outlined below and detailed in
Sections V through X. While the discussion below generally focuses on our analysis of the
proposed Option 1, we also discuss the proposed Option 2; additional information on analyses of
proposed Options 1 and 2 is included in the sections that follow. As discussed in Section III, we
currently lack information to show that the Alternative is feasible in the MY 2027 timeframe

based on the emission control technologies that we have evaluated to date, and therefore we are
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not presenting an analysis of the costs or benefits of the Alternative. We expect that we would
need additional data supporting the feasibility of the Alternative to further consider it in the
development of the final rule.

The proposed provisions in Options 1 and 2, which are described in detail in Sections III and
IV, are expected to reduce emissions from highway heavy-duty engines in several ways. We
project the proposed emission standards for heavy-duty CI engines would reduce tailpipe
emissions of NOx; the combination of the proposed low-load test cycle and off-cycle test
procedure for CI engines would help to ensure that the reductions in tailpipe emissions are
achieved in-use, not only under high-speed, on-highway conditions, but also under low-load and
idle conditions. We also project reduced tailpipe emissions of NOx, CO, PM, VOCs, associated
air toxics, and methane from the proposed emission standards for heavy-duty SI engines,
particularly under cold-start and high-load operating conditions. The longer emission warranty
and regulatory useful life requirements for heavy-duty CI and SI engines in the proposed Options
1 and 2 would help maintain the expected emission reductions for all pollutants, including
primary exhaust PMa s, throughout the useful life of the engine. The onboard refueling vapor
recovery requirements for heavy-duty SI engines in the proposed Options 1 and 2 would reduce
VOCs and associated air toxics. Table 5 summarizes the projected reductions in heavy-duty
emission from the proposed Options 1 and 2 in 2045 and shows the significant reductions in
NOx emissions from the proposal. In general, we estimate that Option 2 would result in lower
emission reductions because of the less stringent emission standards combined with shorter
useful life and warranty periods than the proposed Option 1 in MY 2031. Section VI and draft
Regulatory Impact Analysis (RIA) Chapter 5 provide more information on our projected

emission reductions for proposed Options 1 and 2, as well as the Alternative.
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Table 5: Projected Heavy--Duty Emission Reductions in 2045 from the Proposed Options 1 and 2 Standards

Pollutant Percent Reduction in Highway Heavy-duty Emissions
Proposed Option 1 Proposed Option 2

Primary PM, 5 26 24

VOC 21 20

CO 17 16

The proposed criteria pollutant program in proposed Options 1 and 2 would also reduce
emissions of other pollutants. For instance, the proposed Option 1 would result in a 27 percent
reduction in benzene and a 0.7 percent reduction in methane from highway heavy-duty engines
in 2045. Leading up to 2045, emission reductions are expected to increase over time as the fleet
turns over to new, compliant engines.

Reductions in emissions of NOx, VOC, PMzs, and CO from the proposed rule are projected
to lead to decreases in ambient concentrations of ozone, PM2.5, NOz, and CO. The proposed
Option 1 standards would significantly decrease ozone concentrations across the country, with a
population-weighted average decrease of over 2 ppb in 2045.4* Ambient PM2.s, NO2 and CO
concentrations are also predicted to improve in 2045 as a result of the proposed Option 1
program. The emission reductions provided by the proposed standards would be important in
helping areas attain the NAAQS and prevent future nonattainment. In addition, the proposed
Option 1 standards are expected to result in improvements in nitrogen deposition and visibility,
but they are predicted to have relatively little impact on ambient concentrations of air toxics.

We also used our air quality data from modeling Option 1 to conduct a demographic analysis
of human exposure to future air quality in scenarios with and without the proposed criteria

pollutant standards in place. To compare demographic trends, we sorted 2045 baseline air quality

48 Due to resource constraints, we only conducted air quality modeling for the proposed Option 1.
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concentrations from highest to lowest concentration and created two groups: areas within the
contiguous U.S. with the worst air quality and the rest of the country. We found that in the 2045
baseline, the number of people of color living within areas with the worst air quality is nearly
double that of non-Hispanic Whites. We also found that the largest predicted improvements in
both ozone and PMz s are estimated to occur in areas with the worst baseline air quality, where
larger numbers of people of color are projected to reside. More details on our air quality
modeling and demographic analyses are included in Section VII and draft RIA Chapter 6.

Our estimates of reductions in heavy-duty engine emissions, and associated air quality
impacts, are based on manufacturers adding emissions-reduction technologies in response to the
proposed Options 1 or 2 criteria pollutant standards, along with making emission control
components more durable in response to the longer regulatory useful life periods in the proposed
Options 1 or 2. We also estimate costs to both truck owners and manufacturers attributable to the
longer emission warranty for both the proposed Options 1 and 2. We estimate costs of the
proposed Options 1 and 2 to both manufacturers and truck owners in our program cost analysis
in Section V and draft RIA Chapter 7.

Our evaluation of costs to manufacturers includes direct costs (i.e., cost of materials, labor
costs) and indirect manufacturing costs (e.g., warranty, research and development). The direct
manufacturing costs include individual technology costs for emission-related engine components
and for exhaust aftertreatment systems. Importantly, our analysis of direct manufacturing costs
includes the costs of the existing emission control technologies because we expect the emissions
warranty and regulatory useful life provisions in the proposed Options 1 and 2 to have some
impact on not only the new technology added to comply with the proposed standards, but also on

any existing emission control components. The cost estimates thus reflect the portion of baseline
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case engine hardware and aftertreatment systems for which new costs would be incurred due to
the proposed warranty and useful life provisions, even absent any changes in the level of
emission standards. The indirect manufacturing costs in our analysis include warranty costs,
research and development costs, profits and other indirect costs. We combine direct and indirect
manufacturing costs to calculate total technology costs, which we then add to operating costs in
our calculation of program costs.

As part of our evaluation of operating costs, we estimate costs truck owners incur to repair
emission control system components. Our repair cost estimates are based on industry data
showing the amount spent annually by truck owners on different types of repairs, and our
estimate of the percentage of those repairs that are related to emission control components. Our
analysis of this data shows that extending the useful life and emission warranty periods would
lower emission repair costs during several years of operation for several vehicle types. More
discussion on our emission repair costs estimates of the proposed Options 1 and 2 criteria
pollutant standards is included in Section V, with additional details presented in draft RIA
Chapter 7.

We combined our estimates of emission repair costs with other operating costs (i.e.,
urea/DEF, fuel consumption) and technology costs to calculate total program costs. Our analysis
of proposed Option 1 shows that total costs for the criteria pollutant program relative to the
baseline (or no action scenario) range from $1.8 billion in 2027 to $2.3 billion in 2045 (2017
dollars, undiscounted, see Table V-16). We estimate that proposed Option 2 would result in
higher costs than the proposed Option 1 in 2045. We expect that the same emission control
technologies would be needed to meet both the proposed Option 1 and 2 standards, which would

result in the same direct technology costs in both cases. The higher projected costs of the
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proposed Option 2 relative to the proposed Option 1 result from our expectation that the shorter
useful life and emission warranty periods of the proposed Option 2 compared to proposed Option
1 in MY 2031 and later would lead to higher emission control system repair costs for proposed
Option 2 than the proposed Option 1 (i.e., shorter emissions warranty periods result in higher
emission repair costs in proposed Option 2) (see Section V for details). Overall, the analysis
shows that the costs of proposed Option 1 are less than the costs of proposed Option 2. The
present value of program costs for proposed Options 1 and 2, and additional details are presented
in Section V.

Section VIII presents our analysis of the human health benefits associated with the proposed
Options 1 and 2. We estimate that in 2045, the proposed Option 1 would result in total annual
monetized ozone- and PMa.s-related benefits of $12 and $33 billion at a 3 percent discount rate,
and $10 and $30 billion at a 7 percent discount rate.*’ In the same calendar year, proposed
Option 2 would result in total annual monetized ozone- and PM2.s-related benefits of $9 and $26
billion at a 3 percent discount rate, and $8 and $23 billion at a 7 percent discount. These benefits
only reflect those associated with reductions in NOx emissions (a precursor to both ozone and
secondarily-formed PM2.s) and directly-emitted PM2 5 from highway heavy-duty engines. There
are additional human health and environmental benefits associated with reductions in exposure to
ambient concentrations of PMz.s, ozone, and NO: that EPA has not quantified due to data,
resource, or methodological limitations. There would also be benefits associated with reductions
in air toxic pollutant emissions that result from the proposed program, but we did not attempt to
monetize those impacts due to methodological limitations. The estimated benefits of the

proposed Options 1 and 2 would be larger if we were able to monetize all unquantified benefits

492045 is a snapshot year chosen to approximate the annual health benefits that occur in a year in which the
proposed program would be fully implemented and when most of the regulated fleet would have turned over.
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at this time. More detailed information about the benefits analysis conducted for the proposal,
including the present value of program benefits for Options 1 and 2, is included in Section VIII
and draft RIA Chapter 8.

We compare total monetized health benefits to total costs associated with the proposed
Options 1 and 2 in Section IX. Table 6 shows that annual benefits of the proposed Option 1
would be larger than the annual costs in 2045, with annual net benefits of $9 and $31 billion
assuming a 3 percent discount rate, and net benefits of $8 and $28 billion assuming a 7 percent
discount rate.>® Annual benefits would also be larger than annual costs in 2045 for the proposed
Option 2, although net benefits would be slightly lower than from the proposed Option 1 (net
benefits of proposed Option 2 would be $6 and $23 billion at a 3 percent discount rate, and net
benefits of $5 and 21 billion at a 7 percent discount rate). For both the proposed Options 1 and 2,
benefits also outweigh the costs when expressed in present value terms and as equalized annual

values.

Table 6: 2045 Costs, Benefits and Net Benefits of the Proposed Option 1 and Option 2 (billions, 2017$)*?

Proposed Option 1 Proposed Option 2
3% Discount 7% Discount 3% Discount 7% Discount
Benefits $12-$33 $10 - $30 $9.1 - $26 $8.2 - $23
2045 Costs $2.3 $2.3 $2.9 $2.9
Net Benefits $9.2 - $31 $8.1 - %28 $6.2 - $23 $5.3 - $21

2 All benefits estimates are rounded to two significant figures; numbers may not sum due to independent
rounding. The range of benefits (and net benefits) in this table are two separate estimates and do not
represent lower- and upper-bound estimates, though they do reflect a grouping of estimates that yield
more and less conservative benefits totals. The costs and benefits in 2045 are presented in annual terms
and are not discounted. However, all benefits in the table reflect a 3 percent and 7 percent discount rate
used to account for cessation lag in the valuation of avoided premature deaths associated with long-term

exposure.

® The benefits associated with the standards presented here do not include the full complement of
health, environmental, and climate-related benefits that, if quantified and monetized, would increase the
total monetized benefits.

50 The range of benefits and net benefits reflects a combination of assumed PM, 5 and ozone mortality risk estimates

and selected discount rate.
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Section X examines the potential impacts of the proposed standards on heavy-duty vehicles
(sales, mode shift, fleet turnover) and employment in the heavy-duty industry. The proposed
standards may impact vehicle sales due to both changes in purchase price and longer emission
warranty mileage requirements; these effects may show up as increased purchases of more new
vehicles than usual before the proposed standards come into effect, in anticipation of higher
prices after the proposed standards (“pre-buy"). The proposed standards may also reduce sales
after the proposed standards would be in place ("low-buy"). In this proposal, we suggest an
approach to quantify potential impacts on vehicle sales due to new emission standards; we also
provide an example of how the results could be applied to the final regulatory analysis for this
rule in draft RIA Chapter 10.1. Our example results for proposed Option 1 suggest pre- and low-
buy for Class 8 trucks may range from zero to approximately two percent increase in sales over a
period of up to 8 months before the 2031 standards begin (pre-buy), and a decrease in sales from
zero to approximately two percent over a period of up to 12 months after the 2031 standards
begin (low-buy). We have provided the example results as information for commenters to
consider and provide input to EPA on this type of approach for quantifying how emissions
regulations may impact heavy-duty vehicle sales fleet turnover. Based on input we receive, we
may consider using this type of analysis in the final rule to inform both the potential impacts on
vehicle sales, and the related impacts on employment in the heavy-duty industry. We expect little
mode shift due to the proposed standards because of the large difference in cost of moving goods
via trucks versus other modes of transport (e.g., planes or barges).

Employment impacts of the proposed standards depend on the effects of the standards on

sales, the share of labor in the costs of the standards, and changes in labor intensity due to the
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standards. We quantify the effects of costs on employment, and we discuss the effects due to
sales and labor intensity qualitatively. This partial quantification of employment impacts
estimates that increased costs of vehicles and parts would, by itself and holding labor intensity
constant, be expected to increase employment by 400 to 2,200 job-years in 2027, and 300 to
1,800 job-years in 2032 under proposed Option 1.°! Employment would be expected to increase
by 400 to 2,200 job years, and 300 to 1,500 job years in 2027 and 2032 respectively under
proposed Option 2. See Section X for further detail on limitations and assumptions of this
analysis.

Finally, the projected cost and GHG emission impacts of the proposed changes to the HD
GHG Phase 2 program are described in Section XI.E.

E. Summary of Specific Requests for Comments

We are requesting comment on all aspects of this proposed rulemaking. In addition, as
detailed in the sections that follow, we are specifically requesting comments from stakeholders
on a variety of key topics throughout this proposed to inform the final rulemaking process. In
this section we highlight topics on which we believe it would be especially beneficial to receive
comments from stakeholders, or which may be of most interest to stakeholders.

Section III presents extensive information and analyses, including two options for the
proposed criteria pollutant standards, to provide notice that EPA will be considering a range of
numeric emission standard values and implementation dates in the final rule. We are requesting
comment on the proposed Options 1 and 2, as well as the Alternative, standards for each duty
cycle, as well as the one- and two-step approaches in proposed Options 1 and 2, respectively, and

the implementation dates of MY's 2027 and 203 1. In addition, we are requesting input on several

51 'Where a job-year is, for example, one year of full-time work for one person, or one year of half-time work for two
people.
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aspects of the proposed new LLC duty cycle for heavy-duty CI engines and applying the SET
duty cycle to heavy-duty SI engines (see Section III). We are also requesting comment on
several aspects of the proposed off-cycle standards for heavy-duty CI engines, including the
levels of the standards in proposed Options 1 and 2 and the specific operating range covered by
each bin, and whether off-cycle standards and in-use testing should also apply for SI engines. For
SI engines, we request comment on our proposed refueling HC emission standard for incomplete
vehicles above 14,000 Ib GVWR, including requests for comment and data to inform test
procedure updates we should consider to measure HC emissions from these larger fuel systems
and vehicles. We are also requesting comment on whether EPA should finalize interim
standards for testing used to verify that the engine meets the standards through useful life (i.e.,
in-use testing that occurs after the vehicle enters commerce). Typically, EPA sets the same
standards for in-use testing and certification testing but, in some cases, we have provided higher
in-use standards to give manufacturers time to gain experience with the new technology needed
to meet the standards.>? As outlined in this Executive Summary and discussed in Sections III and
IV, we are proposing to significantly lower NOx emission standards and to significantly increase
the regulatory useful life for heavy-duty on highway engines, which would require manufactures
to develop and produce additional engine and aftertreatment technology. Due to the combination
of lower (more stringent) numeric standards and longer useful periods included in our proposal,
we are requesting comment on whether EPA should finalize in-use standards that are 40 to 100
percent higher than the proposed Option 1 standards for MY 2027 to MY 2033 engines.

In Section IV we detail our requests for comment on a number of topics related to our

proposed lengthened useful life and warranty periods, as well as other compliance provisions and

52 See 81 FR 23414 (April 28, 2014).
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flexibilities. For instance, we are requesting stakeholder input on our proposed useful life and
warranty periods, as well as the range of options covered by the proposed Options 1 and 2, or
other alternatives outside of that range. In addition to the proposed warranty periods, we request
comment on other approaches to warranty, such as graduated warranty phases, that may similarly
ensure long-term in-use emission performance with a smaller impact on the purchase price. We
further request comment on our proposed provisions to increase the likelihood that emission
controls will be maintained properly through more of the service life of heavy-duty engines (e.g.,
revise inducement strategies, improve serviceability). In addition, we are interested in
stakeholder input on our proposed approaches for the durability demonstration that
manufacturers are required to include their application for certification (see Section IV.F for
details). We are also interested in stakeholder input on our proposed requirements for
manufacturers choosing to generate NOx emission credits from BEVs or FCEVs, as well as
whether EPA should consider for this final rule, or other future rules, restrictions for NOx
emission credits in the longer term (e.g., beyond MY 2031) (See Section IV.I for details).

Throughout Sections III and IV, we discuss areas where our proposal differs from the
California Air Resources Board (CARB) Heavy-Duty Omnibus Rulemaking, and request
comment on our proposal, including whether it is appropriate to harmonize the federal and
CARB regulatory programs more in light of the authority and requirements of CAA section 202,
and the benefits or challenges if EPA were to finalize particular aspects of its program that are or
are not fully aligned with the Omnibus.

There are also several topics that we are requesting comment on that relate to the analyses that
support our proposal. For instance, we are interested in stakeholder input on our approach for

estimating emission reductions from lengthening useful life and warranty periods (see Section VI
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for details). We are also interested in comments on our estimate of repair costs for emission
control system components (see Section V for details). We request comment on the method we
outline to estimate potential impacts of a proposed regulation on heavy-duty vehicle sales; we
also request comment on approaches to estimate employment impacts attributable to the
proposed rule (see Section X for details).

We are also interested in input from environmental justice stakeholders and underserved and
overburdened communities, including children's health stakeholders, regarding the need for
revised standards and how heavy-duty vehicles affect communities (see Section II); the air
quality improvements we project from this proposal and how they are distributed (see Section
VII); and ways the proposal could be improved to advance environmental protection for all
people, including people of color, low-income communities, and those who live near highways
or in heavily trafficked areas with frequent truck congestion and idling, such as ports.

In Section XI, we request comment in a number of areas related to the proposed updates to the
HD GHG Phase 2 program for certain heavy-duty vehicles that are shifting to zero-emission
vehicles. We are considering whether it would be appropriate in the final rule to increase the
stringency of the standards even more than what we propose. Therefore, we request information
on heavy-duty electric vehicle sales projections, including for what HD vehicle types, to help
inform our HD electric vehicle sales projections in the MY 2024 through MY 2029 timeframe.
We also are considering whether to establish more stringent standards beyond MY 2027,
specifically in MY 2028 and MY 2029 using the methodology described in Section XI.C.1. We
request comment on appropriate stringency and supporting data for each of those model years.

We are also interested in stakeholder input that supports changes to the advanced technology

credit multiplier approach under consideration. In addition, we request comment under this
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proposal on how EPA can best consider the potential for ZEV technology to significantly reduce
air pollution from the heavy-duty vehicle sector, including whether and how to consider
including specific sales requirements for HD ZEVs.

For these and all requests for comment detailed throughout the proposal, stakeholders are
encouraged to provide their rationale and any available data that supports to their perspectives.
I. Introduction
A. Brief Overview of the Heavy-Duty Truck Industry

Heavy-duty highway vehicles (also referred to as "trucks" in this preamble) range from
commercial pickup trucks to vocational vehicles that support local and regional transportation,
construction, refuse collection, and delivery work, to line-haul tractor-trailers that move freight
cross-country. This diverse array of vehicles is categorized into weight classes based on gross
vehicle weight ratings (GVWR). These weight classes span Class 2b pickup trucks and vans
from 8,500 to 10,000 Ibs GVWR through Class 8 line-haul tractors and other commercial
vehicles that exceed 33,000 Ibs GVWR. 33

Heavy-duty highway vehicles are primarily powered by diesel-fueled, compression-ignition
(CI) engines. However, gasoline-fueled, spark-ignition (SI) engines are common in the lighter

weight classes, and smaller numbers of alternative fuel engines (e.g., liquified petroleum gas,

53 This proposed rulemaking includes revised criteria pollutants standards for engine-certified Class 2b through 8
heavy-duty engines and vehicles; this proposal also includes revised GHG standards for Class 4 through 8 vehicles.
Class 2b and 3 vehicles with GVWR between 8,500 and 14,000 pounds are primarily commercial pickup trucks and
vans and are sometimes referred to as "medium-duty vehicles". The majority of Class 2b and 3 vehicles are chassis-
certified vehicles and will be included in a future combined light-duty and medium-duty rulemaking action,
consistent with E.O. 14037, Section 2a. Heavy-duty engines and vehicles are also used in nonroad applications, such
as construction equipment; nonroad heavy-duty engines and vehicles are not the focus of this proposal. See Section I
for more discussion on the spectrum of heavy-duty vehicles and how they relate to the proposed rule. See Sections
I.B and III for more discussion on the spectrum of heavy-duty vehicles and how they relate to the proposed rule.

4 The focus of this proposal is on highway heavy-duty engines and vehicles. However, we are also proposing
limited amendments to regulations that implement our air pollutant emission standards for other sectors, including
light-duty vehicles, light-duty trucks, marine diesel engines, locomotives, and various types of nonroad engines,
vehicles, and equipment (see Section XII).
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compressed natural gas) are found in the heavy-duty fleet. Vehicles powered by electricity, either
in the form of battery electric vehicles (BEVs) or fuel cell electric vehicles (FCEVs) are also
increasingly entering the heavy-duty fleet. The operational characteristics of some commercial
applications (e.g., delivery vehicles) can be similar across several vehicle weight classes,
allowing a single engine, or electric power source in the case of BEVs and FCEVs, to be
installed in a variety of vehicles. For instance, engine specifications needed for a Class 4 parcel
delivery vehicle may be similar to the needs of a Class 5 mixed freight delivery vehicle or a
Class 6 beverage truck. Any performance differences needed to operate across this range of
vehicles can be achieved through adjustments to chassis-based systems (i.e., transmission,
cooling system) external to the engine.

The industry that designs and manufactures these heavy-duty vehicles is composed of three
primary segments: vehicle manufacturers, engine manufacturers and other major component
manufacturers, and secondary manufacturers (i.e., body builders). Some vehicle manufacturers
are vertically integrated, designing, developing, and testing their engines in-house for use in their
vehicles, while others purchase some or all of their engines from independent engine suppliers.
Today, only one major independent engine manufacturer supports the heavy-duty truck industry,
though some vehicle manufactures sell their engines or "incomplete vehicles" (i.e., chassis that
include their engines, the frame, and a transmission) to body builders who design and assemble
the final vehicle. Each of these subindustries is often supported by common suppliers for
subsystems such as transmissions, axles, engine controls, and emission controls.

In addition to the manufacturers and suppliers responsible for producing highway heavy-duty
vehicles, an extended network of dealerships, repair and service facilities, and rebuilding

facilities contribute to the sale, maintenance, and extended life of these vehicles and engines.
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Heavy-duty vehicle dealerships offer customers a place to order vehicles from a specific
manufacturer and include service facilities for those vehicles and engines. Dealership service
technicians are trained to perform regular maintenance and make repairs, which generally
include repairs under warranty and in response to manufacturer recalls. Some trucking fleets,
businesses, and large municipalities benefit from hiring their own technicians to service their
vehicles in their own facilities. Many refueling centers along major trucking routes have also
expanded their facilities to include roadside assistance and service stations to diagnose and repair
common problems.

Heavy-duty CI engines installed in the larger weight classes of vehicles are designed to be
rebuilt. Dealerships and other service facilities are generally equipped to replace common
components, such as pistons and bearings that wear over time. However, large-scale (i.e., "out-
of-frame") engine overhauls that replace most of the engine components require a more
sophisticated process that only a limited number of facilities provide. Some heavy-duty engine
manufacturers have established their own rebuilding facilities as a separate branch of their
operations and others work with independent rebuilding factories that are affiliated with multiple
engine manufacturers. Rebuilding allows owners to extend the life of their engines at a lower
cost than purchasing a replacement vehicle, which has made the practice common for some
heavy-duty engines.

The end-users for highway heavy-duty vehicles are as diverse as the applications for which
these vehicles are purchased. Smaller weight class heavy-duty vehicles are commonly purchased
by delivery services, contractors, and municipalities. The middle weight class vehicles tend to be
commercial vehicles for businesses and municipal work that transport people and goods locally

and regionally or provide services such as utilities. Vehicles in the heaviest weight classes are
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generally purchased by businesses with high load demands, such as construction, towing or
refuse collection, or freight delivery fleets and owner-operators with both load and speed
demands for regional and long-haul goods movement. The competitive nature of the businesses
and owner-operators that purchase and operate highway heavy-duty vehicles means that any time
the vehicle is unable to operate due to maintenance or repair (i.e., downtime) can lead to a loss in
income. This need for reliability drives much of the truck and engine manufacturers' innovation
and research to meet the needs of their customers.
B. History of Emission Standards for Heavy-Duty Engines and Vehicles

Emission standards for heavy-duty highway engines in the U.S. were first issued by the
Department of Health, Education, and Welfare in the 1960s. These standards and the
corresponding certification and testing procedures were codified at 45 CFR part 1201. In 1972,
shortly after EPA was created as a federal agency and given responsibility for regulating heavy-
duty engines, EPA published new standards and updated procedures while migrating the
regulations to 40 CFR part 85 as part of the effort to consolidate all EPA regulations in a single
location.>> EPA created 40 CFR part 86 in 1976 to reorganize emission standards and
certification requirements for light-duty vehicles and heavy-duty highway engines. In 1985, EPA
promulgated new standards for heavy-duty highway engines, codifying the standards in 40 CFR
part 86, subpart A. Since then, EPA has promulgated several rules for highway heavy-duty
engines and vehicles to set new and more stringent emission standards for criteria pollutants and

precursors>®, to set requirements for controlling evaporative and refueling emissions®’, to

55 See Section 1.G for additional discussion on EPA's Statutory Authority relevant to this proposal.

%6 For example, oxides of nitrogen (NOXx), hydrocarbons (HC), particulate matter (PM) and carbon monoxide (CO).
57 See Section IILE for more discussion on controlling evaporative and refueling emissions from light- and heavy-
duty vehicles.
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establish emission control programs for greenhouse gases (GHGs), and to add or revise
certification procedures.>®

EPA's criteria pollutant regulatory programs for the heavy-duty highway industry apply to
engines.>® Our regulations require that engine manufacturers identify the "primary intended
service class" for each engine by considering the vehicles for which they design and market their
engines. Heavy-duty CI engines are specified as light heavy-duty engine (Light HDE), medium
heavy-duty engine (Medium HDE), or heavy heavy-duty engine (Heavy HDE) based largely on
the weight class of the vehicles in which the engines are expected to be installed and the
potential for rebuild. SI heavy-duty engines are generally specified as a single spark-ignition
HDE service class unless they are designed or intended for use in the largest heavy-duty
vehicles, and therefore considered heavy HDEs.®® EPA sets emission standards and other
regulatory provisions, including regulatory useful life and emissions warranty periods, that are
targeted for the operational characteristics of each primary intended service class.

In the 1990s, EPA issued increasingly stringent standards for NOx, CO, HC, and PM. These
exhaust standards were derived from engine-based emission control strategies and manufacturers
generally certified their engines' emission performance over defined duty cycles on an engine

dynamometer (i.e., "engine certification"). In 1997, EPA finalized standards for heavy-duty

8 U.S. Environmental Protection Agency. “EPA Emission Standards for Heavy-Duty Highway Engines and
Vehicles,” Available online: https.//www.epa.gov/emission-standards-reference-guide/epa-emission-standards-
heavy-duty-highway-engines-and-vehicles. (last accessed June 25, 2021)

3 EPA’s regulations address heavy-duty engines and vehicles separately from light-duty vehicles. Vehicles with
GVWR above 8,500 pounds (Class 2b and above) are classified in the regulations as heavy-duty. For criteria
pollutants EPA's standards generally apply to the engine rather than the vehicle for heavy-duty. However, most of
the Class 2b and 3 pickup trucks and vans (vehicles with a GVWR between 8,500 and 14,000 pounds) are chassis-
certified heavy-duty vehicles and covered by standards in EPA’s Tier 3 program (79 FR 23414, April 28, 2014; 80
FR 0978, February 19, 2015). As noted in Section III, there are a small number of Class 2b and 3 engines (e.g.,
trucks with dual rear wheels that are sold with a cab and chassis only), which are the subject of this proposed
rulemaking.

60 See 40 CFR 1036.140(a)(3).
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highway diesels (62 FR 54693, October 21, 1997), effective beginning with the 2004 model year,
including a combined non-methane hydrocarbon (NMHC) and NOx standard that represented a
reduction of NOx emissions by 50 percent. These NOx reductions also resulted in significant
reductions in secondary nitrate PM.

In early 2001, EPA finalized the 2007 Heavy-Duty Engine and Vehicle Rule (66 FR 5002,
January 18, 2001) to continue addressing NOx and PM emissions from both diesel and gasoline-
fueled highway heavy-duty engines. This rule established a comprehensive national program
that regulated a heavy-duty engine and its fuel as a single system, with emission standards taking
effect beginning with model year (MY) 2007 and fully phasing in by MY 2010 (EPA 2010
standards). Prior to 2007, emission standards were based on controlling the emissions formed
during the combustion process (i.e., engine-out emissions), and there was no further control of
emissions between the engine and the truck's tailpipe. But with promulgation of the 2007 final
rule, emission standards were, for the first time, based on the use of technologies to capture,
convert, and reduce harmful engine-out emissions, resulting in tailpipe emissions that were
cleaner than engine-out emissions. By and large, the industry met these new standards through
the use of exhaust aftertreatment technologies, namely, diesel oxidation catalysts, particulate
filters, and high-efficiency catalytic exhaust emission control devices. Consistent with previous
criteria pollutant regulatory programs, the program also offered flexibility to manufacturers
through the use of various emission credits averaging, banking, and trading (ABT) programs.

To ensure proper functioning of these aftertreatment technologies, which could be damaged
by sulfur, EPA also reduced the allowable level of sulfur in highway diesel fuel by 97 percent by
mid-2006. Together, the use of exhaust aftertreatment technologies and lower-sulfur fuel resulted

in diesel-fueled trucks that emitted PM and NOx tailpipe emissions at levels 90 percent and 95
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percent below emission levels from then-current highway heavy-duty engines, respectively. The
PM standard for new highway heavy-duty engines was set at 0.01 grams (10 milligrams, or 10
mg) per horsepower-hour (mg/hp-hr) by MY 2007 and the NOx and NMHC standards of 200
mg/hp-hr and 140 mg/hp-hr, respectively, were set to phase in between model years 2007 and
2010.%! In finalizing that rule, EPA estimated that the emission reductions would achieve
significant health and environmental impacts, and that the total monetized PM2.s and ozone-
related benefits of the program would exceed $70 billion, versus program costs of $4 billion
(1999%).

In 2005, EPA finalized a manufacturer-run, in-use testing program that uses portable emission
measurement systems to measure HC, CO, NOx, and PM emissions from the exhaust of in-use
heavy-duty diesel trucks (70 FR 34594, June 14, 2005). The fully enforceable program began in
2007. This effort was a significant advancement in helping to ensure that the benefits of more
stringent emission standards are realized under real-world driving conditions.

In 2009, as advanced emissions control systems were being introduced to meet the MY
2007/2010 standards, EPA promulgated a final rule to require that these advanced emissions
control systems be monitored for malfunctions via an onboard diagnostic (OBD) system (74 FR
8310, February 24, 2009). The rule, which has been fully phased in, required engine
manufacturers to install OBD systems that monitor the functioning of emission control
components on new engines and alert the vehicle operator to any detected need for emission-
related repair. It also required that manufacturers make available to the service and repair

industry information necessary to perform repair and maintenance service on OBD systems and

¢! Heavy-duty engine emission standards are defined in work specific units (i.e., milligrams per horsepower-hour)
because the standards cover a large range of engine ratings, and thus time specific standards would not provide equal
stringency across all engines.

66



other emission related engine components. In addition, EPA published a series of documents that
provided guidance to manufacturers on potential methods and measures to ensure that trucks
equipped with Selective Catalytic Reduction (SCR) technology would be refilled with the
specified quantity and quality of a urea-water mixture (also known as diesel exhaust fluid, or
DEF) necessary for the proper functioning of this NOx-reducing technology. These guidance
documents describe potential approaches that included progressive levels of alerts and warnings
communicated to the driver of the truck, which would allow adequate time to refill the DEF tank,
but ultimately, if DEF is not added, or if it is determined to be of insufficient quality, a vehicle
speed-limiting "inducement" would be triggered, requiring the DEF tank to be refilled or the
system to be repaired.

Also in 2009, EPA and Department of Transportation’s National Highway Traffic Safety
Administration (NHTSA) began working on a joint regulatory program to reduce GHG
emissions and fuel consumption from heavy-duty vehicles and engines.®?> By utilizing
regulatory approaches recommended by the National Academy of Sciences, the first phase
(“Phase 1”°) of the GHG and fuel efficiency program was finalized in 2011 (76 FR 57106,
September 15, 2011).%3 The Phase 1 program, spanning implementation from MY 2014 to 2018,
included separate standards for highway heavy-duty vehicles and heavy-duty engines. The
program offered flexibility allowing manufacturers to attain these standards through a mix of

technologies and the option to participate in an emissions credit ABT program. In the Phase 1

62 Greenhouse gas emissions from heavy-duty engines are primarily carbon dioxide (CO»), but also include methane
(CHy) and nitrous oxide (N2O). Because CO; is formed from the combustion of fuel, it is directly related to fuel
consumption.

%3 National Research Council; Transportation Research Board. The National Academies’ Committee to Assess Fuel
Economy Technologies for Medium- and Heavy-Duty Vehicles; “Technologies and Approaches to Reducing the
Fuel Consumption of Medium- and Heavy-Duty Vehicles.” 2010. Available online:
https://www.nap.edu/catalog/12845/technologies-and-approaches-to-reducing-the-fuel-consumption-of-medium-
and-heavy-duty-vehicles.
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rulemaking EPA also revised the heavy-duty vehicle and engine regulations to make them
consistent with the light-duty vehicle approach, such that all criteria pollutant and GHG
standards would apply regardless of fuel type, including all-electric vehicles (EVs).

In 2016, EPA and NHTSA finalized the Heavy-Duty Phase 2 GHG and fuel efficiency
program (“HD GHG Phase 2”) (81 FR 73478, October 25, 2016). HD GHG Phase 2 includes
technology-advancing performance-based standards for highway heavy-duty vehicles and heavy-
duty engines that will phase in over the long term, with initial standards for most vehicles and
engines commencing in MY 2021, increasing in stringency in MY 2024, and culminating in MY
2027 standards. HD GHG Phase 2 built upon the Phase 1 program and set standards based not
only on currently available technologies, but also on technologies that were still under
development or not yet widely deployed. To ensure adequate time for technology development,
HD GHG Phase 2 provided up to 10 years lead time to allow for the development and phase-in
of these control technologies. EPA recently finalized technical amendments to the HD GHG
Phase 2 rulemaking (“HD Technical Amendments”) that included changes to the test procedures
for heavy-duty engines and vehicles to improve accuracy and reduce testing burden.®*

C. Petitions to EPA for Additional NOx Emissions Control

In the summer of 2016 more than 20 organizations, including state and local air agencies from
across the country, petitioned EPA to develop more stringent NOx emission standards for on-
road heavy-duty engines.®> Among the reasons stated by the petitioners for such an EPA
rulemaking was the need for NOx emission reductions to reduce adverse health and welfare

impacts and to help areas attain the NAAQS. EPA subsequently met with a wide range of

64 86 FR 34308, June 29, 2021
%5 Brakora, Jessica. “Petitions to EPA for Revised NOx Standards for Heavy-Duty Engines” Memorandum to
Docket EPA-HQ-OAR-2019-0055. December 4, 2019.
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stakeholders in listening sessions, during which certain themes were consistent across those
stakeholders.®® For example, it became clear that there is broad support for federal action in
collaboration with the California Air Resources Board (CARB). So-called “50-state” standards
would enable technology suppliers and manufacturers to efficiently produce a single set of
reliable and compliant products. There was also broad acknowledgement of the value of
aligning implementation of new NOx standards with existing MY 2021, 2024, and 2027
milestones for HD Phase 2 GHG and fuel efficiency standards. Stakeholders thought that such
alignment would ensure that the GHG and fuel consumption reductions achieved under HD
GHG Phase 2 are maintained and allow the regulated industry to implement GHG- and NOx-
reducing technologies into their products at the same time.%’

EPA responded to the petitions on December 20, 2016, noting that an opportunity exists to
develop a new, harmonized national NOx reduction strategy for heavy-duty highway engines.®
EPA emphasized the importance of scientific and technological information when determining
the appropriate level and form of a future low NOx standard and highlighted the following

potential components of the action:

e Lower NOx emission standards

% Stakeholders included: emissions control technology suppliers; engine and vehicle manufacturers; a labor union
that represents heavy-duty engine, parts, and vehicle manufacturing workers; a heavy-duty trucking fleet trade
association; an owner-operator driver association; a truck dealers trade association; environmental, non-
governmental organizations; states and regional air quality districts; Tribal interests; California Air Resources Board
(CARB); and the petitioners.

67U.S. EPA. 2016. Memorandum in Response to Petition for Rulemaking to Adopt Ultra-Low NOx Standards for
On-Highway Heavy-Duty Trucks and Engines. Available at
https://19january2017snapshot.epa.gov/sites/production/files/201 6- 1 2/documents/nox-memorandum-nox-petition-
response-2016-12-20.pdf.

% U.S. EPA. 2016. Memorandum in Response to Petition for Rulemaking to Adopt Ultra-Low NOx Standards for
On-Highway Heavy-Duty Trucks and Engines. Available at
https://19january2017snapshot.epa.gov/sites/production/files/2016- 1 2/documents/nox-memorandum-nox-petition-
response-2016-12-20.pdyf.
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e Improvements to test procedures and test cycles to ensure emission reductions occur in
the real world, not only over the currently applicable certification test cycles
e Updated certification and in-use testing protocols
e Longer periods of mandatory emission-related component warranties
e Consideration of longer regulatory useful life, reflecting actual in-use activity
e Consideration of rebuilding
e Incentives to encourage the transition to current- and next-generation cleaner
technologies as soon as possible
As outlined in the Executive Summary and detailed in the sections that follow, this proposed
rulemaking considered these components.
D. California Heavy-duty Highway Low NOx Program Development
In this section, we present a summary of recent efforts by the state of California to establish
new, lower emission standards for highway heavy-duty engines and vehicles.®’ For the past
several decades, EPA and the California Air Resources Board (CARB) have worked together to
reduce air pollutants from highway heavy-duty engines and vehicles by establishing harmonized
emission standards for new engines and vehicles. For much of this time, EPA has taken the lead
in establishing emission standards through notice and comment rulemaking, after which CARB
would adopt the same standards and test procedures. For example, EPA promulgated the current

heavy-duty engine NOx and PM standards in a 2001 final rule, and CARB subsequently adopted

6 California has long had the unique ability among states to adopt its own separate new motor vehicle and engine
standards per Section 209 of the Clean Air Act. Although CAA section 209(a) expressly preempts states from
adopting and enforcing standards relating to the control of emissions from new motor vehicles or new motor vehicle
engines (such as state controls for new heavy-duty engines and vehicles), CAA section 209(b) directs EPA to waive
this preemption for California under certain conditions. Even with California’s ability under the CAA to establish its
own emission standards, EPA and the California Air Resources Board have worked closely together over the past
several decades to largely harmonize new heavy-duty vehicle and engine criteria pollutant standard programs.
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the same emission standards. EPA and CARB often cooperate during the implementation of
highway heavy-duty standards. Thus, for many years, the regulated industry has been able to
design a single product line of engines and vehicles that can be certified to both EPA and CARB
emission standards (which have been the same) and sold in all 50 states.

Given the significant ozone and PM air quality challenges in the state of California, CARB
has taken several steps since the EPA 2010 standards were implemented to encourage or
establish standards and requirements that go beyond EPA requirements, to further reduce NOx
emissions from heavy-duty vehicles and engines in its state. CARB’s optional (voluntary) low
NOx program, which started in 2013, was created to encourage heavy-duty engine manufacturers
to introduce technologies that emit NOx at levels below the current EPA 2010 standards. Under
this optional program, manufacturers can certify engines to one of three levels of stringency that
are 50, 75, and 90 percent below the existing EPA 2010 standards with the lowest optional
standard being 20 milligrams NOx per horsepower-hour (mg/hp-h).”® To date, only natural gas
and liquefied petroleum gas engines have been certified to these optional standards.”!

In May 2016, CARB published its Mobile Source Strategy that outlined its approach to reduce
in-state emissions from mobile sources and meet its air quality targets.”> In November 2016,
CARB held its first Public Workshop on its plans to update its heavy-duty engine and vehicle
programs.”> CARB’s 2016 Workshop kicked off a technology demonstration program (the
CARB “Low NOx Demonstration Program”), and announced plans to update emission

standards, laboratory-based and in-use test procedures, emissions warranty, durability

70 California Code of Regulations, Title 13, section 1956.8.

"I California Air Resources Board. "Optional Low NOx Certified Heavy-Duty Engines". February 2020. Available
online: https://ww3.arb.ca.gov/msprog/onroad/optionnox/optional_low nox_certified hd_engines.pdf.

72 California Air Resources Board. “Mobile Source Strategy”. May 2016. Available online:
https://ww3.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdyf.

73 California Air Resources Board. “Heavy-Duty Low NOx: Meetings & Workshops”. Available online:
https://ww2.arb.ca.gov/our-work/programs/heavy-duty-low-nox/heavy-duty-low-nox-meetings-workshops.
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demonstration requirements, and regulatory useful life provisions. The initiatives introduced in
its 2016 Workshop have since become components of CARB’s Heavy-Duty “Omnibus”
Rulemaking.”*

CARB’s goal for its Low NOx Demonstration Program was to investigate the feasibility of
reducing NOx emissions to levels significantly below today’s EPA 2010 standards. Southwest
Research Institute (SWRI) was contracted to perform the work, which was split into three
“Stages.”” In Stage 1 and 1b, SWRI demonstrated an engine technology package capable of
achieving a 90 percent NOx emissions reduction on today’s regulatory test cycles to a useful life
of 435,000 miles using an accelerated aging process.’® In Stage 2, SWRI developed and
evaluated a new low load-focused engine test cycle. In Stage 3, SWRI evaluated a new engine
platform and different technology package to ensure both criteria and GHG emission
performance. EPA has been closely observing CARB’s Low NOx Demonstration Program as a
member of the Low NOx Advisory Group for the technology development work, which includes
representatives from heavy-duty engine and aftertreatment industries, as well as from federal,
state, and local governmental agencies.”’

CARB has published several updates related to its Omnibus Rulemaking. In June 2018,

CARB approved its “Step 1 update to California’s emission control system warranty

74 California Air Resources Board. Heavy-Duty Engine and Vehicle Omnibus Regulation and Associated
Amendments. Available online: https://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox.

75 Southwest Research Institute. “Update on Heavy-Duty Low NOx Demonstration Programs at SwRI”. September
26, 2019. Available online:

https://ww3.arb.ca.gov/msprog/hdlownox/files/workgroup 20190926/guest/swri_hd_low _nox_demo_programs.pdf.
76 Southwest Research Institute. “Evaluating Technologies and Methods to Lower Nitrogen Oxide Emissions from
Heavy-Duty Vehicles: Final Report”. April 2017. Available online: https://ww3.arb.ca.gov/research/apr/past/13-
312.pdf.

77 California Air Resources Board. “Evaluating Technologies and Methods to Lower Nitrogen Oxide Emissions
from Heavy-Duty Vehicles”. May 10, 2017. Available online: https://ww3.arb.ca.gov/research/veh-emissions/low-
nox/low-nox.htm.
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regulations.”® Starting in MY 2022, the existing 100,000-mile warranty for all diesel engines
will increase to 110,000 miles for engines certified as light heavy-duty, 150,000 miles for
medium heavy-duty engines, and 350,000 miles for heavy heavy-duty engines. In November
2018, CARB approved revisions to the OBD requirements that include implementation of real
emissions assessment logging (REAL) for heavy-duty engines and other vehicles.” In April
2019, CARB published a “Staff White Paper” to present its staff’s assessment of the
technologies they believed were feasible for medium and heavy heavy-duty diesel engines in the
2022-2026 timeframe.*

In August 2020, the CARB governing board approved the staff proposal for the Omnibus rule
and directed staff to initiate the process of finalizing the provisions. *!:%? The final Omnibus rule
was approved by the California Office of Administrative Law in December 2021. The final rule
includes updates to CARB engine standards, duty-cycle test procedures, and heavy-duty off-
cycle testing program that would take effect in MY 2024, with additional updates to warranty,
durability, and useful life requirements and further reductions in standards in MYs 2027 and

2031.%

78 California Air Resources Board. “HD Warranty 2018” June 28, 2018. Available online:
https://ww2.arb.ca.gov/rulemaking/2018/hd-warranty-2018.

7 California Air Resources Board. “Heavy-Duty OBD Regulations and Rulemaking”. Available online:
https://ww2.arb.ca.gov/resources/documents/heavy-duty-obd-regulations-and-rulemaking.

80 California Air Resources Board. “California Air Resources Board Staff Current Assessment of the Technical
Feasibility of Lower NOx Standards and Associated Test Procedures for 2022 and Subsequent Model Year Medium-
Duty and Heavy-Duty Diesel Engines”. April 18, 2019. Available online:
https://ww3.arb.ca.gov/msprog/hdlownox/white_paper 04182019a.pdf.

81 California Air Resources Board. "Staff Report: Initial Statement of Reasons-Public Hearing to Consider the
Proposed Heavy-Duty Engine and Vehicle Omnibus Regulation and Associated Amendments". June 23, 2020.
Available online at: https.//ww3.arb.ca.gov/regact/2020/hdomnibuslownox/isor.pdf.

82 California Air Resources Board. Heavy-Duty Engine and Vehicle Omnibus Regulation and Associated
Amendments. Available online: Attps://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox.

8 Throughout this proposal we use "Omnibus" to refer to the engine standards, duty-cycle test procedures, heavy-
duty off-cycle testing program, useful life and warranty requirements included in the final Omnibus.
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As described in Sections I.F and .G, with details in Sections III and IV, EPA is proposing
new NOx, PM, HC, and CO emission standards for heavy-duty engines that reflect the greatest
degree of emission reduction achievable through the application of technology that we have
determined would be available for the model years to which the proposed standards would apply.
In doing so we have given appropriate consideration to additional factors, namely lead time, cost,
energy, and safety (see Sections I.F and I.G for more discussion).Throughout the rulemaking
process we will continue to evaluate what standards are appropriate given the factors that we are
directed to consider under CAA section 202(a)(3). As noted at the start of this Section [.D, EPA
and CARB have historically worked together to establish harmonized emission standards for new
heavy-duty engines and vehicles. We have received comments from different stakeholder groups
who have expressed perspectives on the alignment between the EPA and CARB Omnibus
standards they would like EPA to consider during the rulemaking. For instance, in response to an
Advance Notice of Proposed Rulemaking (ANPR) for this rule, many stakeholders encouraged
EPA to develop a national program harmonized to the greatest extent possible (see Section
I.E).% Following the ANPR, various stakeholders have provided EPA with additional
perspectives on the Omnibus rule and on the extent to which EPA should align with the
California program. For example, organizations such as the National Association of Clean Air

Agencies®’, the National Tribal Air Association®, as well as multiple vehicle supplier trade

8 The Agency published an ANPR on January 21, 2020 to present EPA's early thinking on this rulemaking and
solicit feedback from stakeholders to inform this proposal (85 FR 3306).

85 Letter to EPA Administrator Michael Regan from the National Association of Clean Air Agencies. Re: The urgent
need for federal regulatory action to adopt more stringent NOx standards for heavy-duty engines and vehicles,
beginning immediately with highway heavy-duty trucks. August 26, 2021.

8 Letter to EPA Administrator Andrew Wheeler from the National Tribal Air Association. Re: EPA’s Advance
Notice of Proposed Rulemaking for Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine
Standards Docket ID EPA-HQ-OAR-2019-0055. February 20, 2020.
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associations®” have written letters to EPA in support of strong federal standards that reflect both
the stringency and timeline of CARB’s standards. In contrast, some engine manufacturers have
raised concerns about EPA harmonizing its national program with California's rule because of
their concerns with that program's overall stringency, costs, and focus on near-term NOx
reductions over long-term CO:2 emission reductions. EPA has considered these harmonization
comments in light of the authority and requirements of CAA sections 202 and 207 in developing
the proposed standards, regulatory useful life periods, and emissions warranty periods and
intends to continue to take into consideration potential harmonization with the CARB Omnibus
program, as appropriate and consistent with CAA sections 202 and 207, during the rulemaking.
As described in Sections III and IV, a notable difference between the proposed EPA program and
the Omnibus rule is that the first step of the Omnibus rule takes effect in MY 2024, whereas the
first step of the proposed EPA program is in MY 2027. EPA's statutory authority requires a four-
year lead time for any heavy-duty engine or vehicle standard promulgated or revised under CAA
section 202(a)(3) (see Section I.F). In Sections III and IV, we discuss areas where our proposal
aligns with or differs from the Omnibus rule and request comment on issues related to
harmonization between the federal and CARB regulatory programs, including benefits or
challenges if EPA were to finalize particular aspects of its program that are not fully aligned with
the Omnibus rule.®®

As discussed in the draft RIA, we analyzed the emission inventory and air quality impacts for

the proposed criteria pollutant standards before the Omnibus Rule was finalized. We may

87 Letter to EPA Administrator Michael Regan from the Motor & Equipment Manufacturers Association,
Manufacturers of Emission Controls Association, Advanced Engine Systems Institute, and Alliance for Vehicle
Efficiency. Re: Completion of EPA’s Heavy-duty Low-NOx Rulemaking. June 24, 2021.

88 Draft RIA Chapter 5, Appendix 6 includes tables that present the main elements (i.e., numeric level of standards,
useful life, emission warranty) of CARB Omnibus requirements and EPA proposal.
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incorporate the Omnibus rule into our emission inventory and other analyses as appropriate for
the final rulemaking (FRM).%%°° We also may incorporate the CARB Advanced Clean Truck
(ACT) Regulation into our final rule analyses. As further discussed in Sections IV, VI, and XI,
the CARB ACT Regulation requires a minimum percentage of each manufacturer's heavy-duty
vehicle sales in the state of California to be zero tailpipe emission technologies starting in MY
20249192
E. Advance Notice of Proposed Rulemaking

The ANPR provided background for the provisions proposed in this rulemaking to address
criteria pollutant emissions from heavy-duty engines, including technologies we are evaluating,
test programs we have initiated, and compliance programs under consideration, as well as
requests for comments and data. The ANPR did not include discussion on the potential
stringency of standards, potential costs of the standards, or a quantitative assessment of societal
impacts (e.g., air quality, economic, environmental health); these topics are presented in this
proposal.”?
EPA received over 300 comments on the ANPR from a wide range of stakeholders, including:

government organizations (state, local, and Tribal), environmental groups, trade associations,

heavy-duty engine manufacturers, independent owner-operators, suppliers, individual fleets, and

8 See Section VI and draft RIA Chapter 5 for more information on our emission inventory modeling for the
proposal and plans to incorporate other updates in our modeling for the final rule.

% EPA has received waiver requests under CAA section 209(b) from California for the Omnibus or ACT rules;
EPA is currently reviewing the waiver requests for the CA Omnibus and ACT rules and may consider including
these rules in our analyses for the final rule. See Section III.B for discussion on our proposed approach to a
voluntary standard based on one aspect of the Omnibus requirements

91 CARB. "Notice of Decision: Advanced Clean Truck Regulation." June 2020. Available online at:
https://ww3.arb.ca.gov/regact/2019/act2019/nod.pdf.

92 Buysse and Sharpe. (July 20, 2020) "California’s Advanced Clean Trucks regulation: Sales requirements for zero-
emission heavy-duty trucks", available online at: https.//theicct.org/publications/california-hdv-ev-update-jul2020
(last accessed August 11, 2021).

9 The ANPR also did not include the proposed, targeted revisions to the HD GHG Phase 2 program that are
included in this rulemaking (see Section I.G for a summary of these proposed provisions and Section XI for details).
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individual private citizens. We provide a brief overview of the perspectives included in these
comments in this subsection, with more specific discussion of comments included in subsequent
sections of the proposal as relevant to individual comments or groups of comments.

Comments from government organizations, including multiple state and local air agencies,
emphasized that reductions in NOx emissions from heavy-duty engines are necessary for
attainment and maintenance of the NAAQS. States commented that they cannot control heavy-
duty engine emissions since they cross state borders and controlling emissions from other
sources would be economically burdensome. Commenters stated that areas in nonattainment of
the NAAQS are having difficulty attaining, and some areas currently in attainment are close to or
exceeding the NAAQS. As further discussed in Section II, commenters noted environmental
justice and other public health concerns, along with regional haze and ecosystem concerns.
These commenters requested stringent emission controls on heavy-duty engines in as short a
timeframe as possible (including early incentives) and expressed widespread interest in ensuring
control over the lifetime of the engine, including addressing emissions from tampering and
idling.

Several environmental groups submitted comments that were similar to several of the state
and local agency comments; environmental groups supported stringent emission controls and
maintaining that level of emission control for longer durations by lengthening useful life and
emission warranty periods. These commenters further supported improvements to the in-use
testing program for heavy-duty diesel engines, and anti-tampering measures for all heavy-duty
engines.

Comments from the Truck and Engine Manufacturers Association (EMA), a trade association

for heavy-duty engine and truck manufacturers emphasized broad support for a 50-state program
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and encouraged EPA to conduct a thorough analysis of the costs and benefits of proposed NOx
emission standards. To emphasize their cost concerns, EMA provided an industry-sponsored
assessment of the cost to comply with potential requirements discussed in the April 2019 CARB
Staff Whitepaper.®*

Several truck owners, truck operators, fleets, and dealerships also expressed general support
for a national, harmonized low-NOx program. Many commenters included their experiences with
expensive towing costs and downtime from emission system failures; they stated that although
the reliability of emission system controls has improved since the 2010 timeframe, it remains an
ongoing concern. ANPR commenters also indicated that engine derates or "inducements" are a
significant source of operator frustration.” In addition, commenters urged EPA to conduct a
thorough cost assessment, and noted that if the initial purchase price, or operational costs for new
trucks is too high, then it may incentivize owners to keep older trucks on the road. These
commenters expressed varying views on lengthening emission warranty requirements, with some
urging a careful consideration of the impacts of longer warranty requirements, while others
expressed support for longer warranty requirements.

Suppliers, supplier trade groups, and labor groups were all generally supportive of more
stringent NOx emission standards. They also generally stated strong support for a 50-state,
harmonized EPA-CARB program. They also emphasized the importance of providing industry

with regulatory certainty. They noted that EPA must balance emission reductions with

%4 California Air Resources Board. “California Air Resources Board Staff Current Assessment of the Technical
Feasibility of Lower NOx Standards and Associated Test Procedures for 2022 and Subsequent Model Year Medium-
Duty and Heavy-Duty Diesel Engines”. April 18, 2019. Available online:
https://ww3.arb.ca.gov/msprog/hdlownox/white_paper 04182019a.pdf.

%5 Engine derating is a control strategy that reduces engine performance to protect the engine or induce an operator
behavior, such as maintaining appropriate levels of high-quality diesel emission fluid (DEF) in their SCR-based
aftertreatment systems. Throughout this preamble we refer to engine derates that derive from aftertreatment-related
triggers as “inducements”.
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technology costs, feasibility, lead-time, and avoid market disruptions. Several suppliers and trade
groups provided detailed technical information on low NOx technology. They also expressed
support for longer useful life and warranty requirements but cautioned EPA to carefully design
longer emissions warranty requirements and to consider a phase-in approach. Several suppliers
and trade groups also supported incentives for the early introduction of low-NOx technology.

All of the ANPR comments are part of the docket for the proposal and have informed our
thinking in developing the proposed provisions to address criteria pollutant emissions from
heavy-duty engines.
F. EPA Statutory Authority for the Proposal

This section briefly summarizes the statutory authority for the proposed rule. Title II of the
Clean Air Act provides for comprehensive regulation of mobile sources, authorizing EPA to
regulate emissions of air pollutants from all mobile source categories. Specific Title II authorities
for this proposal include: CAA sections 202, 203, 206, 207, 208, 213, 216, and 301 (42 U.S.C.
7521, 7522, 7525, 7541, 7542, 7547, 7550, and 7601). We discuss some key aspects of these
sections in relation to this proposed action immediately below (see also Section XIV of this
preamble), as well as in each of the relevant sections later in this proposal. Regarding the
confidentiality determinations EPA is proposing to make through this notice and comment
rulemaking for much of the information collected by EPA for certification and compliance under
Title II, see Section XII.A. for discussion of relevant statutory authority.

Statutory authority for the proposed NOx, PM, HC, CO, and GHG emission standards in this
action comes from CAA section 202(a) which states that “the Administrator shall by regulation
prescribe (and from time to time revise)... standards applicable to the emission of any air

pollutant from any class or classes of new...motor vehicle engines, which in his judgment cause,
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or contribute to, air pollution which may reasonably be anticipated to endanger public health or
welfare.” Standards under CAA section 202(a) take effect ‘‘after such period as the
Administrator finds necessary to permit the development and application of the requisite
technology, giving appropriate consideration to the cost of compliance within such period.”’
Thus, in establishing or revising CAA section 202(a) standards designed to reduce air pollution
that endangers public health and welfare, EPA also must consider issues of technological
feasibility, compliance cost, and lead time. EPA may consider other factors and in previous
engine and vehicle standards rulemakings has considered the impacts of potential standards on
the heavy-duty industry, fuel savings, oil conservation, energy security and other energy impacts,
as well as other relevant considerations such as safety.
1. Statutory Authority for Proposed Criteria Pollutant Program

Section 202(a)(3) further addresses EPA authority to establish standards for emissions of
NOx, PM, HC, and CO from heavy-duty engines and vehicles. Section 202(a)(3)(A) requires that
such standards "reflect the greatest degree of emission reduction achievable through the
application of technology which the Administrator determines will be available for the model
year to which such standards apply, giving appropriate consideration to cost, energy, and safety
factors associated with the application of such technology." Section 202(a)(3)(B) allows EPA to
take into account air quality information in revising such standards. Section 202(a)(3)(C)
provides that standards shall apply for a period of no less than three model years beginning no
earlier than the model year commencing four years after promulgation. CAA section
202(a)(3)(A) is a technology-forcing provision and reflects Congress' intent that standards be

based on projections of future advances in pollution control capability, considering costs and
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other statutory factors.”®” CAA section 202(a)(3) neither requires that EPA consider all the
statutory factors equally nor mandates a specific method of cost-analysis; rather EPA has
discretion in determining the appropriate consideration to give such factors.”®

Section II, and Chapter 4 of the draft RIA, describe EPA's analysis of information regarding
heavy-duty engines' contribution to air pollution and how that pollution adversely impacts public
health and welfare. Section I.G, with more detail in Section III and Chapter 4 of the draft RIA,
discusses our feasibility analysis of the standards and useful life periods for both proposed
Options. Our evaluation shows that the standards and useful life periods in both steps of
proposed Option 1 are feasible and would result in the greatest emission reductions achievable
for the model years to which they are proposed to apply, pursuant to CAA section 202(a)(3),
giving appropriate consideration to costs, lead time, and other factors. Our analysis further shows
that the standards and useful life periods in proposed Option 2 are feasible in the 2027 model
year, but would result in lower levels of emission reductions compared to proposed Option 1. As
explained further in Section III and Chapter 3 of the draft RIA, we expect that additional data

from EPA’s ongoing work to demonstrate the performance of emission control technologies, as

% See National Petrochemical & Refiners Association v. EPA, 287 F.3d 1130, 1136 (D.C. Cir. 2002) (explaining
that EPA is authorized to adopt “technology-forcing” regulations under CAA section 202(a)(3)); NRDC v. Thomas,
805 F.2d 410, 428 n.30 (D.C. Cir. 1986) (explaining that such statutory language that "seek[s] to promote
technological advances while also accounting for cost does not detract from their categorization as technology-
forcing standards"); see also Husqvarna AB v. EPA, 254 F.3d 195 (D.C. Cir. 2001) (explaining that CAA sections
202 and 213 have similar language and are technology-forcing standards).

97 In this context, the term ‘technology-forcing’” has a specific legal meaning and is used to distinguish standards
that may require manufacturers to develop new technologies (or significantly improve existing technologies) from
standards that can be met using off-the-shelf technology alone. Technology-forcing standards such as those in this
proposed rule do not require manufacturers to use specific technologies.

% See, e.g., Sierra Club v. EPA, 325 F.3d 374, 378 (DC Cir. 2003) (explaining that similar technology-forcing
language in CAA section 202(1)(2) "does not resolve how the Administrator should weigh all [the statutory] factors
in the process of finding the 'greatest emission reduction achievable'”); Husqvarna AB v. EPA, 254 F.3d 195, 200
(D.C. Cir. 2001) (explaining that under CAA section 213's similar technology-forcing authority that "EPA did not
deviate from its statutory mandate or frustrate congressional will by placing primary significance on the 'greatest
degree of emission reduction achievable' or by considering cost and other statutory factors as important but
secondary).
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well as information received in public comments, will allow us to refine our assessments and
consideration of the feasibility of the combination of the standards and useful life periods,
particularly for the largest CI engines (HHDESs), in proposed Options 1 and 2, after consideration
of lead time, costs, and other factors. Therefore, we are co-proposing Options 1 and 2 standards
and useful life periods, and the range of options in between them, as the options that may
potentially be appropriate to finalize pursuant to CAA section 202(a)(3) once EPA has
considered that additional data and other information. We considered costs and lead time in
designing the proposed program options, including in our analysis of how manufacturers would
adopt advanced emission control technologies to meet the proposed standards for the applicable
model years. For example, the first step of proposed Option 1 allows manufacturers to minimize
costs by implementing a single redesign of heavy-duty engines for MY 2027, which is when both
the final step of the HD GHG Phase 2 standards and the first step of the proposed Option 1
standards would start to apply. The second step of proposed Option 1 (MY 2031) would provide
manufacturers the time needed to ensure that emission control components are durable enough
for the proposed second step of revised standards and longer useful life periods. *-!%°

As described in Section III, we are proposing new test cycles for both pre-production and
post-certification testing. Manufacturers demonstrate compliance over specified duty cycle test
procedures during pre-production testing, which is conducted by EPA or the manufacturer. These
data and other information submitted by the manufacturer as part of their certification application

are the basis on which EPA issues certificates of conformity pursuant to CAA section 206. Under

CAA section 203, sales of new vehicles are prohibited unless the vehicle is covered by a

% The second step of the proposed Option 1 standards in MY 2031 provides four years of stability following the first
step of the program.

100 See Section 111 for details on our proposed test cycles and standards, and Section IV for our proposed compliance
provisions.
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certificate of conformity. Compliance with standards is required not only at certification but
throughout the useful life period of the engine and vehicle, based on post-certification testing.
Post-certification testing can include both specific duty cycle test procedures and off-cycle test
procedures that are conducted with undefined duty cycles either on the road or in the laboratory
(see Sections III.A and IV.K for more discussion on for testing at various stages in the life of an
engine).

As described in Section IV, we are proposing to lengthen regulatory useful life and emission
warranty periods to better reflect the mileages and time periods over which heavy-duty engines
are driven today. CAA section 202(d) directs EPA to prescribe regulations under which the
useful life of vehicles and engines are determined and establishes minimum values of 10 years or
100,000 miles, whichever occurs first, unless EPA determines that a period of greater duration or
mileage is appropriate. EPA may apply adjustment factors to assure compliance with
requirements in use throughout useful life (CAA section 206(a)). CAA section 207(a) requires
manufacturers to provide an emissions warranty, which EPA last updated in its regulations for
heavy-duty engines in 1983 (see 40 CFR 86.085-2).!%!

2. Statutory Authority for Targeted Revisions to the Heavy-Duty GHG Phase 2 Program

In addition, as discussed in Section XI, EPA is proposing a limited set of revisions to MY
2027 Phase 2 GHG emissions standards under its CAA section 202(a) authority described in this
section (Section I.F). We have developed an approach to propose targeted updates to HD GHG
Phase 2 standards that take into consideration the growing HD electric vehicle market without

fundamentally changing the HD GHG Phase 2 program as a whole. In addition, we are

10148 FR 52170, November 16, 1983.
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requesting comment on potential changes to the advanced technology incentive program for
electric vehicles beginning in MY 2024.
G. Basis of the Proposed Standards

Our approach to further reduce air pollution from highway heavy-duty engines and vehicles
through the proposed program features several key provisions. The primary provisions address
criteria pollutant emissions from heavy-duty engines. In addition, this proposal would make
targeted updates to the existing Heavy-Duty Greenhouse Gas Emissions Phase 2 program,
proposing that further GHG reductions in the MY 2027 timeframe are appropriate considering
lead time, costs, and other factors, including market shifts to zero-emission technologies in
certain segments of the heavy-duty vehicle sector.
1. Basis of the Proposed Criteria Pollutant Standards

Heavy-duty engines across the U.S. emit NOx, PM, VOCs, and CO that contribute to ambient
levels of ozone, PM, NOx, and CO; these pollutants are linked to premature death, respiratory
illness (including childhood asthma), cardiovascular problems, and other adverse health impacts.
In addition, these pollutants reduce visibility and negatively impact ecosystems. Data show that
NOx emissions from heavy-duty engines are important contributors to concentrations of ozone
and PM2 s and their resulting threat to public health.!%>1% As discussed in Section II, we estimate
that heavy-duty engines will continue to be one of the largest contributors to mobile source NOx

emissions nationwide in the future, representing 32 percent of the mobile source and 89 percent

102 Zawacki et al, 2018. Mobile source contributions to ambient ozone and particulate matter in 2025. Atmospheric
Environment, Vol 188, pg 129-141. Available online: https://doi.org/10.1016/j.atmosenv.2018.04.057.

103 Davidson et al, 2020. The recent and future health burden of the U.S. mobile sector apportioned by source.
Environmental Research Letters. Available online: https://doi.org/10.1088/1748-9326/ab83a8.
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of the onroad NOx emission inventories in calendar year 2045.1%1% For the reasons summarized
here and explained further in those sections, EPA concludes that revised standards are warranted
to address the emissions of these pollutants and their contribution to national air pollution.

As required by CAA section 202(a)(3), EPA is proposing new NOx, PM, HC, and CO
emission standards for heavy-duty engines that reflect the greatest degree of emission reduction
achievable through the application of technology that we have determined would be available for
the model years to which the proposed standards would apply. In doing so we have given
appropriate consideration to additional factors, namely lead time, cost, energy, and safety. Our
technical assessments are primarily based on results from diesel engine demonstration testing
conducted by CARB at Southwest Research Institute,'’ heavy-duty gasoline and diesel engines
testing conducted at EPA's National Vehicle and Fuel Emissions Laboratory (NVFEL), heavy-
duty engine certification data submitted to EPA by manufacturers, ANPR comments, and other
data submitted by industry stakeholders or studies conducted by EPA, as more specifically
identified in the sections that follow. We expect that additional data from EPA’s ongoing work to
demonstrate the performance of emission control technologies will allow us to refine our
assessments and consideration of the feasibility of the combination of standards and useful life
periods in proposed Options 1 and 2, after consideration of lead time, costs, and other factors.
Therefore, we are co-proposing Options 1 and 2 to illustrate a broader range of potential options.
We also present an alternative (the Alternative) that we considered in the development of this

proposal but for which we currently lack information to conclude would be feasible throughout

104 U.S. Environmental Protection Agency (2021). 2016v1 Platform. htips.//www.epa.gov/air-emissions-
modeling/2016vI1-platform

105 Han, Jachoon. Memorandum to the Docket EPA-HQ-OAR-2019-0055: “MOVES Modeling-Related Data Files
(MOVES Code, Input Databases and Runspecs) for the Proposed Heavy-Duty 2027 Standards”. February 2022.
106 See Section I11.B and draft RIA Chapter 3.1 for more details and discussion on data from diesel engine
demonstration testing.
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the useful periods included in this alternative and in the model year in which the standards would
begin. As outlined in this section and detailed in Sections III and IV, we solicit comment on the
proposed Options 1 and 2, the Alternative presented, or other alternatives within and outside the
range of options.

As noted in the Executive Summary and discussed in Section III, the proposed Options 1 and
2 standards and the Alternative would each begin to apply in MY 2027. We selected this model
year for two reasons. First, as explained in Section I.F, the CAA requires EPA to provide at least
four years of lead time from the promulgation of a final rule. We expect to finalize this
rulemaking in 2022, such that MY 2027 would be the earliest model year the new requirements
could apply. Second, the timing of the final stage of the HD GHG Phase 2 program in MY 2027
leads us to believe that MY 2027 is the appropriate time for the proposed standards to begin
since this would allow manufacturers to design a single engine platform that complies with both
HD GHG Phase 2 and the criteria pollutant requirements. We expect that a single engine design
for both rulemakings would minimize costs and improve reliability of the emission control
components by integrating design changes for both rules (see Section III.A for more discussion
on MY 2027 as the first implementation year for the proposed program).

The MY 2031 standards in proposed Option 1 would begin four model years after the MY
2027 standards in proposed Option 1, which is an additional year beyond the CAA requirement
for at least three years of stability.'%” Both steps of the proposed Option 1 standards reflect the
greatest degree of emission reductions achievable in each model year when combined with the
proposed longer useful life periods, new test cycles, and other compliance provisions that start in

each model year. We expect that the changes to useful life in proposed Options 1 and 2 would

197 The two alternative sets of standards that we present would each be implemented in a single step beginning in

MY 2027.
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improve component durability, but additional increases in useful life, such as those associated
with the proposed MY 2031 standards in proposed Option 1, may take manufacturers more time
to develop (see Section IV for more discussion). Therefore, proposed Option 1 includes a two-
step approach to allow additional lead time for manufacturers to develop emission control
components durable enough for the proposed longer useful life periods. In Section III.A we
request comment on the two-step approach in proposed Option 1.

In Sections III and IV, we present the details of the two-step proposed Option 1 (MY's 2027
and 2031) and the proposed Option 2 that would occur in a single step (MY 2027). We also
present details of the Alternative, which would also occur in a single step (MY 2027). Overall,
proposed Option 2 is less stringent than the MY 2031 standards in proposed Option 1 due to
higher numeric levels of the NOx emission standards and shorter useful life periods in proposed
Option 2. For our proposed Options 1 and 2 standards, we project that the emission control
technologies used in MY 2027 would build on those used in light- and heavy-duty engines today.
For heavy-duty CI engines, under both the proposed Option 1 MY 2031 standards and the
proposed Option 2 standards, we project the use of the valvetrain engine technology combined
with updates to the SCR system configuration that builds on what is used in current light-duty
trucks and heavy-duty engines. For heavy-duty SI engines, the technologies we are evaluating
that would achieve the standards in the proposed Options 1 and 2 largely build on the three-way
catalyst-based emission control strategies used in heavy-duty SI chassis certified engine
products.

The Alternative we considered includes lower (more stringent) numeric NOx emission levels
for Heavy HDEs, and lower HC emission levels for all CI and SI engine classes, combined with

longer useful life periods and shorter lead time compared to the MY 2031 standards in proposed
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Option 1. The test data we currently have from our engine demonstration program is not
sufficient to conclude that the Alternative standards would be feasible in the MY2027 timeframe;
we would need additional data before we could project that the Alternative is feasible for the MY
2027 timeframe.

We continue to believe it is appropriate for SI and CI engines to have numerically identical
standards for the criteria pollutants. As described in Section III, the proposed standards for each
pollutant are primarily based on the engine type (CI and SI) for which the particular emission
standard is most challenging to achieve. The NOx standards in proposed Options 1 and 2 are
based primarily on emission test data from CI engine demonstration work, while the HC and CO
standards in the proposed Options 1 and 2 are based on the SI engine demonstration program.
Currently available engine demonstration test data show that the heavy-duty CI engine
technologies we are evaluating can achieve a 75 to 90 percent reduction from current NOx
standards. These data indicate that the NOx standards for MY 2027 in proposed Options 1 and 2
are achievable for a useful life period of 600,000 miles, which encompasses the proposed Option
2 useful life periods for Light HDE and Medium HDEs. Our evaluation of the current data
suggests that the proposed Option 2 standards would also be feasible out to the proposed Option
2 Heavy HDE useful life; we are continuing to collect data to confirm our extrapolation of data
out to the longer HDE useful life mileage. As discussed in Section IV.A, useful life mileages for
proposed Option 2 are higher than the MY 2027 useful life values in proposed Option 1, but
lower than the MY 2031 useful life values in proposed Option 1. The useful life mileages
included in the proposed Options 1 and 2 are based on the operational life of engines in the field
today. Data show that heavy-duty engines are operating in the real world well beyond the useful

life periods in our existing regulations, and thus we are proposing longer useful life periods to
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ensure that emission control systems are durable for an appropriate portion of their use in the real
world (see Section IV for details). For the Alternative, data suggest that to meet the combination
of numeric levels of the Alternative NOx emission standards and useful life periods for Light
HDEs and Medium HDEs, it may be appropriate for EPA to consider providing manufacturers
with additional lead time, beyond the MY 2027 implementation date of the Alternative. For
Heavy HDEs, our evaluation of current data suggests that wholly different emission control
technologies than we have evaluated to date (i.e., not based on CDA and a dual SCR) would be
needed to meet the Alternative NOx standards for Heavy HDEs; we request comment on this
conclusion and on the availability, or potential development and timeline, of such additional
technologies.

Our demonstration test data do show that CI engines can achieve the PM, HC, and CO
standards in proposed Options 1 and 2, each of which would result in at least a 50 percent
reduction from current emission standards for PM, HC, and CO. The HC and CO standards in
the proposed Options 1 and 2, are based on SI engine demonstration data with a catalyst aged
beyond the useful life of those scenarios. Available data indicate that the combination of NOx,
HC, and CO emission levels over the longer useful life period reflected in the SI standards of the
Alternative would be very challenging to meet in the MY 2027 timeframe. In contrast, we
believe the additional lead time provided by the second step of the MY 2031 standards in
proposed Option 1, combined with the higher numeric standard for HC and the shorter useful life
mileage, results in the MY 2031 standards in proposed Option 1 being both feasible and
technology forcing.

We are also proposing to require onboard refueling vapor recovery (ORVR) for incomplete

vehicles over 14,000 Ib GVWR fueled by gasoline and other volatile fuels. Currently,
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hydrocarbon vapors from those vehicles are uncontrolled during refueling events, despite
technology to control these emissions being widely adopted in vehicles in lower weight classes
for almost 20 years. Recent data show this lack of emission control technology can result in
refueling emissions that are more than 10 times current light-duty refueling standards (see
Section II1.D.2 for more discussion). We included ORVR in the analysis of both proposed
Options 1 and 2, as well as the Alternative.

Our PM standards are based on certification test data that show the proposed 50 percent
reduction in the current PM standard is achievable in CI and SI heavy-duty engines being
certified today; the same reduction in PM standard is included in both proposed Options 1 and 2,
as well as the Alternative. We believe lowering the PM standard to a level currently achievable
through the use of emission control technology used in new engines being sold today is
appropriate. EPA is not aware of any technology that is feasible to adopt in the 2027 timeframe
that would reduce PM emissions further, and variability in PM measurement starts to increase at
PM levels lower than the proposed standard. Nevertheless, we request comment on if there are
technologies that EPA could consider that would enable a PM standard lower than 5 mg/hp-hr.

The proposed Options 1 and 2 generally represent the range of options, including the NOx,
HC, and CO standards, useful life periods and lead time that we are currently considering in this
rule; we expect we may receive additional information through public comments or data we
continue to collect on the feasibility, costs, and other impacts of the proposed Options 1 and 2.'%
In order to consider adopting the Alternative in the final rule, we would need additional

information to be able to conclude that the Alternative is feasible in the MY 2027 timeframe. We

108 The numeric level of the standards for PM are consistent across the proposal and both alternatives since they are

intended to ensure that the level of PM emissions from current engines does not increase as manufacturers make
adjustments to further control NOx, CO, or other pollutants. See Section III.B.2 for more discussion.
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request comment on all aspects of the proposal, including the revised emission standards and
useful life and warranty periods, one and two-step approaches, model years of implementation in
proposed Options 1 and 2, or other alternatives roughly within the range of options covered by
the proposed Options 1 and 2, as well as other provisions described in this proposal. We also
request comment, including relevant data and other information, related to the feasibility of the
implementation model year, numeric levels of the emission standards, and useful life and
warranty periods included in the Alternative, or other alternatives outside the range of options
covered by the proposed Options 1 and 2.

As described in Section III, we are proposing new laboratory test duty cycles and standards in
response to data that show a current lack of emission control under low-load conditions in CI
heavy-duty engines, and under high-load in SI heavy-duty engines. As noted in Section VI, we
project that without the proposed provisions, low- and high-load engine operations would
account for 28 and 36 percent, respectively, of the heavy-duty NOx emission inventory in 2045.

Proposed Option 1 includes requirements for lowering the numeric level of the standard and
lengthening useful life in two steps. Consistent with our approach for useful life, proposed
Option 1 would lengthen emission warranty mileages in two steps, such that the proposed MY
2031 warranty would cover an appropriate portion of the proposed MY 2031 regulatory useful
life (see Section I'V.B for more discussion). The proposed Option 2 would lengthen emission
warranty mileages in a single step, consistent with the proposed single step increase in useful life
in proposed Option 2. While warranty periods do not directly impact the stringency of the
proposed standards, we expect the proposed lengthened warranty periods would improve air
quality and we included them in our inventory and cost analyses of the proposed Option 1 and

Option 2 standards.
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We are also proposing additional compliance provisions that would begin in MY 2027, such
as targeted provisions to help ensure that owners can efficiently maintain emissions performance
over the operational life of the engine. We are proposing provisions to enhance communication
with operators, including updated diagnostic requirements, a revised inducement policy for SCR-
based aftertreatment systems, and improved access to service information (see Section IV.B for
more discussion). We believe these proposed provisions could decrease the likelihood that
owners tamper with (i.e., remove or otherwise disable) emission control systems.

The emission reductions from the proposed program would increase over time as more new,
cleaner vehicles enter the fleet. For example, by 2040 the proposed Option 1 would reduce
heavy-duty NOx emissions by more than 55 percent, compared to projected 2040 emissions
without the proposed rule. The proposed Option 2 would reduce heavy-duty NOx emissions by
44 percent in 2040 (see Section VI for details on projected emission reductions from proposed
Option 1 or 2). These emission reductions would lower ambient concentrations of pollutants such
as ozone and PM2 5. Our analysis shows that the proposed Option 1 would provide more
emission reductions than proposed Option 2, and less reductions than the Alternative. Our air
quality modeling analysis of Option 1's projected emission reductions shows widespread
reductions in ambient concentrations of air pollutants in 2045, which is a year by which most of
the regulated fleet would have turned over.!® Our analysis shows that these emission reductions
would result in significant improvements in ozone concentrations; ambient PM2.s, NO2 and CO
concentrations would also improve in 2045 (see Section VII for details). Based on our air quality
analysis of PM2.s and ozone, we estimate that in 2045, the proposed Option 1 would result in

total annual monetized health benefits of $12 and $33 billion at a 3 percent discount rate and $10

199 Dye to resource constraints, we only conducted air quality modeling for the proposed Option 1.
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and $30 billion at a 7 percent discount rate (2017 dollars). We estimate that in 2045, the
proposed Option 2 would result in total annual monetized health benefits of $9 and $26 billion at
a 3 percent discount rate and $8 and $23 billion at a 7 percent discount rate (2017 dollars) (see
Section VIII for details).

In addition to projected health benefits, we considered several other factors in developing the
proposed standards, including cost, energy, and safety. Our cost analysis, presented in Section V,
accounts for costs to manufacturers and to truck owners. Costs to manufacturers include direct
manufacturing costs (i.e., new hardware/technology) and indirect costs (e.g., emission warranty,
R&D), while costs to truck owners include operating costs (e.g., fuel, diesel exhaust fluid,
emission control system repairs). Our analysis shows that direct manufacturing costs are the
same for proposed Options 1 and 2; however, indirect costs result in total costs to manufacturers
(i.e., total technology costs) under the proposed Option 1 being slightly higher than under the
proposed Option 2. The operating costs associated with the proposed Option 1 are estimated to
be lower than those of proposed Option 2. The lower operating costs in proposed Option 1
(largely from lower repair costs) offset the higher technology costs (due to higher warranty and
R&D driven indirect costs) in proposed Option 1, which results in a lower total cost of proposed
Option 1 relative to proposed Option 2 when costs are summed for 2027 through 2045. For the
Alternative, we have not determined the incremental direct manufacturing costs of the
technology needed to meet the standards, and we would need additional data before we could
project that the Alternative is feasible for the MY 2027 timeframe.

Section IX compares the benefits and costs of the proposed Options 1 and 2. Our analysis
shows that while proposed Option 2 provides higher emission reductions in the early years of the

program, it has lower net benefits than proposed Option 1 when considering the time period of
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2027 through 2045; this is a result of both higher costs and lower emission reductions relative to
proposed Option 1 in the later years of the program. As noted throughout this section and
discussed in Sections III and IV, we do not currently have information to project that the
Alternative standards as currently formulated are feasible in the MY 2027 timeframe with the
emission control technologies we evaluated to date, and thus we are not presenting an analysis of
the costs or benefits of the Alternative.

Our current evaluation of available data shows that the standards and useful life periods in
both steps of proposed Option 1 are feasible and that each step would result in the greatest
degree of emission reduction achievable for the model years to which they are proposed to apply,
pursuant to CAA section 202(a)(3), giving appropriate consideration to cost, lead time, and other
factors. Our analysis further shows that the standards and useful life periods in proposed Option
2 are feasible in the 2027 model year, but would result in lower levels of emission reductions
compared to proposed Option 1. Given the analysis we present in this proposal, we currently
believe that proposed Option 1 may be a more appropriate level of stringency as it would result
in a greater level of achievable emission reduction for the model years proposed, which is
consistent with EPA’s statutory authority under Clean Air Act section 202(a)(3). However, as
further discussed in Section III and draft RIA Chapter 3, we expect that additional data from
EPA’s ongoing work to demonstrate the performance of emission control technologies, as well
as information received in public comments, will allow us to refine our assessments and
consideration of the feasibility of the combination of the standards and useful life periods,
particularly for the largest CI engines (HHDEs), in proposed Options 1 and 2, after consideration
of lead time, costs, and other factors. Therefore, we are co-proposing Options 1 and 2 standards

and useful life periods, and the range of options in between them, as the options that may
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potentially be appropriate to finalize pursuant to CAA section 202(a)(3) once EPA has
considered that additional data and other information.

Our analysis further shows that the proposed Option 1 and 2 standards would have no
negative impacts on energy; as discussed in Section III, our evaluation of test engine data shows
no change in energy consumption (i.e., fuel) relative to a baseline engine. Similarly, we
anticipate no negative impacts on safety due to the proposed program.

2. Basis of the Targeted Revisions to the HD GHG Phase 2 Program

In addition to the proposed criteria pollutant program provisions, we are proposing targeted
updates to certain COz standards for MY 2027 trucks, and we are requesting comment on
updates to the advanced technology incentive program for electric vehicles. The transportation
sector is the largest U.S. source of GHG emissions, representing 29 percent of total GHG
emissions.!!® Within the transportation sector, heavy-duty vehicles are the second largest
contributor, at 23 percent.!!" GHG emissions have significant impacts on public health and
welfare as evidenced by the well-documented scientific record and as set forth in EPA’s
Endangerment and Cause or Contribute Findings under CAA section 202(a).!'? Therefore,
continued emission reductions in the heavy-duty vehicle sector are appropriate.

We are at the early stages of a significant transition in the history of the heavy-duty on-
highway sector—a shift to zero-emission vehicle technologies. This change is underway and
presents an opportunity for significant reductions in heavy-duty GHG emissions. Major trucking
fleets, manufacturers and U.S. states have announced plans to shift the heavy-duty fleet toward

zero-emissions technology beyond levels we accounted for in setting the existing HD GHG

19 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2019 (EPA-430-R-21-005, published April
2021).

" Ibid.

11274 FR 66496, December 15, 2009; 81 FR 54422, August 15, 2016.
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Phase 2 standards, as detailed in Section XI. Specifically, we set the existing Phase 2 standards at
levels that would require all conventional vehicles to install varying combinations of emission-
control technologies (the degree and types of technology can differ, with some vehicles that have
less being offset by others with more, which would lead to CO2 emissions reductions). As
discussed in Section XI, the rise in electrification beyond what we had anticipated when
finalizing the HD GHG Phase 2 program (e.g., the California Advanced Clean Trucks
rulemaking) would enable manufacturers to produce some conventional vehicles without
installing any of the GHG emission-reducing technologies that we projected in the HD GHG
Phase 2 rulemaking, absent the changes we are proposing in this document. !13:114

To address this issue, EPA is proposing under its authority in CAA section 202(a) to revise
GHG emissions standards for a subset of MY 2027 heavy-duty vehicles. Specifically, we
propose to adjust HD Phase 2 vehicle GHG emission standards by sales-weighting the projected
EV production levels of school buses, transit buses, delivery trucks, and short-haul tractors and
by lowering the applicable GHG emission standards in MY 2027 accordingly. Our proposed
approach adjusts 17 of the 33 MY 2027 Phase 2 vocational vehicle and tractor standards and
does not change any MY 2021 or MY 2024 standards or any of the Class 2b/3 pickup truck and
van standards. In addition, we are requesting comment on potential changes to the advanced
technology incentive program for electric vehicles beginning in MY 2024.

Under CAA section 202(a), emission standards take effect "after such period as the

Administrator finds necessary to permit the development and application of the requisite

113 CARB. "Notice of Decision: Advanced Clean Truck Regulation." June 2020. Available online at:
https://ww3.arb.ca.gov/regact/2019/act2019/nod.pdf.

For more information on this proposed rulemaking in California see:
https://ww2.arb.ca.gov/rulemaking/2019/advancedcleantrucks ?utm_medium=email&utm_source=govdelivery.
114 EPA is currently reviewing a waiver request under CAA section 209(b) from California for the ACT rule.
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technology, giving appropriate consideration to the cost of compliance within such period."
Thus, in establishing or revising CAA section 202(a) standards, EPA must consider issues of
technological feasibility, compliance cost, and lead time. The proposed revised standards are
based on the same technology packages used to derive the current HD GHG Phase 2 standards,
which we applied to the subset of the vehicles that would otherwise not require GHG-reducing
technologies due to the higher projection of HD electric vehicles in MY 2027 and beyond and
the incentive program. The HD GHG Phase 2 standards were based on adoption rates for
technologies in technology packages that EPA regards as appropriate under CAA section 202(a)
for the reasons given in the HD GHG Phase 2 rulemaking in Section III.D.1 for tractors and
Section V.C.1 for vocational vehicles.!'> We continue to believe these technologies can be
adopted at the estimated technology adoption rates for these proposed revised standards within
the lead time that would be provided. The fleet-wide average cost per tractor projected to meet
the proposed revised MY 2027 standards is approximately $10,200 to $10,500. The fleet-wide
average cost per vocational vehicle to meet the proposed revised MY 2027 standards ranges
between $1,500 and $5,700. These increased costs would be recovered in the form of fuel
savings during the first two years of ownership for tractors and first four years for vocational
vehicles, which we still consider to be reasonable.!'® In addition, manufacturers would retain
leeway to develop alternative compliance paths, increasing the likelihood of the proposed revised
standards’ successful implementation. The targeted adjustments to the select standards we are
proposing would result in modest CO2 emissions reductions and climate-related benefits

associated with these emission reductions. As described in more detail in Section XI, we believe

11581 FR 73585 through 73613; 81 FR 73693 through 73719.
11681 FR 73904.
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this proposal considered feasibility, cost, lead time, emissions impact, and other relevant factors,
and therefore these standards are appropriate under CAA section 202(a).

In addition to these proposed standard adjustments, we are requesting comment on options to
update the advanced technology incentive program for electric and plug-in hybrid vehicles
beginning in MY 2024. These changes may be appropriate to reflect that such levels of
incentives for electrification may no longer be appropriate for certain segments of the HD EV
market. We are interested in trying to balance providing incentivizes for the continued
development of zero and near-zero emission vehicles without inadvertently undermining the
GHG emission reductions expected from the existing HD GHG Phase 2 program with
inappropriate incentives.

I1. Need for Additional Emissions Control

This proposal would reduce emissions from heavy-duty engines that contribute to ambient
levels of ozone, PM, NOx and CO, which are all pollutants for which EPA has established
health-based NAAQS. These pollutants are linked to premature death, respiratory illness
(including childhood asthma), cardiovascular problems, and other adverse health impacts.

Many groups are at greater risk than healthy people from these pollutants, including people with
heart or lung disease, outdoor workers, older adults and children. These pollutants also reduce
visibility and negatively impact ecosystems. This proposal would also reduce emissions of air
toxics from heavy-duty engines. A more detailed discussion of the health and environmental
effects associated with the pollutants affected by this proposed rule is included in Sections I1.B
and II.C and Chapter 4 of the draft RIA.

As further described in Sections I1.B.7 and I1.B.8, populations who live, work, or go to school

near high-traffic roadways experience higher rates of numerous adverse health effects, compared
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to populations far away from major roads. In addition, there is substantial evidence that people
who live or attend school near major roadways are more likely to be people of color, Hispanic
ethnicity, and/or low socioeconomic status.

Across the U.S., NOx emissions from heavy-duty engines are important contributors to
concentrations of ozone and PMa.s and their resulting threat to public health.!'”-!'® The emissions
modeling done for the proposed rule!!” (see Chapter 5 of the draft RIA) indicates that heavy-duty
engines will continue to be one of the largest contributors to mobile source NOx emissions
nationwide in the future, representing 32 percent of the mobile source NOx in calendar year
2045.12° Furthermore, it is estimated that heavy-duty engines will represent 89 percent of the
onroad NOx inventory in calendar year 2045.'?! The emission reductions that would occur from
the proposed rule are projected to reduce air pollution that is (and is projected to continue to be)
at levels that endanger public health and welfare.

Many state and local agencies across the country have asked the EPA to further reduce NOx
emissions, specifically from heavy-duty engines, because such reductions will be a critical part
of many areas’ strategies to attain and maintain the ozone and PM NAAQS. These state and
local agencies anticipate challenges in attaining the NAAQS, maintaining the NAAQS in the
future, and/or preventing nonattainment. Some nonattainment areas have already been "bumped

up" to higher classifications because of challenges in attaining the NAAQS; others say they are

117 Zawacki et al., 2018. Mobile source contributions to ambient ozone and particulate matter in 2025. Atmospheric
Environment, Vol 188, pg 129-141. Available online: https://doi.org/10.1016/j.atmosenv.2018.04.057.

8 Davidson et al., 2020. The recent and future health burden of the U.S. mobile sector apportioned by source.
Environmental Research Letters. Available online: Attps.//doi.org/10.1088/1748-9326/ab83a8.

119 Sectors other than onroad were projected from 2016v1 Emissions Modeling Platform,
http://views.cira.colostate.edu/wiki/wiki/10202.

120 U.S. Environmental Protection Agency (2021). 2016v1 Platform. /ttps.://www.epa.gov/air-emissions-
modeling/2016vI-platform

121 Han, Jachoon. Memorandum to the Docket EPA-HQ-OAR-2019-0055: “MOVES Modeling-Related Data Files
(MOVES Code, Input Databases and Runspecs) for the Proposed Heavy-Duty 2027 Standards”. February 2022.
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t.'22 Many state and local agencies commented on the ANPR

struggling to avoid nonattainmen
that heavy-duty vehicles are one of their largest sources of NOx emissions. They commented that
without action to reduce emissions from heavy-duty vehicles, they would have to adopt other
potentially more burdensome and costly measures to reduce emissions from other sources under
their state or local authority, such as local businesses. More information on the projected
emission reductions and air quality impacts that would result from this proposed rule is provided
in Sections VI and VII.

In their comments on the ANPR, environmental groups as well as state, local, and Tribal
agencies supported additional NOx reductions from heavy-duty vehicles to address concerns
about environmental justice and ensuring that all communities benefit from improvements in air
quality. Commenters also supported additional NOx reductions from heavy-duty vehicles in
order to address concerns about regional haze, and damage to terrestrial and aquatic ecosystems.
They mentioned the impacts of NOx emissions on numerous locations, such as the Chesapeake
Bay, Narragansett Bay, Long Island Sound, Joshua Tree National Park and the surrounding
Mojave Desert, the Adirondacks, and other areas. Tribes and agencies commented that NOx
deposition into lakes is harmful to fish and other aquatic life forms on which they depend for
subsistence livelihoods. They also commented that regional haze and increased rates of

weathering caused by pollution are of particular concern and can damage culturally significant

archeological sites.

122 For example, in September 2019 several 2008 ozone nonattainment areas were reclassified from moderate to
serious, including Dallas, Chicago, Connecticut, New York/New Jersey and Houston, and in January 2020, Denver.
The 2008 NAAQS for ozone is an 8-hour standard with a level of 0.075 ppm, which the 2015 ozone NAAQS
lowered to 0.070 ppm.
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A. Background on Pollutants Impacted by this Proposal
1. Ozone

Ground-level ozone pollution forms in areas with high concentrations of ambient NOx and
VOCs when solar radiation is strong. Major U.S. sources of NOx are highway and nonroad
motor vehicles, engines, power plants and other industrial sources, with natural sources, such as
soil, vegetation, and lightning, serving as smaller sources. Vegetation is the dominant source of
VOCs in the U.S. Volatile consumer and commercial products, such as propellants and solvents,
highway and nonroad vehicles, engines, fires, and industrial sources also contribute to the
atmospheric burden of VOCs at ground-level.

The processes underlying ozone formation, transport, and accumulation are complex.
Ground-level ozone is produced and destroyed by an interwoven network of free radical
reactions involving the hydroxyl radical (OH), NO, NO2, and complex reaction intermediates
derived from VOCs. Many of these reactions are sensitive to temperature and available sunlight.
High ozone events most often occur when ambient temperatures and sunlight intensities remain
high for several days under stagnant conditions. Ozone and its precursors can also be transported
hundreds of miles downwind which can lead to elevated ozone levels in areas with otherwise low
VOC or NOx emissions. As an air mass moves and is exposed to changing ambient
concentrations of NOx and VOCs, the ozone photochemical regime (relative sensitivity of ozone
formation to NOx and VOC emissions) can change.

When ambient VOC concentrations are high, comparatively small amounts of NOx catalyze
rapid ozone formation. Without available NOx, ground-level ozone production is severely
limited, and VOC reductions would have little impact on ozone concentrations. Photochemistry

under these conditions is said to be “NOx-limited.” When NOx levels are sufficiently high,
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faster NO2 oxidation consumes more radicals, dampening ozone production. Under these “VOC-
limited” conditions (also referred to as " NOx-saturated" conditions), VOC reductions are
effective in reducing ozone, and NOx can react directly with ozone resulting in suppressed ozone
concentrations near NOx emission sources. Under these NOx-saturated conditions, NOx
reductions can actually increase local ozone under certain circumstances, but overall ozone
production (considering downwind formation) decreases and even in VOC-limited areas, NOx
reductions are not expected to increase ozone levels if the NOx reductions are sufficiently large -
large enough to become NOx-limited.

The primary NAAQS for ozone, established in 2015 and retained in 2020, is an 8-hour
standard with a level of 0.07 ppm.'?* EPA recently announced that it will reconsider the previous
administration’s decision to retain the ozone NAAQS.!** The EPA is also implementing the
previous 8-hour ozone primary standard, set in 2008, at a level of 0.075 ppm. As of May 31,
2021, there were 34 ozone nonattainment areas for the 2008 ozone NAAQS, composed of 151
full or partial counties, with a population of more than 99 million, and 50 ozone nonattainment
areas for the 2015 ozone NAAQS, composed of 205 full or partial counties, with a population of
more than 122 million. In total, there are currently, as of May 31, 2021, 57 ozone nonattainment
areas with a population of more than 122 million people.'?

States with ozone nonattainment areas are required to take action to bring those areas into
attainment. The attainment date assigned to an ozone nonattainment area is based on the area’s

classification. The attainment dates for areas designated nonattainment for the 2008 8-hour

123 https://www.epa.gov/ground-level-ozone-pollution/ozone-national-ambient-air-quality-standards-naags.

124 https://www.epa.gov/ground-level-ozone-pollution/epa-reconsider-previous-administrations-decision-retain-
2015-ozone

125 The population total is calculated by summing, without double counting, the 2008 and 2015 ozone nonattainment
populations contained in the Criteria Pollutant Nonattainment Summary report (https.//www.epa.gov/green-
book/green-book-data-download).
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ozone NAAQS are in the 2015 to 2032 timeframe, depending on the severity of the problem in
each area. Attainment dates for areas designated nonattainment for the 2015 ozone NAAQS will
be in the 2021 to 2038 timeframe, again depending on the severity of the problem in each
area.'?® The proposed rule would begin to take effect in MY 2027 and would assist areas with
attaining the NAAQS and may relieve areas with already stringent local regulations from some
of the burden associated with adopting additional local controls.'?” The proposed rule could also
provide assistance to counties with ambient concentrations near the level of the NAAQS who are
working to ensure long-term attainment or maintenance of the NAAQS.
2. Particulate Matter

Particulate matter (PM) is a complex mixture of solid particles and liquid droplets distributed
among numerous atmospheric gases which interact with solid and liquid phases. Particles in the
atmosphere range in size from less than 0.01 to more than 10 micrometers (um) in diameter.'?®
Atmospheric particles can be grouped into several classes according to their aerodynamic
diameter and physical sizes. Generally, the three broad classes of particles include ultrafine
particles (UFPs, generally considered as particles with a diameter less than or equal to 0.1 pm
[typically based on physical size, thermal diffusivity or electrical mobility]), “fine” particles
(PMa2.s; particles with a nominal mean aerodynamic diameter less than or equal to 2.5 pum), and
“thoracic” particles (PMio; particles with a nominal mean aerodynamic diameter less than or
equal to 10 um). Particles that fall within the size range between PM2.5s and PMo, are referred to

as “thoracic coarse particles” (PMio-2.5, particles with a nominal mean aerodynamic diameter

128 hitps ://www.epa.gov/ground-level-ozone-pollution/ozone-naaqs-timelines.

127 While not quantified in the air quality modeling analysis for this proposed rule, the Early Adoption Incentives
under the proposed program could encourage manufacturers to introduce new emission control technologies prior to
the 2027 model year, which may help to accelerate some benefits of the proposed program (See Preamble Section
IV.H for more details on the proposed Early Adoption Incentives).

128 U.S. EPA. Policy Assessment (PA) for the Review of the National Ambient Air Quality Standards for Particulate
Matter (Final Report, 2020). U.S. Environmental Protection Agency, Washington, DC, EPA/452/R-20/002, 2020.
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greater than 2.5 pm and less than or equal to 10 um). EPA currently has NAAQS for PM2.s and
PMjo.'%

Most particles are found in the lower troposphere, where they can have residence times
ranging from a few hours to weeks. Particles are removed from the atmosphere by wet
deposition, such as when they are carried by rain or snow, or by dry deposition, when particles
settle out of suspension due to gravity. Atmospheric lifetimes are generally longest for PMa.s,
which often remains in the atmosphere for days to weeks before being removed by wet or dry
deposition.'*° In contrast, atmospheric lifetimes for UFP and PMio-2.5 are shorter. Within hours,
UFP can undergo coagulation and condensation that lead to formation of larger particles in the
accumulation mode, or can be removed from the atmosphere by evaporation, deposition, or
reactions with other atmospheric components. PMio-2.5 are also generally removed from the
atmosphere within hours, through wet or dry deposition. !

Particulate matter consists of both primary and secondary particles. Primary particles are
emitted directly from sources, such as combustion-related activities (e.g., industrial activities,
motor vehicle operation, biomass burning), while secondary particles are formed through
atmospheric chemical reactions of gaseous precursors (e.g., sulfur oxides (SOx), nitrogen oxides

(NOx) and volatile organic compounds (VOCs)). From 2000 to 2017, national annual average

129 Regulatory definitions of PM size fractions, and information on reference and equivalent methods for measuring
PM in ambient air, are provided in 40 CFR parts 50, 53, and 58. With regard to NAAQS which provide protection
against health and welfare effects, the 24-hour PM, standard provides protection against effects associated with
short-term exposure to thoracic coarse particles (i.e., PMjg.25).

130U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019. Table 2-1.

BIU.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019. Table 2-1.
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ambient PM2.5 concentrations have declined by over 40 percent,'*? largely reflecting reductions
in emissions of precursor gases.

There are two primary NAAQS for PMas: an annual standard (12.0 micrograms per cubic
meter (ug/m?)) and a 24-hour standard (35 pg/m?), and there are two secondary NAAQS for
PM:.s: an annual standard (15.0 pg/ m?) and a 24-hour standard (35 pg/m?). The initial PM2.s
standards were set in 1997 and revisions to the standards were finalized in 2006 and in December
2012 and then retained in 2020. On June 10, 2021, EPA announced that it will reconsider the
previous administration’s decision to retain the PM NAAQS. !

There are many areas of the country that are currently in nonattainment for the annual and 24-
hour primary PM2.s NAAQS. As of May 31, 2021, more than 19 million people lived in the 4
areas that are designated as nonattainment for the 1997 PM2s NAAQS. Also, as of May 31,
2021, more than 31 million people lived in the 14 areas that are designated as nonattainment for
the 2006 PM2.s NAAQS and more than 20 million people lived in the 6 areas designated as
nonattainment for the 2012 PM2.s NAAQS. In total, there are currently 17 PM2.s nonattainment
areas with a population of more than 32 million people.'** The proposed rule would take effect
in MY 2027 and would assist areas with attaining the NAAQS and may relieve areas with
already stringent local regulations from some of the burden associated with adopting additional

local controls.!* The proposed rule would also assist counties with ambient concentrations near

132 See https://www.epa.gov/air-trends/particulate-matter-pm25-trends and https.//www.epa.gov/air-
trends/particulate-matter-pm?25-trends#pmnat for more information.

133 https.//www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naags-pm.

134 The population total is calculated by summing, without double counting, the 1997, 2006 and 2012 PM, 5
nonattainment populations contained in the Criteria Pollutant Nonattainment Summary report
(https://www.epa.gov/green-book/green-book-data-download).

135 While not quantified in the air quality modeling analysis for this proposed rule, the Early Adoption Incentives
under the proposed program could encourage manufacturers to introduce new emission control technologies prior to
the 2027 model year, which may help to accelerate some benefits of the proposed program (See Preamble Section
IV.H for more details on the proposed Early Adoption Incentives).
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the level of the NAAQS who are working to ensure long-term attainment or maintenance of the
PM25s NAAQS.
3. Nitrogen Oxides

Oxides of nitrogen (NOx) refers to nitric oxide (NO) and nitrogen dioxide (NO2). Most NO2
is formed in the air through the oxidation of nitric oxide (NO) emitted when fuel is burned at a
high temperature. NOx is a criteria pollutant, regulated for its adverse effects on public health
and the environment, and highway vehicles are an important contributor to NOx emissions.
NOx, along with VOC:s, are the two major precursors of ozone and NOx is also a major
contributor to secondary PMz s formation. There are two primary NAAQS for NOz: an annual
standard (53 ppb) and a 1-hour standard (100 ppb).!*® In 2010, EPA established requirements
for monitoring NO:2 near roadways expected to have the highest concentrations within large
cities. Monitoring within this near-roadway network began in 2014, with additional sites
deployed in the following years. At present, there are no nonattainment areas for NOx.
4. Carbon Monoxide

Carbon monoxide (CO) is a colorless, odorless gas emitted from combustion processes.
Nationally, particularly in urban areas, the majority of CO emissions to ambient air come from
mobile sources.'3” There are two primary NAAQS for CO: an 8-hour standard (9 ppm) and a 1-
hour standard (35 ppm). There are currently no CO nonattainment areas; as of September 27,
2010, all CO nonattainment areas have been redesignated to attainment. The past designations

were based on the existing community-wide monitoring network. EPA made an addition to the

136 The statistical form of the 1-hour NAAQS for NO, is the 3-year average of the yearly distribution of 1-hour daily
maximum concentrations.

137U.S. EPA, (2010). Integrated Science Assessment for Carbon Monoxide (Final Report). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-09/019F, 2010.
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=218686. See Section 2.1.
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ambient air monitoring requirements for CO during the 2011 NAAQS review. Those new
requirements called for CO monitors to be operated near roads in Core Based Statistical Areas
(CBSAs) of 1 million or more persons, in addition to the existing community-based network (76
FR 54294, August 31, 2011).

5. Diesel Exhaust

Diesel exhaust is a complex mixture composed of particulate matter, carbon dioxide, oxygen,
nitrogen, water vapor, carbon monoxide, nitrogen compounds, sulfur compounds and numerous
low-molecular-weight hydrocarbons. A number of these gaseous hydrocarbon components are
individually known to be toxic, including aldehydes, benzene and 1,3-butadiene. The diesel
particulate matter present in diesel exhaust consists mostly of fine particles (< 2.5 um), of which
a significant fraction is ultrafine particles (< 0.1 pm). These particles have a large surface area
which makes them an excellent medium for adsorbing organics and their small size makes them
highly respirable. Many of the organic compounds present in the gases and on the particles, such
as polycyclic organic matter, are individually known to have mutagenic and carcinogenic
properties.

Diesel exhaust varies significantly in chemical composition and particle sizes between
different engine types (heavy-duty, light-duty), engine operating conditions (idle, acceleration,
deceleration), and fuel formulations (high/low sulfur fuel). Also, there are emissions differences
between on-road and nonroad engines because the nonroad engines are generally of older
technology. After being emitted in the engine exhaust, diesel exhaust undergoes dilution as well
as chemical and physical changes in the atmosphere. The lifetime of the components present in

diesel exhaust ranges from seconds to days.
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Because diesel particulate matter (DPM) is part of overall ambient PM, varies considerably in
composition, and lacks distinct chemical markers that enable it to be easily distinguished from
overall primary PM, we do not have direct measurements of DPM in the ambient air.!3® DPM
concentrations are estimated using ambient air quality modeling based on DPM emission
inventories. DPM emission inventories are computed as the exhaust PM emissions from mobile
sources combusting diesel or residual oil fuel. DPM concentrations were estimated as part of the
2014 National Air Toxics Assessment (NATA).!* Areas with high concentrations are clustered
in the Northeast, Great Lake States, California, and the Gulf Coast States, with the highest
impacts occurring in major urban cores, and are also distributed throughout the rest of the U.S.
Approximately half of average ambient DPM in the U.S. can be attributed to heavy-duty diesel
engines, with the remainder attributable to nonroad engines.

6. Air Toxics

The most recent available data indicate that the majority of Americans continue to be exposed
to ambient concentrations of air toxics at levels which have the potential to cause adverse health
effects.!® The levels of air toxics to which people are exposed vary depending on where people
live and work and the kinds of activities in which they engage, as discussed in detail in EPA’s
2007 Mobile Source Air Toxics Rule.'*! According to the National Air Toxic Assessment

(NATA) for 2014, mobile sources were responsible for over 40 percent of outdoor anthropogenic

133 DPM in exhaust from a high-load, high-speed engine (e.g., heavy-duty truck engines) without aftertreatment such
as a diesel particle filter (DPM) is mostly made of "soot," consisting of elemental/black carbon (EC/BC), some
organic material, and trace elements. At low loads, DPM in high-speed engine exhaust is mostly made of organic
carbon (OC), with considerably less EC/BC. Low-speed diesel engines' (e.g., large marine engines) exhaust PM is
comprised of more sulfate and less EC/BC, with OC contributing as well.

139U.S. EPA (2018) Technical Support Document EPA’s 2014 National Air Toxics Assessment.
https://'www.epa.gov/national-air-toxics-assessment/2014-nata-assessment-results.

140J.S. EPA (2018) Technical Support Document EPA’s 2014 National Air Toxics Assessment.
https://'www.epa.gov/national-air-toxics-assessment/2014-nata-assessment-results.

141U.S. Environmental Protection Agency (2007). Control of Hazardous Air Pollutants from Mobile Sources; Final
Rule. 72 FR 8434, February 26, 2007.
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toxic emissions and were the largest contributor to national average cancer and noncancer risk
from directly emitted pollutants.'4>!4* Mobile sources are also significant contributors to
precursor emissions which react to form air toxics.'** Formaldehyde is the largest contributor to
cancer risk of all 71 pollutants quantitatively assessed in the 2014 NATA. Mobile sources were
responsible for more than 25 percent of primary anthropogenic emissions of this pollutant in
2014 and are significant contributors to formaldehyde precursor emissions. Benzene is also a
large contributor to cancer risk, and mobile sources account for almost 70 percent of ambient

exposure.

12U.S. EPA. (2018) 2014 NATA: Assessment Results. https://www.epa.gov/national-air-toxics-assessment/2014-
nata-assessment-results.

43 NATA also includes estimates of risk attributable to background concentrations, which includes contributions
from long-range transport, persistent air toxics, and natural sources; as well as secondary concentrations, where
toxics are formed via secondary formation. Mobile sources substantially contribute to long-range transport and
secondarily formed air toxics.

144 Rich Cook, Sharon Phillips, Madeleine Strum, Alison Eyth & James Thurman (2020): Contribution of mobile
sources to secondary formation of carbonyl compounds, Journal of the Air & Waste Management Association, DOI:
10.1080/10962247.2020.1813839
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B. Health Effects Associated with Exposure to Pollutants Impacted by this Proposal

Heavy duty engines emit pollutants that contribute to ambient concentrations of ozone, PM,
NOz, CO, and air toxics. A discussion of the health effects associated with exposure to these
pollutants, and a discussion on environmental justice, is included in this section of the preamble.
Additionally, children are recognized to have increased vulnerability and susceptibility related to
air pollution and other environmental exposures; this is discussed further in Section XIII of the
Preamble. Information on emission reductions and air quality impacts from this proposed rule are
included in Section VI and VII of this preamble.
1. Ozone

This section provides a summary of the health effects associated with exposure to ambient
concentrations of ozone.'* The information in this section is based on the information and
conclusions in the April 2020 Integrated Science Assessment for Ozone (Ozone ISA).'* The
Ozone ISA concludes that human exposures to ambient concentrations of ozone are associated
with a number of adverse health effects and characterizes the weight of evidence for these health
effects.'” The discussion below highlights the Ozone ISA’s conclusions pertaining to health
effects associated with both short-term and long-term periods of exposure to ozone.

For short-term exposure to ozone, the Ozone ISA concludes that respiratory effects, including

lung function decrements, pulmonary inflammation, exacerbation of asthma, respiratory-related

14 Human exposure to ozone varies over time due to changes in ambient ozone concentration and because people
move between locations which have notably different ozone concentrations. Also, the amount of ozone delivered to
the lung is influenced not only by the ambient concentrations but also by the breathing route and rate.

146 U.S. EPA. Integrated Science Assessment (ISA) for Ozone and Related Photochemical Oxidants (Final Report).
U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-20/012, 2020.

147 The ISA evaluates evidence and draws conclusions on the causal relationship between relevant pollutant
exposures and health effects, assigning one of five “weight of evidence” determinations: causal relationship, likely
to be a causal relationship, suggestive of a causal relationship, inadequate to infer a causal relationship, and not
likely to be a causal relationship. For more information on these levels of evidence, please refer to Table II in the
Preamble of the ISA.
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hospital admissions, and mortality, are causally associated with ozone exposure. It also
concludes that metabolic effects, including metabolic syndrome (i.e., changes in insulin or
glucose levels, cholesterol levels, obesity and blood pressure) and complications due to diabetes
are likely to be causally associated with short-term exposure to ozone and that evidence is
suggestive of a causal relationship between cardiovascular effects, central nervous system effects
and total mortality and short-term exposure to ozone.

For long-term exposure to ozone, the Ozone ISA concludes that respiratory effects, including
new onset asthma, pulmonary inflammation and injury, are likely to be causally related with
ozone exposure. The Ozone ISA characterizes the evidence as suggestive of a causal
relationship for associations between long-term ozone exposure and cardiovascular effects,
metabolic effects, reproductive and developmental effects, central nervous system effects and
total mortality. The evidence is inadequate to infer a causal relationship between chronic ozone
exposure and increased risk of cancer.

Finally, interindividual variation in human responses to ozone exposure can result in some
groups being at increased risk for detrimental effects in response to exposure. In addition, some
groups are at increased risk of exposure due to their activities, such as outdoor workers and
children. The Ozone ISA identified several groups that are at increased risk for ozone-related
health effects. These groups are people with asthma, children and older adults, individuals with
reduced intake of certain nutrients (i.e., Vitamins C and E), outdoor workers, and individuals
having certain genetic variants related to oxidative metabolism or inflammation. Ozone
exposure during childhood can have lasting effects through adulthood. Such effects include
altered function of the respiratory and immune systems. Children absorb higher doses

(normalized to lung surface area) of ambient ozone, compared to adults, due to their increased
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time spent outdoors, higher ventilation rates relative to body size, and a tendency to breathe a
greater fraction of air through the mouth. Children also have a higher asthma prevalence
compared to adults. Recent epidemiologic studies provide generally consistent evidence that
long-term ozone exposure is associated with the development of asthma in children. Studies
comparing age groups reported higher magnitude associations for short-term ozone exposure and
respiratory hospital admissions and emergency room visits among children than for adults. Panel
studies also provide support for experimental studies with consistent associations between short-
term ozone exposure and lung function and pulmonary inflammation in healthy children.
Additional children’s vulnerability and susceptibility factors are listed in Section XIII of the
Preamble.
2. Particulate Matter

Scientific evidence spanning animal toxicological, controlled human exposure, and
epidemiologic studies shows that exposure to ambient PM is associated with a broad range of
health effects. These health effects are discussed in detail in the Integrated Science Assessment
for Particulate Matter (PM ISA), which was finalized in December 2019.'*® The PM ISA
characterizes the causal nature of relationships between PM exposure and broad health categories

(e.g., cardiovascular effects, respiratory effects, etc.) using a weight-of-evidence approach.'#’

148 U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

149 The causal framework draws upon the assessment and integration of evidence from across scientific disciplines,
spanning atmospheric chemistry, exposure, dosimetry and health effects studies (i.e., epidemiologic, controlled
human exposure, and animal toxicological studies), and assess the related uncertainties and limitations that
ultimately influence our understanding of the evidence. This framework employs a five-level hierarchy that
classifies the overall weight-of-evidence with respect to the causal nature of relationships between criteria pollutant
exposures and health and welfare effects using the following categorizations: causal relationship; likely to be causal
relationship; suggestive of, but not sufficient to infer, a causal relationship; inadequate to infer the presence or
absence of a causal relationship; and not likely to be a causal relationship (U.S. EPA. (2019). Integrated Science
Assessment for Particulate Matter (Final Report). U.S. Environmental Protection Agency, Washington, DC,
EPA/600/R-19/188, Section P. 3.2.3).
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Within this characterization, the PM ISA summarizes the health effects evidence for short- and
long-term exposures to PMa2.s, PMio-2.5, and ultrafine particles, and concludes that human
exposures to ambient PMa s are associated with a number of adverse health effects. The
discussion below highlights the PM ISA’s conclusions pertaining to the health effects evidence
for both short- and long-term PM exposures. Further discussion of PM-related health effects can
also be found in the 2020 Policy Assessment for the review of the PM NAAQS.'*

EPA has concluded that recent evidence in combination with evidence evaluated in the 2009
PM ISA supports a “causal relationship” between both long- and short-term exposures to PMa2.s
and mortality and cardiovascular effects and a “likely to be causal relationship” between long-
and short-term PMa.5 exposures and respiratory effects.!>! Additionally, recent experimental and
epidemiologic studies provide evidence supporting a “likely to be causal relationship” between
long-term PMa2.s exposure and nervous system effects, and long-term PMaz.s exposure and cancer.
In addition, EPA noted that there was more limited and uncertain evidence for long-term PMazs
exposure and reproductive and developmental effects (i.e., male/female reproduction and
fertility; pregnancy and birth outcomes), long- and short-term exposures and metabolic effects,
and short-term exposure and nervous system effects resulting in the ISA concluding "suggestive
of, but not sufficient to infer, a causal relationship."

As discussed extensively in the 2019 PM ISA, recent studies continue to support and extend
the evidence base linking short- and long-term PM2 5 exposures and mortality. !> For short-term

PM: 5 exposure, recent multi-city studies, in combination with single- and multi-city studies

130U.S. EPA. Policy Assessment (PA) for the Review of the National Ambient Air Quality Standards for Particulate
Matter (Final Report, 2020). U.S. Environmental Protection Agency, Washington, DC, EPA/452/R-20/002, 2020.
I51U.S. EPA. (2009). Integrated Science Assessment for Particulate Matter (Final Report). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-08/139F.

152U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

113



evaluated in the 2009 PM ISA, provide evidence of consistent, positive associations across
studies conducted in different geographic locations, populations with different demographic
characteristics, and studies using different exposure assignment techniques. Additionally, the
consistent and coherent evidence across scientific disciplines for cardiovascular morbidity,
particularly ischemic events and heart failure, and to a lesser degree for respiratory morbidity,
with the strongest evidence for exacerbations of chronic obstructive pulmonary disease (COPD)
and asthma, provide biological plausibility for cause-specific mortality and ultimately total
mortality.

In addition to reanalyses and extensions of the American Cancer Society (ACS) and Harvard
Six Cities (HSC) cohorts, multiple new cohort studies conducted in the U.S. and Canada
consisting of people employed in a specific job (e.g., teacher, nurse), and that apply different
exposure assignment techniques provide evidence of positive associations between long-term
PM: s exposure and mortality. Biological plausibility for mortality due to long-term PM2s
exposure is provided by the coherence of effects across scientific disciplines for cardiovascular
morbidity, particularly for coronary heart disease (CHD), stroke and atherosclerosis, and for
respiratory morbidity, particularly for the development of COPD. Additionally, recent studies
provide evidence indicating that as long-term PMa.s concentrations decrease there is an increase
in life expectancy.

A large body of recent studies examining both short- and long-term PMa.5 exposure and
cardiovascular effects supports and extends the evidence base evaluated in the 2009 PM ISA.
Some of the strongest evidence from both experimental and epidemiologic studies examining
short-term PMa.s exposures are for ischemic heart disease (IHD) and heart failure. The evidence

for cardiovascular effects is coherent across studies of short-term PM2.s exposure that have
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observed associations with a continuum of effects ranging from subtle changes in indicators of
cardiovascular health to serious clinical events, such as increased emergency department visits
and hospital admissions due to cardiovascular disease and cardiovascular mortality. For long-
term PM2.s exposure, there is strong and consistent epidemiologic evidence of a relationship with
cardiovascular mortality. This evidence is supported by epidemiologic and animal toxicological
studies demonstrating a range of cardiovascular effects including coronary heart disease, stroke,
impaired heart function, and subclinical markers (e.g., coronary artery calcification,
atherosclerotic plaque progression), which collectively provide coherence and biological
plausibility.

Recent studies continue to provide evidence of a relationship between both short- and long-
term PMz s exposure and respiratory effects. Epidemiologic and animal toxicological studies
examining short-term PMa2.s exposure provide consistent evidence of asthma and COPD
exacerbations, in children and adults, respectively. This evidence is supported by epidemiologic
studies examining asthma and COPD emergency department visits and hospital admissions, as
well as respiratory mortality. However, there is inconsistent evidence of respiratory effects,
specifically lung function declines and pulmonary inflammation, in controlled human exposure
studies. Epidemiologic studies conducted in the U.S. and abroad provide evidence of a
relationship between long-term PM2 s exposure and respiratory effects, including consistent
changes in lung function and lung function growth rate, increased asthma incidence, asthma
prevalence, and wheeze in children; acceleration of lung function decline in adults; and
respiratory mortality. The epidemiologic evidence is supported by animal toxicological studies,
which provide coherence and biological plausibility for a range of effects including impaired

lung development, decrements in lung function growth, and asthma development.
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Since the 2009 PM ISA, a growing body of scientific evidence examined the relationship
between long-term PMa.s exposure and nervous system effects, resulting for the first time in a
causality determination for this health effects category. The strongest evidence for effects on the
nervous system come from epidemiologic studies that consistently report cognitive decrements
and reductions in brain volume in adults. The effects observed in epidemiologic studies are
supported by animal toxicological studies demonstrating effects on the brain of adult animals
including inflammation, morphologic changes, and neurodegeneration of specific regions of the
brain. There is more limited evidence for neurodevelopmental effects in children with some
studies reporting positive associations with autism spectrum disorder (ASD) and others
providing limited evidence of an association with cognitive function. While there is some
evidence from animal toxicological studies indicating effects on the brain (i.e., inflammatory and
morphological changes) to support a biologically plausible pathway, epidemiologic studies of
neurodevelopmental effects are limited due to their lack of control for potential confounding by
copollutants, the small number of studies conducted, and uncertainty regarding critical exposure
windows.

Building off the decades of research demonstrating mutagenicity, DNA damage, and
endpoints related to genotoxicity due to whole PM exposures, recent experimental and
epidemiologic studies focusing specifically on PMa.s provide evidence of a relationship between
long-term PM2.s exposure and cancer. Epidemiologic studies examining long-term PMa.s
exposure and lung cancer incidence and mortality provide evidence of generally positive
associations in cohort studies spanning different populations, locations, and exposure assignment
techniques. Additionally, there is evidence of positive associations in analyses limited to never

smokers. The epidemiologic evidence is supported by both experimental and epidemiologic
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evidence of genotoxicity, epigenetic effects, carcinogenic potential, and that PMz.s exhibits
several characteristics of carcinogens, which collectively provides biological plausibility for
cancer development.

For the additional health effects categories evaluated for PMzs in the 2019 PM ISA,
experimental and epidemiologic studies provide limited and/or inconsistent evidence of a
relationship with PM2s exposure. As a result, the 2019 PM ISA concluded that the evidence is
“suggestive of, but not sufficient to infer a causal relationship” for short-term PMz.s exposure
and metabolic effects and nervous system effects, and long-term PMa2.s exposures and metabolic
effects as well as reproductive and developmental effects.

In addition to evaluating the health effects attributed to short- and long-term exposure to
PMa2s, the 2019 PM ISA also conducted an extensive evaluation as to whether specific
components or sources of PMa2s are more strongly related with health effects than PM2 .5 mass.
An evaluation of those studies resulted in the 2019 PM ISA concluding that “many PMas
components and sources are associated with many health effects, and the evidence does not
indicate that any one source or component is consistently more strongly related to health effects
than PM2.5 mass.”!%?

For both PMio-2.5s and UFPs, for all health effects categories evaluated, the 2019 PM ISA
concluded that the evidence was “suggestive of, but not sufficient to infer, a causal relationship”
or “inadequate to determine the presence or absence of a causal relationship.” For PMio-2s,
although a Federal Reference Method (FRM) was instituted in 2011 to measure PMio-2.5

concentrations nationally, the causality determinations reflect that the same uncertainty identified

in the 2009 PM ISA with respect to the method used to estimate PMio-2.5 concentrations in

153U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.
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epidemiologic studies persists. Specifically, across epidemiologic studies, different approaches
are used to estimate PMio-2.5 concentrations (e.g., direct measurement of PMio-2.5, difference
between PMio and PM2.s concentrations), and it remains unclear how well correlated PMio-2.5
concentrations are both spatially and temporally across the different methods used.

For UFPs, the uncertainty in the evidence for the health effect categories evaluated across
experimental and epidemiologic studies reflects the inconsistency in the exposure metric used
(i.e., particle number concentration, surface area concentration, mass concentration) as well as
the size fractions examined. In epidemiologic studies the size fraction can vary depending on the
monitor used and exposure metric, with some studies examining number count over the entire
particle size range, while experimental studies that use a particle concentrator often examine
particles up to 0.3 um. Additionally, due to the lack of a monitoring network, there is limited
information on the spatial and temporal variability of UFPs within the U.S., as well as population
exposures to UFPs, which adds uncertainty to epidemiologic study results.

The 2019 PM ISA cites extensive evidence indicating that “both the general population as
well as specific populations and life stages are at risk for PM2 s-related health effects.”!>*13° For
example, in support of its “causal” and “likely to be causal” determinations, the ISA cites
substantial evidence for (1) PM-related mortality and cardiovascular effects in older adults; (2)
PM-related cardiovascular effects in people with pre-existing cardiovascular disease; (3) PM-
related respiratory effects in people with pre-existing respiratory disease, particularly asthma
exacerbations in children; and (4) PM-related impairments in lung function growth and asthma

development in children. The ISA additionally notes that stratified analyses (i.e., analyses that

134U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

135U.S. EPA. Policy Assessment (PA) for the Review of the National Ambient Air Quality Standards for Particulate
Matter (Final Report, 2020). U.S. Environmental Protection Agency, Washington, DC, EPA/452/R-20/002, 2020.
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directly compare PM-related health effects across groups) provide strong evidence for racial and
ethnic differences in PM2.s exposures and in the risk of PMa.s-related health effects, specifically
within Hispanic and non-Hispanic Black populations. Additionally, evidence spanning
epidemiologic studies that conducted stratified analyses, experimental studies focusing on animal
models of disease or individuals with pre-existing disease, dosimetry studies, as well as studies
focusing on differential exposure suggest that populations with pre-existing cardiovascular or
respiratory disease, populations that are overweight or obese, populations that have particular
genetic variants, populations that are of low socioeconomic status, and current/former smokers
could be at increased risk for adverse PM: s-related health effects.
3. Nitrogen Oxides

The most recent review of the health effects of oxides of nitrogen completed by EPA can be
found in the 2016 Integrated Science Assessment for Oxides of Nitrogen - Health Criteria
(Oxides of Nitrogen ISA).'>® The primary source of NOz is motor vehicle emissions, and
ambient NO2 concentrations tend to be highly correlated with other traffic-related pollutants.
Thus, a key issue in characterizing the causality of NOz-health effect relationships consists of
evaluating the extent to which studies supported an effect of NO2 that is independent of other
traffic-related pollutants. EPA concluded that the findings for asthma exacerbation integrated
from epidemiologic and controlled human exposure studies provided evidence that is sufficient
to infer a causal relationship between respiratory effects and short-term NO:2 exposure. The
strongest evidence supporting an independent effect of NO2 exposure comes from controlled
human exposure studies demonstrating increased airway responsiveness in individuals with

asthma following ambient-relevant NO2 exposures. The coherence of this evidence with

156U.S. EPA. Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (2016 Final Report). U.S.
Environmental Protection Agency, Washington, DC, EPA/600/R-15/068, 2016.
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epidemiologic findings for asthma hospital admissions and ED visits as well as lung function
decrements and increased pulmonary inflammation in children with asthma describe a plausible
pathway by which NO2 exposure can cause an asthma exacerbation. The 2016 ISA for Oxides of
Nitrogen also concluded that there is likely to be a causal relationship between long-term NO2
exposure and respiratory effects. This conclusion is based on new epidemiologic evidence for
associations of NO2 with asthma development in children combined with biological plausibility
from experimental studies.

In evaluating a broader range of health effects, the 2016 ISA for Oxides of Nitrogen
concluded that evidence is “suggestive of, but not sufficient to infer, a causal relationship”
between short-term NO2 exposure and cardiovascular effects and mortality and between long-
term NO:2 exposure and cardiovascular effects and diabetes, birth outcomes, and cancer. In
addition, the scientific evidence is inadequate (insufficient consistency of epidemiologic and
toxicological evidence) to infer a causal relationship for long-term NO:z exposure with fertility,
reproduction, and pregnancy, as well as with postnatal development. A key uncertainty in
understanding the relationship between these non-respiratory health effects and short- or long-
term exposure to NOz2 is copollutant confounding, particularly by other roadway pollutants. The
available evidence for non-respiratory health effects does not adequately address whether NO»
has an independent effect or whether it primarily represents effects related to other or a mixture
of traffic-related pollutants.

The 2016 ISA for Oxides of Nitrogen concluded that people with asthma, children, and older
adults are at increased risk for NOz-related health effects. In these groups and lifestages, NOz2 is
consistently related to larger effects on outcomes related to asthma exacerbation, for which there

is confidence in the relationship with NO2 exposure.
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4. Carbon Monoxide

Information on the health effects of carbon monoxide (CO) can be found in the January 2010
Integrated Science Assessment for Carbon Monoxide (CO ISA).!>” The CO ISA presents
conclusions regarding the presence of causal relationships between CO exposure and categories
of adverse health effects.!>® This section provides a summary of the health effects associated
with exposure to ambient concentrations of CO, along with the CO ISA conclusions.'*

Controlled human exposure studies of subjects with coronary artery disease show a decrease
in the time to onset of exercise-induced angina (chest pain) and electrocardiogram changes
following CO exposure. In addition, epidemiologic studies observed associations between short-
term CO exposure and cardiovascular morbidity, particularly increased emergency room visits
and hospital admissions for coronary heart disease (including ischemic heart disease, myocardial
infarction, and angina). Some epidemiologic evidence is also available for increased hospital
admissions and emergency room visits for congestive heart failure and cardiovascular disease as
a whole. The CO ISA concludes that a causal relationship is likely to exist between short-term
exposures to CO and cardiovascular morbidity. It also concludes that available data are
inadequate to conclude that a causal relationship exists between long-term exposures to CO and

cardiovascular morbidity.

157U.S. EPA, (2010). Integrated Science Assessment for Carbon Monoxide (Final Report). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-09/019F, 2010.
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfim?deid=218686.

138 The ISA evaluates the health evidence associated with different health effects, assigning one of five “weight of
evidence” determinations: causal relationship, likely to be a causal relationship, suggestive of a causal relationship,
inadequate to infer a causal relationship, and not likely to be a causal relationship. For definitions of these levels of
evidence, please refer to Section 1.6 of the ISA.

159 personal exposure includes contributions from many sources, and in many different environments. Total personal
exposure to CO includes both ambient and non-ambient components; and both components may contribute to
adverse health effects.
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Animal studies show various neurological effects with in-utero CO exposure. Controlled
human exposure studies report central nervous system and behavioral effects following low-level
CO exposures, although the findings have not been consistent across all studies. The CO ISA
concludes that the evidence is suggestive of a causal relationship with both short- and long-term
exposure to CO and central nervous system effects.

A number of studies cited in the CO ISA have evaluated the role of CO exposure in birth
outcomes such as preterm birth or cardiac birth defects. There is limited epidemiologic evidence
of a CO-induced effect on preterm births and birth defects, with weak evidence for a decrease in
birth weight. Animal toxicological studies have found perinatal CO exposure to affect birth
weight, as well as other developmental outcomes. The CO ISA concludes that the evidence is
suggestive of a causal relationship between long-term exposures to CO and developmental
effects and birth outcomes.

Epidemiologic studies provide evidence of associations between short-term CO
concentrations and respiratory morbidity such as changes in pulmonary function, respiratory
symptoms, and hospital admissions. A limited number of epidemiologic studies considered
copollutants such as ozone, SO2, and PM in two-pollutant models and found that CO risk
estimates were generally robust, although this limited evidence makes it difficult to disentangle
effects attributed to CO itself from those of the larger complex air pollution mixture. Controlled
human exposure studies have not extensively evaluated the effect of CO on respiratory
morbidity. Animal studies at levels of 50-100 ppm CO show preliminary evidence of altered
pulmonary vascular remodeling and oxidative injury. The CO ISA concludes that the evidence

is suggestive of a causal relationship between short-term CO exposure and respiratory morbidity,
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and inadequate to conclude that a causal relationship exists between long-term exposure and
respiratory morbidity.

Finally, the CO ISA concludes that the epidemiologic evidence is suggestive of a causal
relationship between short-term concentrations of CO and mortality. Epidemiologic evidence
suggests an association exists between short-term exposure to CO and mortality, but limited
evidence is available to evaluate cause-specific mortality outcomes associated with CO exposure.
In addition, the attenuation of CO risk estimates which was often observed in copollutant models
contributes to the uncertainty as to whether CO is acting alone or as an indicator for other
combustion-related pollutants. The CO ISA also concludes that there is not likely to be a causal
relationship between relevant long-term exposures to CO and mortality.

5. Diesel Exhaust

In EPA’s 2002 Diesel Health Assessment Document (Diesel HAD), exposure to diesel
exhaust was classified as likely to be carcinogenic to humans by inhalation from environmental
exposures, in accordance with the revised draft 1996/1999 EPA cancer guidelines. %! A
number of other agencies (National Institute for Occupational Safety and Health, the
International Agency for Research on Cancer, the World Health Organization, California EPA,
and the U.S. Department of Health and Human Services) made similar hazard classifications
prior to 2002. EPA also concluded in the 2002 Diesel HAD that it was not possible to calculate a

cancer unit risk for diesel exhaust due to limitations in the exposure data for the occupational

groups or the absence of a dose-response relationship.

160J.S. EPA. (1999). Guidelines for Carcinogen Risk Assessment. Review Draft. NCEA-F-0644, July. Washington,
DC: U.S. EPA. Retrieved on March 19, 2009 from http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=54932.
161J.S. EPA (2002). Health Assessment Document for Diesel Engine Exhaust. EPA/600/8-90/057F Office of
research and Development, Washington DC. Retrieved on March 17, 2009 from
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=29060. pp. 1-1 1-2.
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In the absence of a cancer unit risk, the Diesel HAD sought to provide additional insight into
the significance of the diesel exhaust cancer hazard by estimating possible ranges of risk that
might be present in the population. An exploratory analysis was used to characterize a range of
possible lung cancer risk. The outcome was that environmental risks of cancer from long-term
diesel exhaust exposures could plausibly range from as low as 107 to as high as 10, Because of
uncertainties, the analysis acknowledged that the risks could be lower than 107, and a zero risk
from diesel exhaust exposure could not be ruled out.

Noncancer health effects of acute and chronic exposure to diesel exhaust emissions are also of
concern to EPA. EPA derived a diesel exhaust reference concentration (RfC) from consideration
of four well-conducted chronic rat inhalation studies showing adverse pulmonary effects. The
RfC is 5 pg/m? for diesel exhaust measured as diesel particulate matter. This RfC does not
consider allergenic effects such as those associated with asthma or immunologic or the potential
for cardiac effects. There was emerging evidence in 2002, discussed in the Diesel HAD, that
exposure to diesel exhaust can exacerbate these effects, but the exposure-response data were
lacking at that time to derive an RfC based on these then-emerging considerations. The Diesel
HAD states, “With [diesel particulate matter]| being a ubiquitous component of ambient PM,
there is an uncertainty about the adequacy of the existing [diesel exhaust] noncancer database to
identify all of the pertinent [diesel exhaust]-caused noncancer health hazards.” The Diesel HAD
also notes “that acute exposure to [diesel exhaust] has been associated with irritation of the eye,
nose, and throat, respiratory symptoms (cough and phlegm), and neurophysiological symptoms
such as headache, lightheadedness, nausea, vomiting, and numbness or tingling of the
extremities.” The Diesel HAD notes that the cancer and noncancer hazard conclusions applied

to the general use of diesel engines then on the market and as cleaner engines replace a
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substantial number of existing ones, the applicability of the conclusions would need to be
reevaluated.

It is important to note that the Diesel HAD also briefly summarizes health effects associated
with ambient PM and discusses EPA’s then-annual PM2.s NAAQS of 15 ug/m?. In 2012, EPA
revised the annual PM2.s NAAQS to 12 pg/m? and then retained that standard in 2020, as of June
10, 2021 EPA is reconsidering the PM2.s NAAQS.!* There is a large and extensive body of
human data showing a wide spectrum of adverse health effects associated with exposure to
ambient PM, of which diesel exhaust is an important component. The PMa2.s NAAQS is
designed to provide protection from the noncancer health effects and premature mortality
attributed to exposure to PMa.s. The contribution of diesel PM to total ambient PM varies in
different regions of the country and also, within a region, from one area to another. The
contribution can be high in near-roadway environments, for example, or in other locations where
diesel engine use is concentrated.

Since 2002, several new studies have been published which continue to report increased lung
cancer risk associated with occupational exposure to diesel exhaust from older engines. Of
particular note since 2011 are three new epidemiology studies which have examined lung cancer
in occupational populations, for example, truck drivers, underground nonmetal miners and other
diesel motor-related occupations. These studies reported increased risk of lung cancer with

exposure to diesel exhaust with evidence of positive exposure-response relationships to varying

192 https://www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naags-pm.
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degrees. 3164165 These newer studies (along with others that have appeared in the scientific
literature) add to the evidence EPA evaluated in the 2002 Diesel HAD and further reinforce the
concern that diesel exhaust exposure likely poses a lung cancer hazard. The findings from these
newer studies do not necessarily apply to newer technology diesel engines (i.e., heavy-duty
highway engines from 2007 and later model years) since the newer engines have large reductions
in the emission constituents compared to older technology diesel engines.

In light of the growing body of scientific literature evaluating the health effects of exposure to
diesel exhaust, in June 2012 the World Health Organization’s International Agency for Research
on Cancer (IARC), a recognized international authority on the carcinogenic potential of
chemicals and other agents, evaluated the full range of cancer-related health effects data for
diesel engine exhaust. IARC concluded that diesel exhaust should be regarded as “carcinogenic
to humans.” !¢ This designation was an update from its 1988 evaluation that considered the
evidence to be indicative of a “probable human carcinogen.”

6. Air Toxics

Heavy-duty engine emissions contribute to ambient levels of air toxics that are known or

suspected human or animal carcinogens, or that have noncancer health effects. These

compounds include, but are not limited to, benzene, formaldehyde, acetaldehyde, and

163 Garshick, Eric, Francine Laden, Jaime E. Hart, Mary E. Davis, Ellen A. Eisen, and Thomas J. Smith. 2012. Lung
cancer and elemental carbon exposure in trucking industry workers. Environmental Health Perspectives 120(9):
1301-1306.

164 Sjlverman, D. T., Samanic, C. M., Lubin, J. H., Blair, A. E., Stewart, P. A., Vermeulen, R., & Attfield, M. D.
(2012). The diesel exhaust in miners study: a nested case—control study of lung cancer and diesel exhaust. Journal of
the National Cancer Institute.

165Olsson, Ann C., et al. "Exposure to diesel motor exhaust and lung cancer risk in a pooled analysis from case-
control studies in Europe and Canada." American journal of respiratory and critical care medicine 183.7 (2011):
941-948.

166TARC [International Agency for Research on Cancer]. (2013). Diesel and gasoline engine exhausts and some
nitroarenes. IARC Monographs Volume 105. [Online at
http://monographs.iarc.fr/ENG/Monographs/voll05/index.php].
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naphthalene. These compounds were identified as national or regional risk drivers or
contributors in the 2014 National-scale Air Toxics Assessment and have significant inventory
contributions from mobile sources.'”:1 Chapter 4 of the draft RIA includes additional
information on the health effects associated with exposure to each of these pollutants.

7. Exposure and Health Effects Associated with Traffic

Locations in close proximity to major roadways generally have elevated concentrations of
many air pollutants emitted from motor vehicles. Hundreds of such studies have been published
in peer-reviewed journals, concluding that concentrations of CO, CO2, NO, NOz2, benzene,
aldehydes, particulate matter, black carbon, and many other compounds are elevated in ambient
air within approximately 300-600 meters (about 1,000-2,000 feet) of major roadways. The
highest concentrations of most pollutants emitted directly by motor vehicles are found at
locations within 50 meters (about 165 feet) of the edge of a roadway’s traffic lanes.

A large-scale review of air quality measurements in the vicinity of major roadways between
1978 and 2008 concluded that the pollutants with the steepest concentration gradients in
vicinities of roadways were CO, ultrafine particles, metals, elemental carbon (EC), NO, NOx,
and several VOCs.'® These pollutants showed a large reduction in concentrations within 100
meters downwind of the roadway. Pollutants that showed more gradual reductions with distance
from roadways included benzene, NO2, PM2.5, and PMio. In the review article, results varied
based on the method of statistical analysis used to determine the gradient in concentration. More

recent studies continue to show significant concentration gradients of traffic-related air pollution

167 U.S. EPA (2018) Technical Support Document EPA’s 2014 National Air Toxics Assessment.
https://'www.epa.gov/national-air-toxics-assessment/2014-nata-assessment-results.

168 J.S. EPA (2018) 2014 NATA Summary of Results. https://www.epa.gov/sites/production/files/2020-
07/documents/nata_2014_summary_of results.pdf.

19 Karner, A.A.; Eisinger, D.S.; Niemeier, D.A. (2010). Near-roadway air quality: synthesizing the findings from
real-world data. Environ Sci Technol 44: 5334-5344.
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around major roads. 7071172173174 175,176,177 There is evidence that EPA’s regulations for
vehicles have lowered the near-road concentrations and gradients.!”® Starting in 2010, EPA
required through the NAAQS process that air quality monitors be placed near high-traffic
roadways for determining concentrations of CO, NOz, and PM2 s (in addition to those existing
monitors located in neighborhoods and other locations farther away from pollution sources). The
monitoring data for NOz2 indicate that in urban areas, monitors near roadways often report the
highest concentrations of NOx.

For pollutants with relatively high background concentrations relative to near-road
concentrations, detecting concentration gradients can be difficult. For example, many aldehydes

have high background concentrations as a result of photochemical breakdown of precursors from

170 McDonald, B.C.; McBride, Z.C.; Martin, E.-W.; Harley, R.A. (2014) High-resolution mapping of motor vehicle
carbon dioxide emissions. J. Geophys. Res.Atmos.,119, 5283-5298, doi:10.1002/2013JD021219.

17l Kimbrough, S.; Baldauf, R.W.; Hagler, G.S.W.; Shores, R.C.; Mitchell, W.; Whitaker, D.A.; Croghan, C.W_;
Vallero, D.A. (2013) Long-term continuous measurement of near-road air pollution in Las Vegas: seasonal
variability in traffic emissions impact on air quality. Air Qual Atmos Health 6: 295-305. DOI 10.1007/s11869-
012-0171-x

172 Kimbrough, S.; Palma, T.; Baldauf, R.W. (2014) Analysis of mobile source air toxics (MSATs)—Near-road
VOC and carbonyl concentrations. Journal of the Air &Waste Management Association, 64:3, 349-359, DOI:
10.1080/10962247.2013.863814

173 Kimbrough, S.; Owen, R.C.; Snyder, M.; Richmond-Bryant, J. (2017) NO to NO, Conversion Rate Analysis and
Implications for Dispersion Model Chemistry Methods using Las Vegas, Nevada Near-Road Field Measurements.
Atmos Environ 165: 23-24.

174 Hilker, N.; Wang, J.W.; Jong, C-H.; Healy, R.M.; Sofowote, U.; Debosz, J.; Su, Y.; Noble, M.; Munoz, A.;
Doerkson, G.; White, L.; Audette, C.; Herod, D.; Brook, J.R.; Evans, G.J. (2019) Traffic-related air pollution near
roadways: discerning local impacts from background. Atmos. Meas. Tech., 12, 5247-5261.
https://doi.org/10.5194/amt-12-5247-2019.

175 Grivas, G.; Stavroulas, 1.; Liakakou, E.; Kaskaoutis, D.G.; Bougiatioti, A.; Paraskevopoulou, D.; Gerasopoulos,
E.; Mihalopoulos, N. (2019) Measuring the spatial variability of black carbon in Athens during wintertime. Air
Quality, Atmosphere & Health (2019) 12:1405-1417. https://doi.org/10.1007/s11869-019-00756-y.

176 Apte, J.S.; Messier, K.P.; Gani, S.; Brauer, M.; Kirchstetter, T.W.; Lunden, M.M.; Marshall, J.D.; Portier, C.J.;
Vermeulen, R.C.H.; Hamburg, S.P. (2017) High-Resolution Air Pollution Mapping with Google Street View Cars:
Exploiting Big Data. Environ Sci Technol 51: 6999-7008. https://doi.org/10.1021/acs.est.7b00891.

177 Dabek-Zlotorzynska, E.; Celo, V.; Ding, L.; Herod, D.; Jeong, C-H.; Evans, G.; Hilker, N. (2019) Characteristics
and sources of PM> 5 and reactive gases near roadways in two metropolitan areas in Canada. Atmos Environ 218:
116980. https://doi.org/10.1016/j.atmosenv.2019.116980.

178 Sarnat, J.A.; Russell, A.; Liang, D.; Moutinho, J.L; Golan, R.; Weber, R.; Gao, D.; Sarnat, S.; Chang, H.H_;
Greenwald, R.; Yu, T. (2018) Developing Multipollutant Exposure Indicators of Traffic Pollution: The Dorm Room
Inhalation to Vehicle Emissions (DRIVE) Study. Health Effects Institute Research Report Number 196. [Online at:
https://www.healtheffects.org/publication/developing-multipollutant-exposure-indicators-traffic-pollution-dorm-
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many different organic compounds. However, several studies have measured aldehydes in
multiple weather conditions and found higher concentrations of many carbonyls downwind of
roadways.!71% These findings suggest a substantial roadway source of these carbonyls.

In the past 20 years, many studies have been published with results reporting that populations
who live, work, or go to school near high-traffic roadways experience higher rates of numerous
adverse health effects, compared to populations far away from major roads.'®! In addition,
numerous studies have found adverse health effects associated with spending time in traffic, such
as commuting or walking along high-traffic roadways. '8%18%.134.185 The health outcomes with the
strongest evidence linking them with traffic-associated air pollutants are respiratory effects,
particularly in asthmatic children, and cardiovascular effects. ANPR commenters stress the
importance of consideration of the impacts of traffic-related air pollution on children's health.

Numerous reviews of this body of health literature have been published as well. In 2010, an
expert panel of the Health Effects Institute (HEI) published a review of hundreds of exposure,

epidemiology, and toxicology studies.'®® The panel rated how the evidence for each type of

179 Liu, W.; Zhang, J.; Kwon, 1.1; et 1. (2006). Concentrations and source characteristics of airborne carbonyl
compounds measured outside urban residences. J Air Waste Manage Assoc 56: 1196-1204.

180 Cahill, T.M.; Charles, M.J.; Seaman, V.Y. (2010). Development and application of a sensitive method to
determine concentrations of acrolein and other carbonyls in ambient air. Health Effects Institute Research Report
149. Available at https://'www.healtheffects.org/system/files/Cahill149.pdf.

181 In the widely-used PubMed database of health publications, between January 1, 1990 and August 18, 2011, 605
publications contained the keywords “traffic, pollution, epidemiology,” with approximately half the studies
published after 2007.

182 Laden, F.; Hart, J.E.; Smith, T.J.; Davis, M.E.; Garshick, E. (2007) Cause-specific mortality in the unionized
U.S. trucking industry. Environmental Health Perspect 115:1192-1196.

183 Peters, A.; von Klot, S.; Heier, M.; Trentinaglia, I.; Hormann, A.; Wichmann, H.E.; Lowel, H. (2004) Exposure
to traffic and the onset of myocardial infarction. New England J Med 351: 1721-1730.

184 Zanobetti, A.; Stone, P.H.; Spelzer, F.E.; Schwartz, J.D.; Coull, B.A.; Suh, H.H.; Nearling, B.D.; Mittleman,
M.A.; Verrier, R.L.; Gold, D.R. (2009) T-wave alternans, air pollution and traffic in high-risk subjects. AmJ
Cardiol 104: 665-670.

185 Adar, S.; Adamkiewicz, G.; Gold, D.R.; Schwartz, J.; Coull, B.A.; Suh, H. (2007) Ambient and
microenvironmental particles and exhaled nitric oxide before and after a group bus trip. Environ Health Perspect
115:507-512.
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pollution: a critical review of the literature on emissions, exposure, and health effects. HEI Special Report 17.
Available at http.//www.healtheffects.org.
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health outcome supported a conclusion of a causal association with traffic-associated air

99 ¢

pollution as either “sufficient,” “suggestive but not sufficient,” or “inadequate and insufficient.”
The panel categorized evidence of a causal association for exacerbation of childhood asthma as
“sufficient.” The panel categorized evidence of a causal association for new onset asthma as
between “sufficient” and “suggestive but not sufficient.” “Suggestive of a causal association”
was how the panel categorized evidence linking traffic-associated air pollutants with
exacerbation of adult respiratory symptoms and lung function decrement. It categorized as
“inadequate and insufficient” evidence of a causal relationship between traffic-related air
pollution and health care utilization for respiratory problems, new onset adult asthma, chronic
obstructive pulmonary disease (COPD), non-asthmatic respiratory allergy, and cancer in adults
and children. Currently, HEI is conducting another expert review of health studies associated
with traffic-related air pollution published after the studies included in their 2010 review.'¥’
Other literature reviews have been published with conclusions generally similar to the 2010 HEI
panel’s. 188:18%190.91 However, in 2014, researchers from the U.S. Centers for Disease Control
and Prevention (CDC) published a systematic review and meta-analysis of studies evaluating the

risk of childhood leukemia associated with traffic exposure and reported positive associations

between “postnatal” proximity to traffic and leukemia risks, but no such association for

137 Health Effects Institute. (2019) Protocol for a Systematic Review and Meta—Analysis of Selected Health Effects
of Long—Term Exposure to Traffic—Related Air Pollution. PROSPERO 2019 CRD42019150642 Available from:
https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42019150642.

188 Boothe, V.L.; Shendell, D.G. (2008). Potential health effects associated with residential proximity to freeways
and primary roads: review of scientific literature, 1999-2006. J Environ Health 70: 33-41.

139 Salam, M.T.; Islam, T.; Gilliland, F.D. (2008). Recent evidence for adverse effects of residential proximity to
traffic sources on asthma. Curr Opin Pulm Med 14: 3-8.

190 Qun, X.; Zhang, S.; Ma, X. (2014) No association between traffic density and risk of childhood leukemia: a
meta-analysis. Asia Pac J Cancer Prev 15: 5229-5232.

191 Raaschou-Nielsen, O.; Reynolds, P. (2006). Air pollution and childhood cancer: a review of the epidemiological
literature. Int J Cancer 118: 2920-9.
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“prenatal” exposures.'®> The U.S. Department of Health and Human Services’ National
Toxicology Program (NTP) recently published a monograph including a systematic review of
traffic-related air pollution (TRAP) and its impacts on hypertensive disorders of pregnancy.
NTP concluded that exposure to TRAP is "presumed to be a hazard to pregnant women" for
developing hypertensive disorders of pregnancy.'*?

Health outcomes with few publications suggest the possibility of other effects still lacking
sufficient evidence to draw definitive conclusions. Among these outcomes with a small number
of positive studies are neurological impacts (e.g., autism and reduced cognitive function) and
reproductive outcomes (e.g., preterm birth, low birth weight),!%4195:196.197

In addition to health outcomes, particularly cardiopulmonary effects, conclusions of numerous
studies suggest mechanisms by which traffic-related air pollution affects health. Numerous
studies indicate that near-roadway exposures may increase systemic inflammation, affecting

organ systems, including blood vessels and lungs.'9%:19%:200.201 T ono_term exposures in near-road

192 Boothe, VL.; Boehmer, T.K.; Wendel, A.M.; Yip, F.Y. (2014) Residential traffic exposure and childhood
leukemia: a systematic review and meta-analysis. Am J Prev Med 46: 413-422.

193 National Toxicology Program (2019) NTP Monograph n the Systematic Review of Traffic-related Air Pollution
and Hypertensive Disorders of Pregnancy. NTP Monograph 7.
https://nip.niehs.nih.gov/nip/ohat/trap/mgraph/trap_final 508.pdf.

194 Volk, H.E.; Hertz-Picciotto, I.; Delwiche, L.; et al. (2011). Residential proximity to freeways and autism in the
CHARGE study. Environ Health Perspect 119: 873-877.

195 Franco-Suglia, S.; Gryparis, A.; Wright, R.O.; et al. (2007). Association of black carbon with cognition among
children in a prospective birth cohort study. Am J Epidemiol. doi: 10.1093/aje/kwm308. [Online at
http://dx.doi.org].

196 power, M.C.; Weisskopf, M.G.; Alexeef, S.E.; et al. (2011). Traffic-related air pollution and cognitive function in
a cohort of older men. Environ Health Perspect 2011: 682-687.

197 W, J.; Wilhelm, M.; Chung, J.; et al. (2011). Comparing exposure assessment methods for traffic-related air
pollution in and adverse pregnancy outcome study. Environ Res 111: 685-6692.

198 Riediker, M. (2007). Cardiovascular effects of fine particulate matter components in highway patrol officers.
Inhal Toxicol 19: 99-105. doi: 10.1080/08958370701495238

199 Alexeef, S.E.; Coull, B.A.; Gryparis, A.; et al. (2011). Medium-term exposure to traffic-related air pollution and
markers of inflammation and endothelial function. Environ Health Perspect 119: 481-486.
doi:10.1289/ehp.1002560

200 Eckel. S.P.; Berhane, K.; Salam, M.T.; et al. (2011). Residential Traffic-related pollution exposure and exhaled
nitric oxide in the Children’s Health Study. Environ Health Perspect. doi:10.1289/¢hp.1103516.

201 Zhang, J.; McCreanor, J.E.; Cullinan, P.; et al. (2009). Health effects of real-world exposure diesel exhaust in
persons with asthma. Res Rep Health Effects Inst 138. [Online at http.//www.healtheffects.org].
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environments have been associated with inflammation-associated conditions, such as
atherosclerosis and asthma,20%-203.204

Several studies suggest that some factors may increase susceptibility to the effects of traffic-
associated air pollution. Several studies have found stronger respiratory associations in children
experiencing chronic social stress, such as in violent neighborhoods or in homes with high
family stress.20%-206.207

The risks associated with residence, workplace, or schools near major roads are of potentially
high public health significance due to the large population in such locations. Every two years
from 1997 to 2009 and in 2011, the U.S. Census Bureau’s American Housing Survey (AHS)
conducted a survey that includes whether housing units are within 300 feet of an “airport,
railroad, or highway with four or more lanes.”?°® The 2013 AHS was the last AHS that included
that question. The 2013 survey reports that 17.3 million housing units, or 13 percent of all
housing units in the U.S., were in such areas. Assuming that populations and housing units are
in the same locations, this corresponds to a population of more than 41 million U.S. residents in

close proximity to high-traffic roadways or other transportation sources. According to the

Central Intelligence Agency’s World Factbook, based on data collected between 2012-2014, the

202 Adar, S.D.; Klein, R.; Klein, E.K_; et al. (2010). Air pollution and the microvasculature: a cross-sectional
assessment of in vivo retinal images in the population-based Multi-Ethnic Study of Atherosclerosis. PLoS Med
7(11): E1000372. doi:10.1371/journal.pmed.1000372. Available at Attp://dx.doi.org.

203 Kan, H.; Heiss, G.; Rose, K.M.; et al. (2008). Prospective analysis of traffic exposure as a risk factor for incident
coronary heart disease: The Atherosclerosis Risk in Communities (ARIC) study. Environ Health Perspect 116:
1463-1468. doi:10.1289/ehp.11290. Available at http://dx.doi.org.

204 McConnell, R.; Islam, T.; Shankardass, K.; et al. (2010). Childhood incident asthma and traffic-related air
pollution at home and school. Environ Health Perspect 1021-1026.

205 Islam, T.; Urban, R.; Gauderman, W.J.; et al. (2011). Parental stress increases the detrimental effect of traffic
exposure on children’s lung function. Am J Respir Crit Care Med.

206 Clougherty, J.E.; Levy, J.1.; Kubzansky, L.D.; et al. (2007). Synergistic effects of traffic-related air pollution and
exposure to violence on urban asthma etiology. Environ Health Perspect 115: 1140-1146.

207 Chen, E.; Schrier, H.M.; Strunk, R.C.; et al. (2008). Chronic traffic-related air pollution and stress interact to
predict biologic and clinical outcomes in asthma. Environ Health Perspect 116: 970-5.

208 The variable was known as "ETRANS" in the questions about the neighborhood.
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United States had 6,586,610 km of roadways, 293,564 km of railways, and 13,513 airports. As
such, highways represent the overwhelming majority of transportation facilities described by this
factor in the AHS.

EPA also conducted a recent study to estimate the number of people living near truck freight
routes in the United States.?”” Based on a population analysis using the U.S. Department of
Transportation’s (USDOT) Freight Analysis Framework 4 (FAF4) and population data from the
2010 decennial census, an estimated 72 million people live within 200 meters of these freight
routes.?! In addition, relative to the rest of the population, people of color and those with lower
incomes are more likely to live near FAF4 truck routes. They are also more likely to live in
metropolitan areas. Past work has also shown that, on average, Americans spend more than an
hour traveling each day, bringing nearly all residents into a high-exposure microenvironment for
part of the day.?!!

8. Environmental Justice

Executive Order 12898 (59 FR 7629, February 16, 1994) establishes federal executive policy
on environmental justice. It directs federal agencies, to the greatest extent practicable and
permitted by law, to make achieving environmental justice part of their mission by identifying
and addressing, as appropriate, disproportionately high and adverse human health or

environmental effects of their programs, policies, and activities on minority populations and low-

209U.S. EPA (2021). Estimation of Population Size and Demographic Characteristics among People Living Near
Truck Routes in the Conterminous United States. Memorandum to the Docket.

210 FAF4 is a model from the USDOT's Bureau of Transportation Statistics (BTS) and Federal Highway
Administration (FHWA), which provides data associated with freight movement in the U.S. It includes data from
the 2012 Commodity Flow Survey (CFS), the Census Bureau on international trade, as well as data associated with
construction, agriculture, utilities, warehouses, and other industries. FAF4 estimates the modal choices for moving
goods by trucks, trains, boats, and other types of freight modes. It includes traffic assignments, including truck
flows on a network of truck routes. https.://ops.fhwa.dot.gov/freight/freight analysis/faf/.

2T EPA. (2011) Exposure Factors Handbook: 2011 Edition. Chapter 16. [Online at
https://www.epa.gov/sites/production/files/2015-09/documents/efh-chapter16.pdyf.
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income populations in the United States. EPA defines environmental justice as the fair treatment
and meaningful involvement of all people regardless of race, color, national origin, or income
with respect to the development, implementation, and enforcement of environmental laws,
regulations, and policies.?!?

Executive Order 14008 (86 FR 7619, February 1, 2021) also calls on federal agencies to make
achieving environmental justice part of their respective missions “by developing programs,
policies, and activities to address the disproportionately high and adverse human health,
environmental, climate-related and other cumulative impacts on disadvantaged communities, as
well as the accompanying economic challenges of such impacts.” It declares a policy “to secure
environmental justice and spur economic opportunity for disadvantaged communities that have
been historically marginalized and overburdened by pollution and under-investment in housing,
transportation, water and wastewater infrastructure and health care.”

Under Executive Order 13563 (76 FR 3821, January 18, 2011), federal agencies may consider
equity, human dignity, fairness, and distributional considerations in their regulatory analyses,
where appropriate and permitted by law.

EPA's 2016 “Technical Guidance for Assessing Environmental Justice in Regulatory

Analysis” provides recommendations on conducting the highest quality analysis feasible,

212 Fair treatment means that “no group of people should bear a disproportionate burden of environmental harms and
risks, including those resulting from the negative environmental consequences of industrial, governmental and
commercial operations or programs and policies.” Meaningful involvement occurs when “1) potentially affected
populations have an appropriate opportunity to participate in decisions about a proposed activity [e.g., rulemaking]
that will affect their environment and/or health; 2) the public’s contribution can influence [the EPA’s rulemaking]
decision; 3) the concerns of all participants involved will be considered in the decision-making process; and 4) [the
EPA will] seek out and facilitate the involvement of those potentially affected.” A potential EJ concern is defined as
“the actual or potential lack of fair treatment or meaningful involvement of minority populations, low-income
populations, tribes, and indigenous peoples in the development, implementation and enforcement of environmental
laws, regulations and policies.” See “Guidance on Considering Environmental Justice During the Development of a
Regulatory Action.” Environmental Protection Agency, https://www.epa.gov/environmentaljustice/guidance-
considering-environmental-justice-during-development-action. See also https://www.epa.gov/environmentaljustice.
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recognizing that data limitations, time and resource constraints, and analytic challenges will vary
by media and regulatory context.?!> When assessing the potential for disproportionately high and
adverse health or environmental impacts of regulatory actions on minority populations, low-
income populations, Tribes, and/or indigenous peoples, the EPA strives to answer three broad
questions: (1) Is there evidence of potential environmental justice (EJ) concerns in the baseline
(the state of the world absent the regulatory action)? Assessing the baseline will allow the EPA
to determine whether pre-existing disparities are associated with the pollutant(s) under
consideration (e.g., if the effects of the pollutant(s) are more concentrated in some population
groups). (2) Is there evidence of potential EJ concerns for the regulatory option(s) under
consideration? Specifically, how are the pollutant(s) and its effects distributed for the regulatory
options under consideration? And, (3) do the regulatory option(s) under consideration exacerbate
or mitigate EJ concerns relative to the baseline? It is not always possible to quantitatively assess
these questions.

EPA’s 2016 Technical Guidance does not prescribe or recommend a specific approach or
methodology for conducting an environmental justice analysis, though a key consideration is
consistency with the assumptions underlying other parts of the regulatory analysis when
evaluating the baseline and regulatory options. Where applicable and practicable, the Agency
endeavors to conduct such an analysis. EPA is committed to conducting environmental justice
analysis for rulemakings based on a framework similar to what is outlined in EPA’s Technical
Guidance, in addition to investigating ways to further weave environmental justice into the fabric

of the rulemaking process.

213 “Technical Guidance for Assessing Environmental Justice in Regulatory Analysis.” Epa.gov, Environmental
Protection Agency, https://www.epa.gov/sites/production/files/2016-06/documents/ejtg 5 6 16 _v5.1.pdf. (June
2016).
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EPA seeks to ensure that no group of people faces a disproportionate burden of exposure to
mobile-source pollution. In general, we expect reduced tailpipe emissions of NOx from heavy-
duty diesel engines and reduced tailpipe emissions of NOx, CO, PM, and VOCs from heavy-duty
gasoline engines. See Section VI.B for more detail on the emissions reductions from this
proposal.

There is evidence that communities with EJ concerns are disproportionately impacted by the
emissions associated with this proposal.?!* Numerous studies have found that environmental
hazards such as air pollution are more prevalent in areas where people of color and low-income
populations represent a higher fraction of the population compared with the general
population.?!>-216217 Consistent with this evidence, a recent study found that most anthropogenic
sources of PM2 s, including industrial sources and light- and heavy-duty vehicle sources,
disproportionately affect people of color.?!® In addition, compared to non-Hispanic Whites, some
minorities experience greater levels of health problems during some life stages. For example, in
2017-2019, about 14 percent of Black, non-Hispanic and 8 percent of Hispanic children were
estimated to currently have asthma, compared with 6 percent of White, non-Hispanic children.?"’

As discussed in Section I1.B.7 of this document, concentrations of many air pollutants are
elevated near high-traffic roadways. In addition, numerous state and local commenters on the

ANPR noted that truck trips frequently start and end around goods movement facilities including

214 Mohai, P.; Pellow, D.; Roberts Timmons, J. (2009) Environmental justice. Annual Reviews 34: 405-430.
https://doi.org/10.1146/annurev-environ-082508-094348.

215 Rowangould, G.M. (2013) A census of the near-roadway population: public health and environmental justice
considerations. Trans Res D 25: 59-67. http.//dx.doi.org/10.1016/j.trd.2013.08.003.

216 Marshall, J.D., Swor, K.R.; Nguyen, N.P (2014) Prioritizing environmental justice and equality: diesel emissions
in Southern California. Environ Sci Technol 48: 4063-4068. https://doi.org/10.1021/es405167f.

217 Marshall, J.D. (2008) Environmental inequality: air pollution exposures in California’s South Coast Air Basin.
Atmos Environ 21: 5499-5503. https://doi.org/10.1016/j.atmosenv.2008.02.005.

218 C. W. Tessum, D. A. Paolella, S. E. Chambliss, J. S. Apte, J. D. Hill, J. D. Marshall, PM, s polluters
disproportionately and systemically affect people of color in the United States. Sci. Adv. 7, eabf4491 (2021).

219 http.//www.cde.gov/asthma/most_recent data.htm.
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marine ports and warehouses, making consideration of truck emissions an important element of
addressing air quality experienced by populations living near those facilities.??

We conducted an analysis of the populations living in close proximity to truck freight routes
as identified in USDOT’s Freight Analysis Framework 4 (FAF4).22! FAF4 is a model from the
USDOT’s Bureau of Transportation Statistics (BTS) and Federal Highway Administration
(FHWA), which provides data associated with freight movement in the U.S.??? Relative to the
rest of the population, people living near FAF4 truck routes are more likely to be people of color
and have lower incomes than the general population. People living near FAF4 truck routes are
also more likely to live in metropolitan areas. Even controlling for region of the country, county
characteristics, population density, and household structure, race, ethnicity, and income are
significant determinants of whether someone lives near a FAF4 truck route.

We also reviewed existing scholarly literature examining the potential for disproportionate
exposure among people of color and people with low socioeconomic status (SES), and we
conducted our own evaluation of two national datasets: the U.S. Census Bureau’s American
Housing Survey for calendar year 2009 and the U.S. Department of Education’s database of
school locations. Numerous studies evaluating the demographics and socioeconomic status of
populations or schools near roadways have found that they include a greater percentage of

residents of color, as well as lower SES populations (as indicated by variables such as median

household income). Locations in these studies include Los Angeles, CA; Seattle, WA; Wayne

220 New York State Department of Environmental Conservation (2019) Albany South End Community Air Quality
Study. Division of Air Resources. [Online at Attps://www.dec.ny.gov/chemical/l108978.html]

221 U.S. EPA (2021). Estimation of Population Size and Demographic Characteristics among People Living Near
Truck Routes in the Conterminous United States. Memorandum to the Docket.

222 FAF4 includes data from the 2012 Commodity Flow Survey (CFS), the Census Bureau on international trade, as
well as data associated with construction, agriculture, utilities, warchouses, and other industries. FAF4 estimates the
modal choices for moving goods by trucks, trains, boats, and other types of freight modes. It includes traffic
assignments, including truck flows on a network of truck routes.

https://ops.fhwa.dot.gov/freight/freight _analysis/faf/.
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County, MI; Orange County, FL; and the State of California.??3224:225:226.227.228 gy,ch disparities
may be due to multiple factors.??’

People with low SES often live in neighborhoods with multiple stressors and health risk
factors, including reduced health insurance coverage rates, higher smoking and drug use rates,
limited access to fresh food, visible neighborhood violence, and elevated rates of obesity and
some diseases such as asthma, diabetes, and ischemic heart disease. Although questions remain,
several studies find stronger associations between air pollution and health in locations with such
chronic neighborhood stress, suggesting that populations in these areas may be more susceptible

to the effects of air pollution,230:231,232.233

223 Marshall, J.D. (2008) Environmental inequality: air pollution exposures in California’s South Coast Air Basin.
224 Su, J.G.; Larson, T.; Gould, T.; Cohen, M.; Buzzelli, M. (2010) Transboundary air pollution and environmental
justice: Vancouver and Seattle compared. GeoJournal 57: 595-608. doi:10.1007/s10708-009-9269-6

225 Chakraborty, J.; Zandbergen, P.A. (2007) Children at risk: measuring racial/ethnic disparities in potential
exposure to air pollution at school and home. J Epidemiol Community Health 61: 1074-1079.
doi:10.1136/jech.2006.054130

226 Green, R.S.; Smorodinsky, S.; Kim, J.J.; McLaughlin, R.; Ostro, B. (20042004) Proximity of California public
schools to busy roads. Environ Health Perspect 112: 61-66. doi:10.1289/ehp.6566

227 Wu, Y; Batterman, S.A. (2006) Proximity of schools in Detroit, Michigan to automobile and truck traffic. J
Exposure Sci & Environ Epidemiol. doi:10.1038/sj.jes.7500484

228 Qu, J.G.; Jerrett, M.; de Nazelle, A.; Wolch, J. (2011) Does exposure to air pollution in urban parks have
socioeconomic, racial, or ethnic gradients? Environ Res 111: 319-328.

229 Depro, B.; Timmins, C. (2008) Mobility and environmental equity: do housing choices determine exposure to air
pollution? Duke University Working Paper.

230 Clougherty, J.E.; Kubzansky, L.D. (2009) A framework for examining social stress and susceptibility to air
pollution in respiratory health. Environ Health Perspect 117: 1351-1358. Doi:10.1289/ehp.0900612

21 Clougherty, J.E.; Levy, J.1.; Kubzansky, L.D.; Ryan, P.B.; Franco Suglia, S.; Jacobson Canner, M.; Wright, R.J.
(2007) Synergistic effects of traffic-related air pollution and exposure to violence on urban asthma etiology.
Environ Health Perspect 115: 1140-1146. doi:10.1289/ehp.9863

232 Finkelstein, M.M.; Jerrett, M..; DeLuca, P.; Finkelstein, N.; Verma, D.K.; Chapman, K.; Sears, M.R. (2003)
Relation between income, air pollution and mortality: a cohort study. Canadian Med Assn J 169: 397-402.

233 Shankardass, K.; McConnell, R.; Jerrett, M.; Milam, J.; Richardson, J.; Berhane, K. (2009) Parental stress
increases the effect of traffic-related air pollution on childhood asthma incidence. Proc Natl Acad Sci 106: 12406-
12411. doi:10.1073/pnas.0812910106
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Several publications report nationwide analyses that compare the demographic patterns of
people who do or do not live near major roadways.34233-236.237.238.239 Three of these studies
found that people living near major roadways are more likely to be minorities or low in SES.
240.241.292 They also found that the outcomes of their analyses varied between regions within the
U.S. However, only one such study looked at whether such conclusions were confounded by
living in a location with higher population density and how demographics differ between
locations nationwide.?** In general, it found that higher density areas have higher proportions of
low-income residents and people of color. In other publications based on a city, county, or state,

the results are similar.?**%%3

234 Rowangould, G.M. (2013) A census of the U.S. near-roadway population: public health and environmental
justice considerations. Transportation Research Part D; 59-67.

235 Tian, N.; Xue, I.; Barzyk. T.M. (2013) Evaluating socioeconomic and racial differences in traffic-related metrics
in the United States using a GIS approach. J Exposure Sci Environ Epidemiol 23: 215-222.

236 CDC (2013) Residential proximity to major highways — United States, 2010. Morbidity and Mortality Weekly
Report 62(3): 46-50.

27 Clark, L.P.; Millet, D.B., Marshall, J.D. (2017) Changes in transportation-related air pollution exposures by race-
ethnicity and socioeconomic status: outdoor nitrogen dioxide in the United States in 2000 and 2010. Environ
Health Perspect https://doi.org/10.1289/EHP959.

238 Mikati, I.; Benson, A.F.; Luben, T.J.; Sacks, J.D.; Richmond-Bryant, J. (2018) Disparities in distribution of
particulate matter emission sources by race and poverty status. Am J Pub Health
https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2017.304297 ?journalCode=ajph.

239 Alotaibi, R.; Bechle, M.; Marshall, J.D.; Ramani, T.; Zietsman, J.; Nieuwenhuijsen, M.J.; Khreis, H. (2019)
Traffic related air pollution and the burden of childhood asthma in the continuous United States in 2000 and 2010.
Environ International 127: 858-867. https.//www.sciencedirect.com/science/article/pii/S0160412018325388.

240 Tian, N.; Xue, JI.; Barzyk. T.M. (2013) Evaluating socioeconomic and racial differences in traffic-related metrics
in the United States using a GIS approach. J Exposure Sci Environ Epidemiol 23: 215-222.

241 Rowangould, G.M. (2013) A census of the U.S. near-roadway population: public health and environmental
justice considerations. Transportation Research Part D; 59-67.

242 CDC (2013) Residential proximity to major highways — United States, 2010. Morbidity and Mortality Weekly
Report 62(3): 46-50.

243 Rowangould, G.M. (2013) A census of the U.S. near-roadway population: public health and environmental
justice considerations. Transportation Research Part D; 59-67.

244 Pratt, G.C.; Vadali, M.L.; Kvale, D.L.; Ellickson, K.M. (2015) Traffic, air pollution, minority, and socio-
economic status: addressing inequities in exposure and risk. Int J Environ Res Public Health 12: 5355-5372.
http://dx.doi.org/10.3390/ijerph120505355.

245 Sohrabi, S.; Zietsman, J.; Khreis, H. (2020) Burden of disease assessment of ambient air pollution and premature
mortality in urban areas: the role of socioeconomic status and transportation. Int J Env Res Public Health
doi:10.3390/ijerph17041166.
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We analyzed two national databases that allowed us to evaluate whether homes and schools
were located near a major road and whether disparities in exposure may be occurring in these
environments. The American Housing Survey (AHS) includes descriptive statistics of over
70,000 housing units across the nation. The survey is conducted every two years by the U.S.
Census Bureau.?*® The second database we analyzed was the U.S. Department of Education’s
Common Core of Data, which includes enrollment and location information for schools across
the U.S.2%

In analyzing the 2009 AHS, we focused on whether a housing unit was located within 300
feet, the distance provided in the AHS data, of a “4-or-more lane highway, railroad, or
airport.”>*® We analyzed whether there were differences between households in such locations
compared with those in locations farther from these transportation facilities.?* We included
other variables, such as land use category, region of country, and housing type. We found that
homes with a non-White householder were 22-34 percent more likely to be located within 300
feet of these large transportation facilities than homes with White householders. Homes with a
Hispanic householder were 17-33 percent more likely to be located within 300 feet of these large
transportation facilities than homes with non-Hispanic householders. Households near large
transportation facilities were, on average, lower in income and educational attainment and more
likely to be a rental property and located in an urban area compared with households more

distant from transportation facilities.

246 U.S. Department of Housing and Urban Development, & U.S. Census Bureau. (n.d.). Age of other residential
buildings within 300 feet. In American Housing Survey for the United States: 2009 (pp. A-1). Retrieved from
https://www.census.gov/programs-surveys/ahs/data/2009/ahs-2009-summary-tables0/h150-09.html.

247 http.//nces.ed.gov/ccd).

248 This variable primarily represents roadway proximity. According to the Central Intelligence Agency’s World
Factbook, in 2010, the United States had 6,506,204 km of roadways, 224,792 km of railways, and 15,079 airports.
Highways thus represent the overwhelming majority of transportation facilities described by this factor in the AHS.
24 Bailey, C. (2011) Demographic and Social Patterns in Housing Units Near Large Highways and other
Transportation Sources. Memorandum to docket.
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In examining schools near major roadways, we examined the Common Core of Data (CCD)
from the U.S. Department of Education, which includes information on all public elementary and
secondary schools and school districts nationwide.?° To determine school proximities to major
roadways, we used a geographic information system (GIS) to map each school and roadways
based on the U.S. Census’s TIGER roadway file.?>! We found that students of color were
overrepresented at schools within 200 meters of the largest roadways, and schools within 200
meters of the largest roadways had higher than expected numbers of students eligible for free or
reduced-price lunches.?>? For example, Black students represent 22 percent of students at
schools located within 200 meters of a primary road, compared to 17 percent of students in all
U.S. schools. Hispanic students represent 30 percent of students at schools located within 200
meters of a primary road, compared to 22 percent of students in all U.S. schools.

Overall, there is substantial evidence that people who live or attend school near major
roadways are more likely to be of a non-White race, Hispanic, and/or have a low SES. Although
proximity to an emissions source is an indicator of potential exposure, it is important to note that
the impacts of emissions from tailpipe sources are not limited to communities in close proximity
to these sources. For example, the effects of potential decreases in emissions from sources that
would be affected by this proposal might also be felt many miles away, including in communities
with EJ concerns. The spatial extent of these impacts depends on a range of interacting and
complex factors including the amount of pollutant emitted, atmospheric lifetime of the pollutant,

terrain, atmospheric chemistry and meteorology.

230 http.//nces.ed.gov/ced).

21 Pedde, M.; Bailey, C. (2011) Identification of Schools within 200 Meters of U.S. Primary and Secondary Roads.
Memorandum to the docket.

232 For this analysis we analyzed a 200-meter distance based on the understanding that roadways generally influence
air quality within a few hundred meters from the vicinity of heavily traveled roadways or along corridors with
significant trucking traffic. See U.S. EPA, 2014. Near Roadway Air Pollution and Health: Frequently Asked
Questions. EPA-420-F-14-044.
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We also conducted an analysis of how the air quality impacts from this proposed rule would
be distributed among different populations, specifically focusing on PMz.s and ozone
concentrations in the contiguous U.S. This analysis assessed whether areas with the worst
projected baseline air quality in 2045 have larger numbers of people of color living in them, and
if those with the worst projected air quality would benefit more from the proposed rule. We
found that in the 2045 baseline, nearly double the number of people of color live within areas
with the worst air quality, compared to non-Hispanic Whites (NH-Whites). We also found that
the largest improvements in both ozone and PM2 s are estimated to occur in these areas with the
worst baseline air quality. See Section VIL.H for additional information on the demographic
analysis.

In summary, we expect this proposed rule would result in reductions of emissions that
contribute to ozone, PMz s, and other harmful pollution. The emission reductions from this
proposed rule would result in widespread air quality improvements, including in the areas with
the worst baseline air quality, where a larger number of people of color are projected to reside.
C. Environmental Effects Associated with Exposure to Pollutants Impacted by this Proposal

This section discusses the environmental effects associated with pollutants affected by this
proposed rule, specifically particulate matter, ozone, NOx and air toxics.

1. Visibility

Visibility can be defined as the degree to which the atmosphere is transparent to visible

light.?3 Visibility impairment is caused by light scattering and absorption by suspended

particles and gases. It is dominated by contributions from suspended particles except under

253 National Research Council, (1993). Protecting Visibility in National Parks and Wilderness Areas. National
Academy of Sciences Committee on Haze in National Parks and Wilderness Areas. National Academy Press,
Washington, DC. This book can be viewed on the National Academy Press Website at
https://www.nap.edu/catalog/2097/protecting-visibility-in-national-parks-and-wilderness-areas.

142


https://www.nap.edu/catalog/2097/protecting-visibility-in-national-parks-and-wilderness-areas

pristine conditions. Visibility is important because it has direct significance to people’s
enjoyment of daily activities in all parts of the country. Individuals value good visibility for the
well-being it provides them directly, where they live and work, and in places where they enjoy
recreational opportunities. Visibility is also highly valued in significant natural areas, such as
national parks and wilderness areas, and special emphasis is given to protecting visibility in these
areas. For more information on visibility see the final 2019 PM ISA.?%*

EPA is working to address visibility impairment. Reductions in air pollution from
implementation of various programs associated with the Clean Air Act Amendments of 1990
provisions have resulted in substantial improvements in visibility and will continue to do so in
the future. Because trends in haze are closely associated with trends in particulate sulfate and
nitrate due to the relationship between their concentration and light extinction, visibility trends
have improved as emissions of SO2 and NOx have decreased over time due to air pollution
regulations such as the Acid Rain Program.?3

In the Clean Air Act Amendments of 1977, Congress recognized visibility’s value to society
by establishing a national goal to protect national parks and wilderness areas from visibility
impairment caused by manmade pollution.?>® In 1999, EPA finalized the regional haze program
to protect the visibility in Mandatory Class I Federal areas.?>’ There are 156 national parks,

forests and wilderness areas categorized as Mandatory Class I Federal areas.?®® These areas are

defined in CAA section 162 as those national parks exceeding 6,000 acres, wilderness areas and

234 U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

235 U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

236 See Section 169(a) of the Clean Air Act.

257 64 FR 35714, July 1, 1999.

238 62 FR 38680-38681, July 18, 1997.
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memorial parks exceeding 5,000 acres, and all international parks which were in existence on
August 7, 1977.

EPA has also concluded that PM2 s causes adverse effects on visibility in other areas that are
not targeted by the Regional Haze Rule, such as urban areas, depending on PM2.s concentrations
and other factors such as dry chemical composition and relative humidity (i.e., an indicator of the
water composition of the particles). EPA revised the PM2.s NAAQS in 2012, retained it in 2020,
and established a target level of protection that is expected to be met through attainment of the
existing secondary standards for PM25.2%

2. Plant and Ecosystem Effects of Ozone

The welfare effects of ozone include effects on ecosystems, which can be observed across a
variety of scales, i.e., subcellular, cellular, leaf, whole plant, population and ecosystem. Ozone
effects that begin at small spatial scales, such as the leaf of an individual plant, when they occur
at sufficient magnitudes (or to a sufficient degree) can result in effects being propagated along a
continuum to higher and higher levels of biological organization. For example, effects at the
individual plant level, such as altered rates of leaf gas exchange, growth and reproduction, can,
when widespread, result in broad changes in ecosystems, such as productivity, carbon storage,
water cycling, nutrient cycling, and community composition.

Ozone can produce both acute and chronic injury in sensitive plant species depending on the
concentration level and the duration of the exposure.?®® In those sensitive species,?®! effects

from repeated exposure to ozone throughout the growing season of the plant can tend to

259 On June 10, 2021, EPA announced that it will reconsider the previous administration’s decision to retain the PM
NAAQS. https://www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naags-pm.

260 73 FR 16486, March 27, 2008.

261 73 FR 16491, March 27, 2008. Only a small percentage of all the plant species growing within the U.S. (over
43,000 species have been catalogued in the USDA PLANTS database) have been studied with respect to ozone
sensitivity.
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accumulate, so that even relatively low concentrations experienced for a longer duration have the
potential to create chronic stress on vegetation.?>23 Ozone damage to sensitive plant species
includes impaired photosynthesis and visible injury to leaves. The impairment of
photosynthesis, the process by which the plant makes carbohydrates (its source of energy and
food), can lead to reduced crop yields, timber production, and plant productivity and growth.
Impaired photosynthesis can also lead to a reduction in root growth and carbohydrate storage
below ground, resulting in other, more subtle plant and ecosystems impacts.?** These latter
impacts include increased susceptibility of plants to insect attack, disease, harsh weather,
interspecies competition and overall decreased plant vigor. The adverse effects of ozone on
areas with sensitive species could potentially lead to species shifts and loss from the affected
ecosystems,”® resulting in a loss or reduction in associated ecosystem goods and services.
Additionally, visible ozone injury to leaves can result in a loss of aesthetic value in areas of
special scenic significance like national parks and wilderness areas and reduced use of sensitive
ornamentals in landscaping.?%® In addition to ozone effects on vegetation, newer evidence
suggests that ozone affects interactions between plants and insects by altering chemical signals
(e.g., floral scents) that plants use to communicate to other community members, such as

attraction of pollinators.

262 U.S. EPA. Integrated Science Assessment (ISA) for Ozone and Related Photochemical Oxidants (Final Report).
U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-20/012, 2020.

263 The concentration at which ozone levels overwhelm a plant’s ability to detoxify or compensate for oxidant
exposure varies. Thus, whether a plant is classified as sensitive or tolerant depends in part on the exposure levels
being considered.

264 73 FR 16492, March 27, 2008.

26573 FR 16493-16494, March 27, 2008. Ozone impacts could be occurring in areas where plant species sensitive to
ozone have not yet been studied or identified.

266 73 FR 16490-16497, March 27, 2008.
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The Ozone ISA presents more detailed information on how ozone affects vegetation and
ecosystems.?”-268 The Ozone ISA reports causal and likely causal relationships between ozone
exposure and a number of welfare effects and characterizes the weight of evidence for different
effects associated with ozone.?®® The ISA concludes that visible foliar injury effects on
vegetation, reduced vegetation growth, reduced plant reproduction, reduced productivity in
terrestrial ecosystems, reduced yield and quality of agricultural crops, alteration of below-ground
biogeochemical cycles, and altered terrestrial community composition are causally associated
with exposure to ozone. It also concludes that increased tree mortality, altered herbivore growth
and reproduction, altered plant-insect signaling, reduced carbon sequestration in terrestrial
ecosystems, and alteration of terrestrial ecosystem water cycling are likely to be causally
associated with exposure to ozone.

3. Atmospheric Deposition

The Integrated Science Assessment for Oxides of Nitrogen, Oxides of Sulfur, and Particulate
Matter - Ecological Criteria documents the ecological effects of the deposition of these criteria
air pollutants.?’® It is clear from the body of evidence that oxides of nitrogen, oxides of sulfur,
and particulate matter contribute to total nitrogen (N) and sulfur (S) deposition. In turn, N and S
deposition cause either nutrient enrichment or acidification depending on the sensitivity of the

landscape or the species in question. Both enrichment and acidification are characterized by an

267 U.S. EPA. Integrated Science Assessment (ISA) for Ozone and Related Photochemical Oxidants (Final Report).
U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-20/012, 2020.

268 U.S. EPA. Integrated Science Assessment (ISA) for Ozone and Related Photochemical Oxidants (Final Report).
U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-20/012, 2020.

269 The Ozone ISA evaluates the evidence associated with different ozone related health and welfare effects,
assigning one of five “weight of evidence” determinations: causal relationship, likely to be a causal relationship,
suggestive of a causal relationship, inadequate to infer a causal relationship, and not likely to be a causal
relationship. For more information on these levels of evidence, please refer to Table II of the ISA.

270 U.S. EPA. Integrated Science Assessment (ISA) for Oxides of Nitrogen, Oxides of Sulfur and Particulate Matter
Ecological Criteria (Final Report). U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-20/278,
2020.
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alteration of the biogeochemistry and the physiology of organisms, resulting in harmful declines
in biodiversity in terrestrial, freshwater, wetland, and estuarine ecosystems in the U.S. Decreases
in biodiversity mean that some species become relatively less abundant and may be locally
extirpated. In addition to the loss of unique living species, the decline in total biodiversity can be
harmful because biodiversity is an important determinant of the stability of ecosystems and their
ability to provide socially valuable ecosystem services.

Terrestrial, wetland, freshwater, and estuarine ecosystems in the U.S. are affected by N
enrichment/eutrophication caused by N deposition. These effects have been consistently
documented across the U.S. for hundreds of species. In aquatic systems increased nitrogen can
alter species assemblages and cause eutrophication. In terrestrial systems nitrogen loading can
lead to loss of nitrogen-sensitive lichen species, decreased biodiversity of grasslands, meadows
and other sensitive habitats, and increased potential for invasive species. For a broader
explanation of the topics treated here, refer to the description in Chapter 4 of the draft RIA.

The sensitivity of terrestrial and aquatic ecosystems to acidification from nitrogen and sulfur
deposition is predominantly governed by geology. Prolonged exposure to excess nitrogen and
sulfur deposition in sensitive areas acidifies lakes, rivers, and soils. Increased acidity in surface
waters creates inhospitable conditions for biota and affects the abundance and biodiversity of
fishes, zooplankton and macroinvertebrates and ecosystem function. Over time, acidifying
deposition also removes essential nutrients from forest soils, depleting the capacity of soils to
neutralize future acid loadings and negatively affecting forest sustainability. Major effects in
forests include a decline in sensitive tree species, such as red spruce (Picea rubens) and sugar

maple (Acer saccharum).
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Building materials including metals, stones, cements, and paints undergo natural weathering
processes from exposure to environmental elements (e.g., wind, moisture, temperature
fluctuations, sunlight, etc.). Pollution can worsen and accelerate these effects. Deposition of PM
is associated with both physical damage (materials damage effects) and impaired aesthetic
qualities (soiling effects). Wet and dry deposition of PM can physically affect materials, adding
to the effects of natural weathering processes, by potentially promoting or accelerating the
corrosion of metals, by degrading paints and by deteriorating building materials such as stone,
concrete and marble.?’! The effects of PM are exacerbated by the presence of acidic gases and
can be additive or synergistic due to the complex mixture of pollutants in the air and surface
characteristics of the material. Acidic deposition has been shown to have an effect on materials
including zinc/galvanized steel and other metal, carbonate stone (as monuments and building
facings), and surface coatings (paints).>’> The effects on historic buildings and outdoor works of
art are of particular concern because of the uniqueness and irreplaceability of many of these
objects. In addition to aesthetic and functional effects on metals, stone and glass, altered energy
efficiency of photovoltaic panels by PM deposition is also becoming an important consideration
for impacts of air pollutants on materials.

4. Environmental Effects of Air Toxics

Emissions from producing, transporting and combusting fuel contribute to ambient levels of

pollutants that contribute to adverse effects on vegetation. Volatile organic compounds (VOCs),

some of which are considered air toxics, have long been suspected to play a role in vegetation

271 U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 2019). U.S. Environmental
Protection Agency, Washington, DC, EPA/600/R-19/188, 2019.

272 Irving, P.M., e.d. 1991. Acid Deposition: State of Science and Technology, Volume III, Terrestrial, Materials,
Health, and Visibility Effects, The U.S. National Acid Precipitation Assessment Program, Chapter 24, page 24—76.
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damage.?’® In laboratory experiments, a wide range of tolerance to VOCs has been observed.?’
Decreases in harvested seed pod weight have been reported for the more sensitive plants, and
some studies have reported effects on seed germination, flowering and fruit ripening. Effects of
individual VOC:s or their role in conjunction with other stressors (e.g., acidification, drought,
temperature extremes) have not been well studied. In a recent study of a mixture of VOCs
including ethanol and toluene on herbaceous plants, significant effects on seed production, leaf
water content and photosynthetic efficiency were reported for some plant species.?’

Research suggests an adverse impact of vehicle exhaust on plants, which has in some cases
been attributed to aromatic compounds and in other cases to nitrogen oxides.?’%2"7-2"8 The
impacts of VOCs on plant reproduction may have long-term implications for biodiversity and
survival of native species near major roadways. Most of the studies of the impacts of VOCs on
vegetation have focused on short-term exposure and few studies have focused on long-term
effects of VOCs on vegetation and the potential for metabolites of these compounds to affect
herbivores or insects.

II1. Proposed Test Procedures and Standards

In applying heavy-duty criteria pollutant emission standards, EPA divides engines primarily

into two types: compression ignition (CI) (primarily diesel-fueled engines) and spark-ignition

(SI) (primarily gasoline-fueled engines). The CI standards and requirements also apply to the

273 U.S. EPA. (1991). Effects of organic chemicals in the atmosphere on terrestrial plants. EPA/600/3-91/001.

274 Cape JN, ID Leith, J Binnie, J Content, M Donkin, M Skewes, DN Price AR Brown, AD Sharpe. (2003). Effects
of VOCs on herbaceous plants in an open-top chamber experiment. Environ. Pollut. 124:341-343.

275 Cape JN, ID Leith, J Binnie, J Content, M Donkin, M Skewes, DN Price AR Brown, AD Sharpe. (2003). Effects
of VOCs on herbaceous plants in an open-top chamber experiment. Environ. Pollut. 124:341-343.

276 Viskari E-L. (2000). Epicuticular wax of Norway spruce needles as indicator of traffic pollutant deposition.
Water, Air, and Soil Pollut. 121:327-337.

277 Ugrekhelidze D, F Korte, G Kvesitadze. (1997). Uptake and transformation of benzene and toluene by plant
leaves. Ecotox. Environ. Safety 37:24-29.

278 Kammerbauer H, H Selinger, R Rommelt, A Ziegler-Jons, D Knoppik, B Hock. (1987). Toxic components of
motor vehicle emissions for the spruce Picea abies. Environ. Pollut. 48:235-243.
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largest natural gas engines. Battery-electric and fuel-cell vehicles are also subject to criteria
pollutant standards and requirements. All heavy-duty highway engines are subject to brake-
specific (g/hp-hr) exhaust emission standards for four criteria pollutants: oxides of nitrogen
(NOx), particulate matter (PM), hydrocarbons (HC), and carbon monoxide (CO).?” In this
section we describe two regulatory options for new emissions standards: proposed Option 1 and
proposed Option 2 and updates we are proposing to the test procedures that apply for these
pollutants. Unless explicitly stated otherwise, the proposed provisions in this section and Section
IV would apply to proposed Options 1 and 2, as well as the full range of options in between
them.28°
A. Overview

In the following section, we provide an overview of our proposal to migrate and update our
criteria pollutant regulations for model year 2027 and later heavy-duty highway engines, our
proposed Options 1 and 2 standards and test procedures, and our analysis demonstrating the
feasibility of the proposed standards. The sections that follow provide more detail on each of
these topics. Section II1.B and Section III.D include the proposed changes to our laboratory-
based standards and test procedures for heavy-duty compression-ignition and spark-ignition
engines, respectively. Section III.C introduces our proposed off-cycle standards and test
procedures that extend beyond the laboratory to on-the-road, real-world conditions. Section III.E
describes our proposal for new refueling standards for certain heavy-duty spark-ignition engines.

Each of these sections include descriptions of the current standards and test procedures and our

27 Reference to hydrocarbon (HC) standards includes nonmethane hydrocarbon (NMHC), nonmethane-nonethane
hydrocarbon (NMNEHC) and nonmethane hydrocarbon equivalent (NMHCE). See 40 CFR 86.007-11.

280 As detailed throughout Sections I1I and IV, we provide proposed regulatory text for the proposed Option 1. We
expect that the proposed Option 2 regulatory text would be the same as text for the proposed Option 1 except for the
number of steps and numeric values of the criteria pollutant standards and lengths of useful life and warranty
periods.

150



proposed updates, including our feasibility demonstrations and the data we relied on to support
our proposals.
1. Migration and Clarifications of Regulatory Text

As noted in Section I of this preamble, we are proposing to migrate our criteria pollutant
regulations for model year 2027 and later heavy-duty highway engines from their current
location in 40 CFR part 86, subpart A, to 40 CFR part 1036.28! Consistent with this migration,
the proposed compliance provisions discussed in this section refer to the proposed regulations in
their new location in part 1036. In general, this migration is not intended to change the
compliance program previously specified in part 86, except as specifically proposed in this
rulemaking. See our memorandum to the docket for a detailed description of the proposed
migration.?®? The proposal includes updating cross references to 40 CFR parts 86 and 1036 in
several places to properly cite the new rulemaking provisions in this rule.
1. Compression- and Spark-Ignition Engines Regulatory Text

For many years, the regulations of 40 CFR part 86 have referred to "diesel heavy-duty
engines" and "Otto-cycle heavy-duty engines"; however, as we migrate the heavy-duty
provisions of 40 CFR part 86, subpart A, to 40 CFR part 1036 in this proposal, we refer to these
engines as "compression-ignition" (CI) and "spark-ignition" (SI), respectively, which are more
comprehensive terms and consistent with existing language in 40 CFR part 1037 for heavy-duty
motor vehicle regulations. In this section, and throughout the preamble, reference to diesel and

Otto-cycle engines is generally limited to discussions relating to current test procedures and

281 As noted in the following sections, we are proposing some updates to 40 CFR parts 1037, 1065, and 1068 to
apply to other sectors in addition to heavy-duty highway engines.

282 Stout, Alan; Brakora, Jessica. Memorandum to docket EPA-HQ-OAR-2019-0055. "Technical Issues Related to
Migrating Heavy-Duty Highway Engine Certification Requirements from 40 CFR Part 86, Subpart A, to 40 CFR
Part 1036". October 1, 2021.
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specific terminology used in 40 CFR part 86. We are also proposing to update the terminology
for the primary intended service classes in 40 CFR 1036.140 to replace Heavy heavy-duty engine
with Heavy HDE, Medium heavy-duty engine with Medium HDE, Light heavy-duty engine with
Light HDE, and Spark-ignition heavy-duty engine with Spark-ignition HDE.?** Our proposal
includes revisions throughout 40 CFR parts 1036 and 1037 to reflect this updated terminology.

ii. Heavy-duty Hybrid Regulatory Text

Similar to our updates to more comprehensive and consistent terminology for CI and SI
engines, as part of this proposal we are also updating and clarifying regulatory language for
hybrid engines and hybrid powertrains. We propose to update the definition of “engine
configuration” in 40 CFR 1036.801 to clarify that an engine configuration would include hybrid
components if it is certified as a hybrid engine or hybrid powertrain. We are proposing first to
clarify in 40 CFR 1036.101(b) that regulatory references in part 1036 to engines generally apply
to hybrid engines and hybrid powertrains. We are also proposing to clarify in 40 CFR
1036.101(b) that manufacturers may optionally test the hybrid engine and powertrain together,
rather than testing the engine alone; this option would allow manufacturers to demonstrate
emission performance of the hybrid technology that are not apparent when testing the engine
alone.

To certify a hybrid engine or hybrid powertrain to criteria pollutant standards, we propose that
manufacturers would declare a primary intended service class of the engine configuration using
the proposed updated 40 CFR 1036.140. The current provisions of 40 CFR 1036.140 distinguish
classes based on engine characteristics and characteristics of the vehicles for which

manufacturers intend to design and market their engines. Under this proposal, manufacturers

283 This proposed terminology for engines is also consistent with the “HDV” terminology used for vehicle
classifications in 40 CFR 1037.140.
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certifying hybrid engines and hybrid powertrains would use good engineering judgment to
identify the class that best describes their engine configuration.?®* Once a primary intended
service class is declared, the engine configuration would be subject to all the criteria pollutant
emission standards and related compliance provisions for that class.

We propose to update 40 CFR 1036.230(c) to include hybrid powertrains and are proposing
that engine configurations certified as hybrid engine or hybrid powertrain may not be included in
an engine family with conventional engines, consistent with the current provisions. We note that
this provision would result in more engine families for manufacturers certifying hybrids. We
request comment on our proposed clarification in 40 CFR 1036.101(b) that manufacturers may
optionally test the hybrid engine and powertrain together, rather than testing the engine alone.
Specifically, we are interested in stakeholder input on whether EPA should require all hybrid
engines and powertrains to be certified together, rather than making it optional. We are interested
in commenters’ views on the impact of additional engine/powertrain families if we were to
require powertrain testing for all hybrid engine and powertrain engine configurations, including a
manufacturers’ ability to conduct certification testing and any recommended steps EPA should
take to address such effects. We are also interested in commenters’ views on whether the
powertrain test always provides test results that are more representative of hybrid emission
performance in the real world, or if for some hybrid systems the engine test procedure provides
equally or more representative results. For instance, we solicit comment on whether for some
hybrids, such as mild-hybrids, the powertrain test should continue to be an option, even if we

were to require that all other hybrids must use the powertrain test.

284 For example, an engine configuration that includes an SI engine and hybrid powertrain intended for a Class 4
vehicle would certify to the proposed Spark-ignition HDE provisions.
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We are also interested in stakeholder input on potential alternative approaches, such as if EPA
were to add new, separate service classes for hybrid engines and powertrains in the final rule.
Distinct service classes for hybrid engines and powertrains could allow EPA to consider separate
emission standards, useful life, and/or test procedures for hybrids based on unique performance
attributes; however, it could also add burden to EPA and manufacturers by creating additional
categories to track and maintain. We request that commenters suggesting separate primary
intended service classes for hybrid engines and powertrains include data, if possible, to support
an analysis of appropriate corresponding emission standards, useful life periods, and other
compliance requirements.

iii. Heavy-duty Electric Vehicles Regulatory Text

Similar to our updates to more comprehensive and consistent terminology, as part of this
proposal we are also updating and consolidating regulatory language for battery-electric vehicles
and fuel cell electric vehicles (BEVs and FCEVs). For BEVs and FCEVs, we are proposing to
consolidate and update our regulations as part of a migration of heavy-duty vehicle regulations
from 40 CFR part 86 to 40 CFR part 1037. In the GHG Phase 1 rulemaking, EPA revised the
heavy-duty vehicle and engine regulations to make them consistent with our regulatory approach
to electric vehicles (EVs) under the light-duty vehicle program. Specifically, we applied
standards for all regulated criteria pollutants and GHGs to all heavy-duty vehicle types, including
EVs.2 Starting in MY 2016, criteria pollutant standards and requirements applicable to heavy-
duty vehicles at or below 14,000 pounds GVWR in 40 CFR part 86, subpart S, applied to heavy-
duty EVs above 14,000 pounds GVWR through the use of good engineering judgment (see

current 40 CFR 86.016-1(d)(4)). Under the current 40 CFR 86.016-1(d)(4), heavy-duty vehicles

28576 FR 57106, September 15, 2011

154



powered solely by electricity are deemed to have zero emissions of regulated pollutants; this
provision also provides that heavy-duty EVs may not generate NOx or PM emission credits.
Additionally, part 1037 applies to heavy-duty EVs above 14,000 pounds GVWR (see current 40
CFR 1037.1).

In this rulemaking, we are proposing to consolidate certification requirements for BEVs and
FCEVs over 14,000 pounds GVWR in 40 CFR part 1037 such that manufacturers of BEVs and
FCEVs over 14,000 pounds GVWR would certify to meeting the emission standards and
requirements of part 1037, as provided in the current 40 CFR 1037.1. 26 In the proposed 40 CFR
1037.102(b), we clarify that BEVs and FCEVs are subject to criteria pollutant standards as
follows: prior to MY 2027, the emission standards under the current 40 CFR 86.007-11 would
apply, while the emission standards under the proposed 40 CFR 1036.104 would apply starting
in MY 2027. As specified in the proposed 40 CFR 1037.205(q), starting in MY 2027, BEV and
FCEV manufacturers could choose to attest that vehicles comply with the standards of 40 CFR
1037.102 instead of submitting test data.?®” As discussed in Section IV.I, we are proposing in 40
CFR 1037.616 that, starting in MY 2024, manufacturers may choose to generate NOx emission
credits from BEVs and FCEVs if the vehicle meets durability requirements described in
proposed 40 CFR 1037.102(b)(3).2%8 Manufacturers choosing to generate NOx emission credits

under proposed 40 CFR 1037.616 may attest to meeting durability requirements while also

286 Manufacturers of battery-electric and fuel cell electric vehicles at or below 14,000 pounds GVWR would
continue complying with the standards and requirements in CFR 40 part 86, subpart S, instead of the requirements in
40 CFR 1037.

287 Prior to MY 2027, BEVs or FCEVs that are not used to generate NOx emission credits would continue to be
deemed to have zero tailpipe emissions of criteria pollutants, as specified in current 40 CFR 86.016-1(d)(4). See
Section IV.I and the proposed 40 CFR 1037.205(q)(2) for information relevant to manufacturers choosing to
generate NOx emission credits from BEVs and FCEVs starting in MY 2024.

288 Our proposal for how manufacturers could generate NOx emissions credits from BEVs and FCEVs would be
available under any of the regulatory options that we are considering for revised NOx standards (see Section I'V.I for
details and requests for comments on this topic).

155



submitting test results required for calculating NOx emission credits and quantifying initial
battery or fuel cell performance.?®°-2° We are proposing to continue to not to allow heavy-duty
EVs to generate PM emission credits since we are proposing not to allow any manufacturer to
generate PM emission credits for use in MY 2027 and later under the proposed averaging,
banking, and trading program presented in Section IV.G.
2. Proposed Numeric Standards and Test Procedures for Compression-Ignition and Spark-
Ignition Engines

EPA is proposing new NOx, PM, HC, and CO emission standards for heavy-duty engines
that will be certified under 40 CFR part 1036.2%1:*? As noted in the introduction to this preamble,
the highway heavy-duty vehicle market is largely segmented in that a majority of the lightest
weight class vehicles are powered by gasoline-fueled spark-ignition engines and most of the
heaviest weight class vehicles are powered by diesel-fueled compression-ignition engines. There
is significant overlap in the engines installed in Class 4-6 applications.?* Considering the
interchangeable nature of these middle range vehicles, we have designed our proposed program
options so that, regardless of what the market chooses (e.g., gasoline- or diesel-fueled engines),
similar emission reductions would be realized over their expected operational lives. We believe it

is appropriate to propose standards that are numerically fuel neutral yet account for the

289 As provided in the current 40 CFR 1037.150(f), no CO2-related emission testing is required for electric vehicles
and manufacturers would continue to use good engineering judgment to apply other requirements of 40 CFR 1037.
290 See the proposed 40 CFR 1037.205(q) for information required in a certification application for BEVs or FCEVs;
Section III.B.2.v.c includes additional discussion on proposed test procedures for BEVs and FCEVs, with details
included in 40 CFR 1037.552 or 40 CFR 1037.554 for BEVs or FCEVs, respectively.

21 See proposed 40 CFR 1036.104.

22 We are proposing to migrate the current alternate standards available for engines used in certain specialty
vehicles from 40 CFR 86.007-11 and 86.008-10 into 40 CFR 1036.605 without modification, and are requesting
comment on alternative options to our proposal. See Section XII.B of this preamble for a discussion of these
standards and further details regarding our request for comment.

293 The heavy-duty highway engines installed in vehicles with a GVWR between 8,501 and 14,000 pounds (Class 2b
and 3) that are not chassis-certified, are subject to standards defined in 40 CFR 86.007-11 and 40 CFR 86.008-10.
For CI engines this is only small fraction of the Class 2b and 3 vehicles. For SI engines all Class 2b and 3 gasoline-
fueled vehicles are chassis-certified and would not be affected by the proposals in this rulemaking.
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fundamental differences between CI and SI engines.?** We believe this proposed approach
would result in roughly equivalent implementation burdens for manufacturers. As described in
this section, the proposed Options 1 and 2 NOx and PM standards are based on test data from our
CI engine feasibility demonstration program. We also find that they are feasible for SI engines
based on currently available technologies and we are adopting them for SI engines to maintain
fuel neutral standards. The proposed Options 1 and 2 HC and CO standards are based on HD SI
engine emission performance. We also find that they are feasible for CI engines based on
currently available technologies and we are adopting them for CI engines to maintain fuel neutral
standards. We have not relied on the use of HEV, BEV, or FCEV technologies in the
development of our proposed Options 1 and 2 or the Alternative standards; however, as
discussed in Section IV, we are proposing to allow these technologies to generate NOx emission
credits as a flexibility for manufacturers to spread out their investment and prioritize technology
adoption to the applications that make the most sense for their businesses during their transition
to meeting the proposed more stringent standards (see Sections IV.G, IV.H, and, IV.I for details
on our proposed approach to NOx emission credits). We do not expect that current market
penetration of BEVs (0.06 percent in MY 2019) or projected penetration rate in the MY 2027
timeframe (1.5 percent) would meaningfully impact our analysis for developing the numeric

level of the proposed Options 1 and 2 standards;?°> however, as noted in I11.B.5, we are

2% Current emission controls for heavy-duty engines largely target the emissions produced by the engine-specific
combustion process. The combustion process of diesel-fueled CI engines inherently produces elevated NOy and PM
that are controlled by selective catalytic reduction (SCR) and diesel particulate filter (DPF) technologies, while
gasoline-fueled SI engines are more likely to produce higher levels of HC and CO that are controlled by three-way
catalyst (TWC) technology. See Chapter 2 of the draft RIA for additional background on these emission control
technologies.

295 As discussed in IV.I, we are proposing that BEVs and FCEVs can generate NOx credits that reflect the zero
tailpipe emission performance of these technologies; however, the value of the NO emission credits for BEVs and
FCEVs relative to the difference in the proposed versus current NOx emission standards results in larger numbers of
BEVs or FCEVs being needed to offset the projected improvement in NOx emission control from CI or SI engines
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requesting comment on whether to include HEV, BEV, and/or FCEV technologies in our
feasibility analysis for the final rule and may re-evaluate our approach, especially if we receive
information showing higher BEV/FCEV market penetration in the MY 2027 or later
timeframe. %

Engine manufacturers historically have demonstrated compliance with EPA emission
standards by measuring emissions while the engine is operating over precisely defined duty
cycles in an emissions testing laboratory. The primary advantage of this approach is that it
provides very repeatable emission measurements. In other words, the results should be the same
no matter when or where the test is performed, as long as the specified test procedures are used.
We continue to consider pre-production laboratory engine testing (and durability demonstrations)
as the cornerstone of ensuring in-use emission standards compliance. However, tying each
emission standard to a specific, defined test cycle leaves open the possibility of emission controls
being designed more to the limited conditions of the test procedures than to the full range of in-
use operation. Since 2004, we have applied additional off-cycle standards for diesel engines that
allow higher emission levels but are not limited to a specific duty cycle, and instead measure
emissions over real-world, non-prescribed driving routes that cover a range of in-use

operation.?” Our proposal includes new and updated heavy-duty engine test procedures and

standards, both for duty cycle standards to be tested in an emissions testing laboratory and for

relative to the number of BEVs or FCEVs needed to offset the projected improvement in CO, emission control. This
difference in the magnitude of potential impact from BEVs or FCEVs on NOy versus CO, emission standards is
further amplified by the advanced technology emission credit multipliers included the HD GHG Phase 2 program,
which we are choosing not to propose for NOy emission credits. In addition to this, we are proposing an FEL for cap
for NOy emissions that would require all engines to certify below the current NOy emission standard.

2% See Preamble XI for more discussion on BEV/FCEV market projections and our proposal to account for them in
revised HD GHG Phase 2 standards.

27 As discussed in Section IV.K, EPA regulations provide for testing engines at various stages in the life of an
engine; duty cycle or off-cycle procedures may be used pre- or post-production to verify that the engine meets
applicable duty cycle or off-cycle emission standards throughout useful life.
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off-cycle standards that can be tested on the road in real-world conditions, as described in the
following sections.
3. Implementation of Proposed Program

As discussed in this section, we have evaluated the proposed standards in terms of
technological feasibility, lead time, stability, cost, energy, and safety, consistent with the
requirements in CAA section 202(a)(3). We are proposing standards based on our CI and SI
engine feasibility demonstration programs, with Option 1 standards in two steps for MY 2027
and MY 2031 and Option 2 standards in one step starting in MY 2027. Our evaluation of
available data shows that the standards and useful life periods in both steps of proposed Option 1
are feasible and would result in the greatest emission reductions achievable for the model years
to which they are proposed to apply, pursuant to CAA section 202(a)(3), giving appropriate
consideration to cost, lead time, and other factors. Our analysis further shows that the standards
and useful life periods in proposed Option 2 are feasible in the 2027 model year, but would result
in lower levels of emission reductions compared to proposed Option 1. As explained further in
this section and Chapter 3 of the draft RIA, we expect that additional data from EPA’s ongoing
work to demonstrate the performance of emission control technologies, as well as information
received in public comments, will allow us to refine our assessments and consideration of the
feasibility of the combination of the standards and useful life periods, particularly for the largest
CI engines (HHDES), in proposed Options 1 and 2, after consideration of lead time, costs, and
other factors. Therefore, we are co-proposing Options 1 and 2 standards and useful life periods,
and the range of options in between them, as the options that may potentially be appropriate to
finalize pursuant to CAA section 202(a)(3) once EPA has considered that additional data and

other information.

159



We are proposing MY 2027 as the first implementation year for both options to align with the
final step of the HD GHG Phase 2 standards, which would provide at least four years of lead
time from a final rulemaking in 2022. As discussed in Section I and detailed in this section, the
four-year lead time for the proposed criteria pollutant standards allows manufacturers to develop
and apply the emission control technologies needed to meet the proposed standards, and to
ensure those technologies will be durable for the proposed longer useful life periods; four years
of lead time is also consistent with the CAA requirements.

In the event that manufacturers start production of some engine families sooner than four
years from our final rule, we are proposing an option to split the 2027 model year.?%®
Specifically, we are proposing that a MY 2027 engine family that starts production within four
years of the final rule could comply with the proposed MY 2027 standards for all engines
produced for that engine family in MY2027 or could split the engine family by production date
in MY 2027 such that engines in the family produced prior to four years after the final rule
would continue to be subject to the existing standards.?® This proposed option to split the first
model year provides assurance that all manufacturers, regardless of when they start production of
their engine families, will have four years of lead time to the proposed first implementation step
in MY 2027.

For Option 1, the phased implementation would also provide four years of stability before
increasing stringency again in MY 203 1. Through comments received on our ANPR, we have

heard from manufacturers that given the challenge of implementing the third step of the HD

GHG rules in MY 2027, they believe it would take closer to four years to adequately fine-tune

2% We are proposing an option to split the 2027 model year for new MY 2027 criteria pollutant standards under any
regulatory option with such standards in MY 2027 that EPA may adopt for the final rule.
2% See 40 CFR 86.007-11.
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and validate their products for a second step of more stringent criteria pollutant control that also
extends useful life.3% In response to this concern, and the general request by suppliers and
environmental stakeholders for a nationally aligned criteria pollutant program, we are proposing
MY 2031 for the final step of the proposed Option 1 standards to provide four additional years
for manufacturers to design and build engines that will meet the proposed second step of the
Option 1 standards and associated compliance provisions.>’! A MY 2031 final step would also
align with the Omnibus.>> We request comment on the general approach of a two-step versus
one-step program, and the advantages or disadvantages of the proposed Option 1 two-step
approach that EPA should consider in developing the final rule. For instance, we seek
commenters’ views on whether the Agency should adopt a first step of standards but defer any
second step of standards to a planned future rulemaking on heavy-duty GHG emissions instead
of adopting a second step of standards in this rulemaking.3** We also request comment on
whether there are additional factors that we should consider when setting standards out to the
MY 2031 timeframe.

As explained in Section II1.B.3, we have evaluated and considered the costs of these
technologies in our assessment of the proposed Options 1 and 2 standards. The proposed Options
1 and 2 standards are achievable without increasing the overall fuel consumption and CO2
emissions of the engine for each of the duty cycles (FTP, SET, and LLC) and the fuel mapping

test procedures defined in 40 CFR 1036.535 and 1036.540, as discussed in the Chapter 3 of the

300 See comments from Volvo. Docket ID: EPA-HQ-OAR-2019-0055-0463.

301 See comments from MECA, MEMA and Union of Concerned Scientists. Docket ID: EPA-HQ-OAR-2019-0055-
0463.

302 California Air Resources Board. Heavy-Duty Omnibus Regulation. Available online:
https://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox.

303 As noted in the Executive Summary and discussed in Sections XI and XIII, this proposal is consistent with E.O.
14037, which also directs EPA to consider undertaking a separate rulemaking to establish new GHG emission
standards for heavy-duty engines and vehicles to begin as soon as MY 2030.
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draft RIA.3* Finally, the proposed Options 1 and 2 standards would have no negative impact on
safety, based on the existing use of these technologies in light-duty vehicles and heavy-duty
engines on the road today.
B. Summary of Proposed Compression-Ignition Exhaust Emission Standards and Proposed Duty
Cycle Test Procedures
1. Current Duty Cycle Test Procedures and Standards
Current criteria pollutant standards must be met by compression-ignition engines over both
the Federal Test Procedure (FTP)*% and the Supplemental Emission Test (SET) duty cycles.
The FTP duty cycles, which date back to the 1970s, are composites of a cold-start and a hot-start
transient duty cycle designed to represent urban driving. There are separate duty cycles for both
SI and CI engines. The cold-start emissions are weighted by one-seventh and the hot-start
emissions are weighted by six-sevenths.>®® The SET is a more recent duty cycle for diesel
engines that is a continuous cycle with ramped transitions between the thirteen steady-state
modes.??” The SET does not include engine starting and is intended to represent fully warmed-
up operating modes not emphasized in the FTP, such as more sustained high speeds and loads.
Emission standards for criteria pollutants are currently set to the same numeric value for FTP
and SET test cycles. Manufacturers of compression-ignition engines have the option to

participate in our averaging, banking, and trading (ABT) program for NOx and PM as discussed

304 The proposed ORVR requirements discussed in Section II1.E.2 would reduce fuel consumed from gasoline fuel
engines, but these fuel savings would not be measured on the duty cycles since the test procedures for these tests
measure tailpipe emissions and do not measure emissions from refueling. We describe our estimate of the fuel
savings in Chapter 7.2.2 of the draft RIA.

395 EPA specifies different FTP duty cycles for compression-ignition and spark-ignition engines.

306 See 40 CFR 86.007-11 and 40 CFR 86.008-10.

307 See 40 CFR 86.1362.

162



in Section IV.G.3% These pollutants are subject to family emission limit (FEL) caps of 0.50 g/hp-

hr for NOx and 0.02 g/hp-hr for PM.3%

Table III-1 Current diesel-cycle engine standards over the FTP and SET duty cycles

NOx? PMP HC CcO
(g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr)
0.20 0.01 0.14 15.5

2 Engine families participating in the ABT program are subject to a FEL cap of 0.50 g/hp-hr for NOx.
® Engine families participating in the ABT program are subject to a FEL cap of 0.02 g/hp-hr for PM.

EPA developed powertrain and hybrid powertrain test procedures for the HD GHG Phase 2
Heavy-Duty Greenhouse Gas rulemaking (81 FR 73478, October 25, 2016) with updates in the
HD Technical Amendments rule (86 FR 34321, June 29, 2021).3!° The powertrain and hybrid
powertrain tests allow manufacturers to directly measure the effectiveness of the engine, the
transmission, the axle and the integration of these components as an input to the Greenhouse gas
Emission Model (GEM) for compliance with the greenhouse gas standards. As part of the
technical amendments, EPA allowed the powertrain test procedure to be used beyond the current
GEM drive cycles to include the FTP and SET engine-based test cycles and to facilitate hybrid
powertrain testing (40 CFR 1036.505 and 1036.510 and 40 CFR 1037.550).

These heavy-duty diesel-cycle engine standards are applicable for a useful life period based
on the primary intended service class of the engine.?!! For certification, manufacturers must
demonstrate that their engines will meet these standards throughout the useful life by performing
a durability test and applying a deterioration factor (DF) to their certification value.3!?

Additionally, manufacturers must adjust emission rates for engines with exhaust aftertreatment to

308 See 40 CFR 86.007-15.

309 See 40 CFR 86.007-11.

310 See 40 CFR 1037.550.

31140 CFR 86.004-2.

312 See 40 CFR 86.004-26(c) and (d) and 86.004-28(c) and (d).
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account for infrequent regeneration events accordingly.>'> To account for variability in these
measurements, as well as production variability, manufacturers typically add margin between the
DF and infrequent regeneration adjustment factor (IRAF) adjusted test result, and the family
emission limit (FEL). A summary of the margins manufacturers have included for MY 2019 and
newer engines is summarized in Chapter 3.1.2 of the draft RIA.
2. Proposed Test Procedures and Standards

EPA is proposing new NOx, PM, HC, and CO emission standards for heavy-duty
compression-ignition engines that will be certified under 40 CFR part 1036.31%31> We are
proposing updates to emission standards for our existing laboratory test cycles (i.e., FTP and
SET) and proposing NOx, PM, HC and CO emission standards based on a new low-load test
cycle (LLC) as described below.*'® The proposed standards for NOx, PM, and HC are in units of
milligrams/horsepower-hour instead of grams/horsepower-hour because using units of
milligrams better reflects the precision of the new standards, rather than adding multiple zeros
after the decimal place. Making this change would require updates to how manufacturers report
data to the EPA in the certification application, but it does not require changes to the test
procedures that define how to determine emission values. We describe compression-ignition
engine technology packages that demonstrate the feasibility of achieving these proposed Options
1 and 2 standards in Section III.B.3.ii and provide additional details in Chapters 2 and 3 of the

draft RIA for this rulemaking.

313 See 40 CFR 1036.501(d).

314 See proposed 40 CFR 1036.104.

315 See proposed 40 CFR 1036.605 and Section XII.B of this preamble for a discussion of our proposal for engines
installed in specialty vehicles.

316 See proposed 40 CFR 1036.104.
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As part of this rulemaking, we are proposing two options to increase the useful life for each
engine class as described in Section IV.A. The proposed Options 1 and 2 emission standards
outlined in this section would apply for the longer useful life periods and manufacturers would
be responsible for demonstrating that their engines will meet these standards as part of the
proposed revisions to durability requirements described in Section IV.F. In Section IV.G, we
discuss our proposed updates to the ABT program to account for our proposal of three laboratory
cycles (FTP, SET and LLC) with unique standards.

As discussed in Section II1.B.2, the proposal includes two sets of standards: proposed Option
1 and proposed Option 2. As described in Section II1.B.3.ii, we believe the technology packages
evaluated for this proposal can achieve our proposed Options 1 and 2 duty-cycle standards. For
Option 1, we are proposing the standards in two steps in MY 2027 and MY 2031, because the
proposed Option 1 program includes not only numerical updates to existing standards but also
other new and revised standards and compliance provisions such as a new duty-cycle procedure
and standards, revised off-cycle procedures and standards, longer useful life periods, and other
proposed requirements that, when considered collectively, merit a phased approach to lead time.
As discussed in Section I.G and in Section II1.B.4, we also present an alternative set of standards
(Alternative) that we also considered. The Alternative is more stringent than either the proposed
Option 1 MY 2031 standards or proposed Option 2 because the Alternative has shorter lead time,
lower numeric NOx emission standards and longer useful life periods. We note that we currently
are unable to conclude that the Alternative is feasible in the MY 2027 timeframe over the useful
life periods in this Alternative in light of deterioration in the emission control technologies that

we have evaluated to date, and we expect that we would need additional supporting data or other
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information in order to determine that the Alternative is feasible in the MY 2027 timeframe to
consider adopting it in the final rule.

The proposed options for NOx standards were derived to consider the range of options that
may potentially be appropriate to adopt to achieve the maximum feasible emissions reductions
from heavy-duty diesel engines considering lead time, stability, cost, energy and safety. To
accomplish this, we evaluated what operation made up the greatest part of the inventory as
discussed in Section VI.B and what technologies could be used to reduce emissions in these
areas. As discussed in Section I, we project that emissions from operation at low power,
medium-to-high power, and mileages beyond the current regulatory useful life of the engine
would account for the majority of heavy-duty highway emissions in 2045. To achieve reductions
in these three areas we identified options for cycle-specific standards to ensure that the maximum
achievable reductions are seen across the operating range of the engine. As described in Section
IV, we are proposing to increase both the regulatory useful life and the emission-related warranty
periods to ensure these proposed standards are met for a greater portion of the engine's
operational life.

To achieve the goal of reducing emissions across the operating range of the engine, we are
proposing two options for standards for three duty cycles (FTP, SET and LLC). In proposing
these standards, we assessed the performance of the best available aftertreatment systems, which
are more efficient at reducing NOx emissions at the higher exhaust temperatures that occur at
high engine power, than they are at reducing NOx emissions at low exhaust temperatures that
occur at low engine power. To achieve the maximum NOx reductions from the engine at
maximum power, the aftertreatment system was designed to ensure that the downstream

selective catalytic reduction (SCR) catalyst was properly sized, diesel exhaust fluid (DEF) was
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fully mixed with the exhaust gas ahead of the SCR catalyst and the diesel oxidation catalyst
(DOC) was designed to provide a molar ratio of NO to NO: of near one. To reduce emissions
under low power operation and under cold-start conditions, we selected standards for proposed
Option 1, for the LLC and the FTP that would achieve an 80 to 90 percent, or more, reduction in
emissions under these operating conditions as compared to current standards. The proposed
Options 1 and 2 standards are achievable by utilizing cylinder deactivation (CDA), dual-SCR
aftertreatment configuration and heated diesel exhaust fluid (DEF) dosing. To reduce emissions
under medium to high power, we selected standards for proposed Option 1, for the SET that
would achieve a greater than 80 percent reduction in emissions under these operating conditions.
The proposed Options 1 and 2 SET standards are achievable by utilizing improvements to the
SCR formulation, SCR catalyst sizing, and improved mixing of DEF with the exhaust. Further
information about these technologies can be found in Chapters 1 and 3 of the draft RIA.

For the proposed Options 1 and 2 PM standards, they were set at a level to maintain the
current emissions performance of diesel engines. For the proposed Options 1 and 2 standards for
HC and CO, they were generally set at a level that is achievable by spark-ignition engines. Each
of these standards are discussed in more detail in the following sections.

In proposed Option 1 for MY 2031 and later Heavy HDE, we are proposing NOx standards at
an intermediate useful life (IUL) of 435,000 miles as discussed later in Section I11.B.2. We
believe that the proposed Option 1 useful life for these engines of 800,000 miles justifies the
need for standards at IUL. It could be many years after the engines are on the road before EPA
could verify that the engines meet the standards out to useful life if there is no IUL standard. As

discussed further in Section III.B.3.1i.a, [UL standards ensure that the emissions from the engine
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are as low as feasible for the entire useful life and provides an intermediate check on emission
performance deterioration over the UL.

As discussed in Section II1.B.3, we have assessed the feasibility of the proposed Options 1
and 2 standards for compression-ignition engines by testing a Heavy HDE equipped with
cylinder CDA technology and dual-SCR aftertreatment configuration with heated DEF dosing.
The demonstration work consisted of two phases. The first phase of the demonstration was led
by CARB and is referred to as CARB Stage 3. In this demonstration the aftertreatment was
chemically- and hydrothermally-aged to the equivalent of 435,000 miles. During this aging the
emissions performance of the engine was assessed after the aftertreatment was degreened, at the
equivalent of 145,000 miles, 290,000 miles and 435,000 miles. The second phase of the
demonstration was led by EPA and is referred to as the EPA Stage 3 engine. In this phase,
improvements were made to the aftertreatment by replacing the zone-coated catalyzed soot filter
with a separate DOC and diesel particulate filter (DPF) that were chemically- and
hydrothermally-aged to the equivalent of 800,000 miles and improving the mixing of the DEF
with exhaust prior to the downstream SCR catalyst. The EPA Stage 3 engine was tested at an
age equivalent to 435,000 and 600,000 miles. The EPA Stage 3 engine will be tested at an age
equivalent of 800,000 miles. Additionally, we plan to test a second aftertreatment system
referred to as “Team A” which is also a dual-SCR aftertreatment configuration with heated DEF
dosing, but has greater SCR catalyst volume and a different catalyst washcoat formulation.

i. FTP
We are proposing new emission standards for testing over the FTP duty-cycle as shown in

Table I11-2.3!7 These brake-specific FTP standards would apply across the primary intended

317 See 40 CFR 1036.510 for FTP duty-cycle test procedure.
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service classes over the useful life periods shown in Table III-3. These Options 1 and 2
standards have been shown to be feasible for compression-ignition engines based on testing of
the CARB Stage 3 and EPA Stage 3 engine with a chemically- and hydrothermally-aged
aftertreatment system.3!® At the time of this proposal, the catalyst was aged to an equivalent of
800,000 miles, but the test data at the equivalent of 800,000 miles was not yet available. EPA
will continue to assess the feasibility of the proposed standards as additional demonstration data
becomes available during the course of this rulemaking. For example, the EPA Stage 3 engine,
and EPA's Team A demonstration engine will be aged to and tested at the equivalent of 800,000
miles.?'” A summary of the data used for EPA's feasibility analysis can be found in Section
III.B.3. To provide for additional margin, in our technology cost analysis we increased the SCR
catalyst volume from what was used on the EPA and CARB Stage 3 engine. We are proposing
to continue an averaging, banking, and trading (ABT) program for NOx credits as a flexibility
for manufacturers. Our proposal includes targeted revisions to the current ABT program,
including new provisions to clarify how FELs apply for additional duty cycles, lower FEL caps
for NOx and restrictions for using NOx emission credits (see Section V.G for details on the
ABT program).

Table III-2 Proposed compression-ignition engine standards over the FTP duty cycle

Model Year Primary Intended Service NOx* PM HC CO
Class (mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed | 2027-2030 All HD Engines 35 5 60 6.0
Option 1 | 2031 and later | Light HDE and Medium HDE | 20 5 40 6.0

2031 and later | Heavy HDE through IUL 20 5 40 6.0

2031 and later | Heavy HDE from IUL to FUL | 40 5 40 6.0
Proposed | 2027 and later | All HD Engines 50 5 40 6.0
Option 2

2 Engine families participating in the ABT program would be subject to a NOx FEL cap, discussed in Section
IV.G.3.

318 See Section I11.B.2 for a description of the engine.
319 Data will be added to the public docket once it becomes available.
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Table III-3 Proposed useful life periods for heavy-duty compression-ignition primary intended service classes

Primary Current Proposed Option 1 Proposed Option 2
Intended MY MY 2031+
Service Class 2027 - 2030

Miles Years Miles Years Miles Years Miles Years
Light HDE* 110,000 10 190,000 12 270,000 15 250,000 10
Medium HDE | 185,000 10 270,000 11 350,000 12 325,000 10
Heavy HDE 435,000 10 600,000 11 800,000° 12 650,000 10

2 Current useful life period for Light HDE for GHG emission standards is 15 years or 150,000 miles. See 40 CFR
1036.108(d).

b Proposed Option 1 includes an hours-based useful life for Heavy HDE of 32,000 operating hours for model year
2027 through 2030, and 40,000 operating hours for model year 2031 and later.

¢ For MY 2031 and later Heavy HDE under proposed Option 1, we are proposing intermediate useful life periods

0f 435,000 miles, 10 years, or 22,000 hours, whichever comes first. See Section III for a discussion of the Option

1 standards we propose to apply for the intermediate and full useful life periods.

The proposed Options 1 and 2, 5 mg/hp-hr (0.005 g/hp-hr) FTP standard for PM is intended to
ensure that there is not an increase in PM emissions from future engines. As summarized in
Section II1.B.3.ii.b, manufacturers are submitting certification data to the agency for current
production engines well below the proposed PM standard over the FTP duty cycle. Lowering the
standard to 5 mg/hp-hr would ensure that future engines will maintain the low level of PM
emissions of the current engines. Taking into account measurement variability of the PM
measurement test procedure in the proposed PM standards, we believe that PM emissions from
current diesel engines are at the lowest feasible level for MY 2027 and later engines. We request
comment on whether 5 mg/hp-hr provides enough margin for particular engine designs. For
example, would 6 or 7 mg/hp-hr be a more appropriate standard to maintain current PM
emissions levels while providing enough margin to account for the measurement variability of
the PM measurement test procedure.

We are proposing two options HC and CO standards based on the feasibility demonstration
for SI engines. As summarized in Section II1.B.3.ii.b, manufacturers are submitting data to the
agency that show emissions performance for current production CI engines is well below the

current and proposed standards. Keeping standards at the same value for all fuels is consistent
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with the agency's approach to previous criteria pollutant standards. See Section III.C for more
information on how the numeric values of these two options for proposed HC and CO standards
were determined.

In the ANPR, we requested comment on changing the weighting factors for the FTP cycle for
heavy-duty engines. The current FTP weighting of cold-start and hot-start emissions was
promulgated in 1980 (45 FR 4136, January 21, 1980). It reflects the overall ratio of cold and hot
operation for heavy-duty engines generally and does not distinguish by engine size or intended
use. Specifically, we asked if FTP weighting factors should vary by engine class and any
challenges manufacturers may encounter to implement changes to the weighting factors. We did
not receive any comments to change the weighting and received comments from Roush and
MECA that the current weighting factors are appropriate. After considering these comments, we
are not proposing any changes to the weighting factors.

ii. SET

We are proposing new emissions standards for the SET test procedure as shown in Table I1I-4
over the same useful life periods shown in Table II1-3. Consistent with our current standards, we
are proposing the same numeric values for the standards over the FTP and SET duty cycles, and
the brake-specific SET standards apply across engine classes (primary intended service class).
As with the FTP cycle, the Options 1 and 2 standards have been shown to be feasible for
compression-ignition engines based on testing of the CARB Stage 3 and EPA Stage 3 engines
with a chemically- and hydrothermally-aged aftertreatment system. At the time of this proposal,
the catalyst was aged to an equivalent of 800,000 miles, but the test data at the equivalent of
800,000 miles was not yet available. EPA will continue to assess the feasibility of the proposed

standards as additional data becomes available. To provide additional margin for meeting the
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SET standards, we have accounted for additional SCR catalyst volume in our cost analysis. A

summary of the data used for EPA's feasibility analysis can be found in Section III.B.3.

Table I11-4 Proposed compression-ignition engine standards over the SET duty cycle

Model Year Primary Intended Service Class | NOx PM HC Cco
(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed | 2027-2030 All HD Engines 35 5 60 6.0
Option 1 | 2031 and later | Light HDE and Medium HDE | 20 5 40 6.0

2031 and later | Heavy HDE through IUL 20 5 40 6.0

2031 and later | Heavy HDE from IUL to FUL | 40 5 40 6.0
Proposed | 2027 and later | All HD Engines 50 5 40 6.0
Option 2

As with the proposed PM standards for the FTP (see Section II1.B.2.1), the proposed Options
1 and 2 PM standards for SET is intended to ensure that there is not an increase in PM emissions
from future engines. We request comment on whether 5 mg/hp-hr provides enough margin for
particular engine designs. For example, would 6 or 7 mg/hp-hr be a more appropriate standard to
maintain current PM emissions levels while providing enough margin to account for the
measurement variability of the PM measurement test procedure. As with the options for
proposed HC and CO standards for the FTP (see Section I11.B.2.1), we are proposing two options
for standards for HC and CO based on the feasibility demonstration for SI engines (see Section
1LC).

We have also observed an industry trend toward engine down-speeding — that is, designing
engines to do more of their work at lower engine speeds where frictional losses are lower. To
better reflect this trend in our duty cycle testing, in the HD GHG Phase 2 final rule, we
promulgated new SET weighting factors for measuring CO2 emissions (81 FR 73550, October
25, 2016). Since we believe these new weighting factors better reflect in-use operation of current
and future heavy-duty engines, we are proposing to apply these new weighting factors to criteria

pollutant measurement, as show in Table III-5, for NOx and other criteria pollutants as well. To
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assess the impact of the new test cycle on criteria pollutant emissions, we analyzed data from the
EPA Stage 3 engine that was tested on both versions of the SET. The data summarized in
Section II1.B.3.ii.a show that the NOx emissions from the EPA Stage 3 engine at an equivalent of
435,000 miles are slightly lower using the proposed SET weighting factors in 40 CFR 1036.505
versus the current SET procedure in 40 CFR 86.1362. The lower emissions using the proposed

SET cycle weighting factors are reflected in the stringency of the proposed Options 1 and 2 SET

standards.
Table III-S Proposed weighting factors for the SET
Speed/% Load Vz’eighting Factor
(%)
Idle 12
A, 100 9
B, 50 10
B, 75 10
A, 50 12
A, 75 12
A, 25 12
B, 100 9
B, 25 9
C, 100 2
C, 25 1
C,75 1
C, 50 1
Total 100
Idle Speed 12
Total A Speed |45
Total B Speed 38
Total C Speed 5
iii. LLC

EPA is proposing the addition of a low-load test cycle and standard that would require CI
engine manufacturers to demonstrate that the emission control system maintains functionality
during low-load operation where the catalyst temperatures have historically been found to be
below their operational temperature (see Chapter 2.2.2 of the draft RIA). We believe the
addition of a low-load cycle would complement the expanded operational coverage of our

proposed off-cycle testing requirements (see Section II1.C).

173



During “Stage 2 of their Low NOx Demonstration program, SWRI and NREL developed
several candidate cycles with average power and duration characteristics intended to test current
diesel engine emission controls under three low-load operating conditions: transition from high-
to low-load, sustained low-load, and transition from low- to high-load.*** In September 2019,
CARB selected the 92-minute “LLC Candidate #7” as the low load cycle they adopted for their
Low NOx Demonstration program and subsequent Omnibus regulation.??!-322

We are proposing to adopt CARB's Omnibus LLC as a new test cycle, the LLC. This cycle is
described in Chapter 2 of the draft RIA for this rulemaking and test procedures are specified in
the proposed 40 CFR 1036.512. The proposed LLC includes applying the accessory loads
defined in the HD GHG Phase 2 rule. These accessory loads are 1.5, 2.5 and 3.5 kW for Light
HDE, Medium HDE, and Heavy HDE engines, respectively. To allow vehicle level technologies
to be recognized on this cycle we are proposing the powertrain test procedure to include the
LLC. More information on the powertrain test procedure can be found in Section III.A.2.v. For
the determination of IRAF for the LLC, we are proposing the test procedures defined in 40 CFR
1036.522, which is the same test procedure that is used for the FTP and SET. We believe that
the IRAF test procedures that apply to the FTP and SET are appropriate for the LLC, but we
request comment on whether to modify how the regeneration frequency value in 40 CFR

1065.680 is determined, to account for the fact that a regeneration frequency value is needed for

three duty cycles and not just two.

320 California Air Resources Board. “Heavy-Duty Low NOx Program Public Workshop: Low Load Cycle
Development”. Sacramento, CA. January 23, 2019. Available online:
https://ww3.arb.ca.gov/msprog/hdlownox/files/workgroup 20190123/02-llc_ ws01232019-1.pdf.

321 California Air Resources Board. Heavy-Duty Omnibus Regulation. Available online:
https://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox.

322 California Air Resources Board. “Heavy-Duty Low NOx Program: Low Load Cycle” Public Workshop.
Diamond Bar, CA. September 26, 2019. Available online:
https://ww3.arb.ca.gov/msprog/hdlownox/files/workgroup 20190926/staff/03_llc.pdyf.
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Our proposed Options 1 and 2 emission standards for this proposed LLC are presented in
Table III-6. The brake-specific LLC standards would apply across engine classes. As with the
FTP cycle, the data from the EPA Stage 3 demonstration engine with an aged aftertreatment
system shows that these proposed Options 1 and 2 standards are feasible with available margins
between the data and the proposed standards. In fact, the margin between the proposed Option 1
MY 2031 standards and the Stage 3 engine data is the largest on the LLC, suggesting that a
lower numeric NOx standard would be feasible at 435,000 and 600,000 miles than included in
the proposed Option 1 IUL NOx standard. The summary of this data can be found in Section
111.B.3.

We request comment on the addition of a low-load test cycle and standard, as well as the

proposed accessory loads, or other engine operation a low-load cycle should encompass, if

finalized.
Table III-6 Proposed compression-ignition engine standards over the LLC duty cycle
. . NOx PM HC CO
Model Year g:;ary Intended Service | (;omp- | (mg/hp- | (mghp- | (g/hp-
hr) hr) hr) hr)
2027-2030 All HD Engines 90 5 140 6.0
12&82’3 and | | oht HDE and Medium HDE | 50 5 60 6.0
Proposed 2031 and
Option 1 later Heavy HDE through IUL 50 5 60 6.0
123(:;1 and | Heavy HDE from IUL to FUL | 100 5 60 6.0
Proposed | 2027 and .
Option 2 | later All HD Engines 100 5 60 6.0

The proposed LLC standards for PM are based on the effectiveness of the diesel particulate
filter (DPF) to reduce PM emissions across the operating range of the engine, including under
low loads. We request comment on whether 5 mg/hp-hr provides enough margin for particular
engine designs. For example, would 6 or 7 mg/hp-hr be a more appropriate standard for the LLC

to maintain current PM emissions levels while providing enough margin to account for the
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measurement variability of the PM measurement test procedure. Since we are not proposing
standards on the LLC for SI engines, the data from the CARB and EPA Stage 3 engine discussed
in Section III.B.3 were used to assess the feasibility of the proposed CO and HC standards. For
both proposed Option 1 and Option 2 standards, we are proposing the same numeric standards
for CO on the LLC as we have respectively proposed in Option 1 and Option 2 for the FTP and
SET cycles. This is because the demonstration data of the EPA Stage 3 engine shows that CO
emissions on the LLC are in similar to CO emissions from the FTP and SET. For the proposed
Options 1 and 2 for HC standards on the LLC, we are proposing standards that are different than
the standards of the FTP and SET cycles, to reflect the performance of the EPA Stage 3 engine
on the LLC. The data discussed in Section III.B.3 of the preamble shows that the proposed
Options 1 and 2 standards are feasible for both current and future new engines.
iv. Idle

CARB currently has an idle test procedure and accompanying standard of 30 g/h of NOx for
diesel engines to be “Clean Idle Certified”.?* In the Omnibus rule the CARB lowered the NOx
standard to 10 g/h for MY 2024 to MY 2026 engines and 5 g/h for MY 2027 and beyond. In the
ANPR, we requested comment on the need or appropriateness of setting a federal idle standard
for diesel engines. We received comments supporting action by EPA to adopt California's Clean
Idle NOx standard as a voluntary emission standard for federal certification.>** For proposed
Option 1 we are proposing an optional idle standard in 40 CFR 1036.104(b) and a new test

procedure in 40 CFR 1036.514, based on CARB's test procedure,*? to allow compression-

32313 CCR 1956.8 (a)(6)(C) — Optional NOy idling emission standard.

324 See comments from CARB, Volvo, and Union of Concerned Scientists, and Eaton. Docket ID: EPA-HQ-OAR-
2019-0055-0463

32586.1360-2007.B.4, California Exhaust Emission Standards and Test Procedures for 2004 and Subsequent Model
Heavy-Duty Diesel Engines and Vehicles, April 18, 2019.
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ignition engine manufacturers to voluntarily choose to certify (i.e., it would be optional for a
manufacturer to include the idle standard in an EPA certification but once included the idle
standard would become mandatory and full compliance would be required) to an idle NOx
standard of 30.0 g/hr for MY 2023, 10.0 g/hr for MY 2024 to MY 2026 and 5.0 g/hr for MY
2027 and beyond. As part of this optional idle standard, we are proposing to require that the
brake-specific HC, CO, and PM emissions during the Clean Idle test may not exceed measured
emission rates from the idle segments of the FTP or the idle mode in the SET, in addition to
meeting the applicable idle NOx standard.*?® For proposed Option 2 we are proposing an idle
NOx standard of 10.0 g/hr for MY 2027 and beyond. We request comment on whether EPA
should make the idle standards mandatory instead of voluntary for MY 2027 and beyond, as well
as whether EPA should set clean idle standards for HC, CO, and PM emissions (in g/hr) rather
than capping the idle emissions for those pollutants based on the measured emission levels
during the idle segments of the FTP or the idle mode in the SET. We request comment on the
need for EPA to define a label that would be put on the vehicles that are certified to the optional
idle standard.
v. Powertrain

EPA recently finalized a separate rulemaking that included an option for manufacturers to
certify a hybrid powertrain to the FTP and SET greenhouse gas engine standards by using a
powertrain test procedure (86 FR 34321, June 29, 2021).3?” In this rulemaking, we similarly
propose to allow manufacturers to certify hybrid powertrains, BEVs, and FCEVs to criteria

pollutant emissions standards by using the powertrain test procedure. In this section we describe

326 See 40 CFR 1036.104(b)
327 The powertrain test procedure was established in the GHG Phase 1 rulemaking but the recent rulemaking
included adjustments to apply the test procedure to the engine test cycles.
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how manufacturers could apply the powertrain test procedure to certify hybrid powertrains, and,
separately, BEVs or FCEVs.
a. Development of Powertrain Test Procedures

Powertrain testing allows manufacturers to demonstrate emission benefits that cannot be
captured by testing an engine alone on a dynamometer. For hybrid engines and powertrains,
powertrain testing captures when the engine operates less or at lower power levels due to the use
of the hybrid powertrain function; for BEVs and FCEVs powertrain testing allows the collection
of data on work produced, energy used and other parameters that would normally be collected
for an engine during a dynamometer test. However, powertrain testing requires the translation of
an engine test procedure to a powertrain test procedure. Chapter 2 of the draft RIA describes how
we translated the FTP, proposed SET for criteria pollutants, and proposed LLC engine test cycles
to the proposed powertrain test cycles.??® The two primary goals of this process were to make
sure that the powertrain version of each test cycle was equivalent to each respective engine test
cycle in terms of positive power demand versus time and that the powertrain test cycle had
appropriate levels of negative power demand. To achieve this goal, over 40 engine torque curves
were used to create the powertrain test cycles. We request comment on ways to further improve
the proposed powertrain test procedures, including approaches to apply the proposed procedures
to powertrains that include a transmission as part of the certified configuration to make the idle
accessory load more representative.

b. Testing Hybrid Engines and Hybrid Powertrains

328 As discussed in Section II1.B.1, as part of the technical amendments rulemaking, EPA allowed the powertrain test
procedure to be used for GHG emission standards on the FTP and SET engine-based test cycles. In this rulemaking
we are proposing to allow the powertrain test procedure to be used for criteria emission standards on these test
cycles and the proposed LLC. As discussed in Section 2.ii, we are proposing new weighting factors for the engine-
based SET procedure for criteria pollutant emissions, which would be reflected in the SET powertrain test cycle.
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As noted in the introduction of this Section III, we are proposing to clarify in 40 CFR
1036.101 that manufacturers may optionally test the hybrid engine and hybrid powertrain to
demonstrate compliance. We propose that the powertrain test procedures specified in 40 CFR
1036.505 and 1036.510, which were previously developed for demonstrating compliance with
GHG emission standards on the SET and FTP test cycles, are applicable for demonstrating
compliance with criteria pollutant standards on the SET and FTP test cycles. In addition, for
GHG emission standards we are proposing updates to 40 CFR 1036.505 and 1036.510 to further
clarify how to carry out the test procedure for plug-in hybrids. We have done additional work
for this rulemaking to translate the proposed LLC to a powertrain test procedure, and we are
proposing that manufacturers could similarly certify hybrid engines and hybrid powertrains to
criteria pollutant emission standards on the proposed LLC using the proposed test procedures
defined in 40 CFR 1036.512.

We thus propose to allow manufacturers to use the powertrain test procedures to certify
hybrid engine and powertrain configurations to all MY 2027 and later criteria pollutant engine
standards. We also propose to allow manufacturers to begin using powertrain test procedures to
certify hybrid configurations to criteria pollutant standards in MY 2023. Manufacturers could
choose to use either the SET duty-cycle in 40 CFR 86.1362 or the proposed SET in 40 CFR
1036.505 in model years prior to 2027.32%:330

We are proposing to allow these procedures starting in MY 2023 for plug-in hybrids and, to

maintain consistency with the requirements for LD plug-in hybrids, we are proposing that the

329 We proposing to allow either the SET duty-cycle in 40 CFR 86.1362 or 40 CFR 1036.505 because the duty
cycles are similar and as shown in Chapter 3.1.2 of the Draft RIA the criteria pollutant emissions level of current
production engines is similar between the two cycles.

330 Prior to MY 2027, only manufacturers choosing to participate in the Early Adoption Incentive Program would
need to conduct LLC powertrain testing (see Section [V.H for details on the Early Adoption Incentive Program).
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applicable criteria pollutant standards must be met under the worst case condition, which is
achieved by testing and evaluating emission under both charge depleting and charge sustaining
operation. This is to ensure that under all drive cycles the powertrain meets the criteria pollutant
standards and is not based on an assumed amount of zero emissions range. We are proposing
changes to the test procedures defined in 40 CFR 1036.505 and 1036.510 to clarify how to
weight together the charge depleting and charge sustaining greenhouse gas emissions for
determining the greenhouse gas emissions of plug-in hybrids for the FTP and SET duty cycles.
This weighting would be done using an application specific utility factor curve that is approved
by EPA. We are also proposing to not apply the cold and hot weighting factors for the
determination of the FTP composite emission result for greenhouse gas pollutants because the
charge depleting and sustaining test procedures proposed in 40 CFR 1036.510 include both cold
and hot start emissions by running repeat FTP cycles back-to-back. By running back-to-back
FTPs, the proposed test procedure captures both cold and hot emissions and their relative
contribution to daily greenhouse gas emissions per unit work, removing the need for weighting
the cold and hot emissions. We request comment on our proposed approach to the FTP duty
cycle for plug-in hybrids and the proposed approach to the determination of the FTP composite
emissions result, including whether EPA should instead include cold and hot weighting factors
for the latter. If you comment that EPA should include the cold and hot weighting factors, we
request that you also include an example of how these calculations would be carried out with
such an approach (how the calculations would include both the weighting of charge sustaining
and charge depleting emissions in conjunction with the weighting of the cold and hot emissions

results).
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We propose to limit this test procedure to hybrid powertrains to avoid having two different
testing pathways for non-hybrid engines for the same standards. On the other hand, there may be
other technologies where the emissions performance is not reflected on the engine test
procedures, so we request comment on whether this test procedure should be available to other
powertrains, and if so how to define those powertrains.

Finally, for all pollutants, we request comment on if we should remove 40 CFR 1037.551 or
limit the use of it to only selective enforcement audits (SEA). 40 CFR 1037.551 was added as
part of the Heavy-Duty Phase 2 GHG rulemaking to provide flexibility for an SEA or a
confirmatory test, by allowing just the engine of the powertrain to be tested. Allowing just the
engine to be tested over the engine speed and torque cycle that was recorded during the
powertrain test enables the testing to be conducted in more widely available engine
dynamometer test cells, but this flexibility could increase the variability of the test results. If you
submit comment in support of removing or limiting the use of 40 CFR 1037.551 to just SEA, we
request that you include data supporting your comment.

c. Testing Battery-Electric and Fuel Cell Electric Vehicles

As noted in the introduction to this Section III, and detailed in Section I'V.I, we are proposing
to recognize the zero tailpipe emission benefits of BEV and FCEV technologies by allowing
manufacturers to generate NOx emission credits with these technologies.**! We are further
proposing that manufacturers who choose to generate NOx emission credits from BEVs or

FCEVs would be required to conduct testing to measure work produced over a defined duty-

31 See Section IV.I, proposed 40 CFR 1037.616, and proposed 40 CFR 1036.741 for details on the proposed NOx
emission credits for BEVs and FCEVs. Briefly, manufacturers would generate vehicle emissions credits, which
would then be fungible between vehicle and engine certification programs, such that NOx credits generated through
the vehicle program could be applied to the proposed engine ABT program described in Section IV.G and specified
in proposed 40 CFR 1036.705.
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cycle test, and either useable battery energy (UBE) for BEVs or fuel cell voltage (FCV) for
FCEVs (see Section IV.I for details).

To conduct the testing necessary for generating NOx emission credits from BEVs or FCEVs,
we are proposing that manufacturers would use the powertrain test procedures for the FTP,
proposed SET and proposed LLC. Specifically, for BEVs, manufacturers would run a series of
powertrain FTP, SET and LLC tests over a defined sequence referred to as a “Multicycle Test”
(MCT), which is specified in proposed 40 CFR 1037.552. For FCEVs, manufacturers would
operate the powertrain over an FTP, SET, and LLC and determine the average fuel cell voltage
(FCV) by taking the average of the FCV when the fuel cell current is between 55 percent and 65
percent of rated fuel cell current, as specified in proposed 40 CFR 1037.554.3%

The MCT for BEVs consists of a fixed number of dynamic drive cycles combined with
constant-speed driving phases. The heavy-duty transient cycle (HDTC) described in current 40
CFR 1036.510(a)(4), LLC described in proposed 40 CFR 1036.512, and SET described in
proposed 40 CFR 1036.505 are used to determine the energy consumption associated with
specific and established driving patterns. These dynamic drive cycles make up a combined 57.92
miles of driving distance. The constant speed cycles (CSC), which are located in the middle and
the end of the test, are intended to: reduce test duration by depleting the battery more rapidly
than the established certification drive schedules; improve the robustness of the energy
determination by minimizing the impact of drive style variation; and prevent inconsistent

triggering of end-of-test criteria that can occur at high power-demand points when a BEV is

following a dynamic drive schedule at low states-of-charge.

332 The MCT for BEVs (specified in 40 CFR 1037.552) and FCEVs (specified in 40 CFR 1037.554) use the same
foundational powertrain test procedures for the FTP, SET, and LLC test cycles; however, the MCT for BEVs
includes additional iterations of the test cycles that are needed to deplete the battery and measure UBE, while the
MCT for FCEVs includes the measurement of FCV, rather than UBE.
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The CSC middle phase is located after the initial run through two HDTCs, one LLC, and one
SET. This CSC depletes the battery and allows determination of the vehicle’s performance on
the HDTC, LLC, and SET for both high and low states of charge. The distance traveled during
the CSC middle phase that is determined by this procedure ensures that the second run through
two HDTCs, one LLC, and one SET is conducted at a substantially lower state of charge. The
target distance traveled over the CSC end phase is 20 percent or less of the total driven distance
for the combined initial and second runs through the HDTC, LLC, or SET cycles.

The MCT for FCEVs consists of running a powertrain on the FTP, LLC, and SET to
determine the FCV when the fuel cell current (FCC) is between 55 percent and 65 percent of
rated FCC. Work is also measured during the second HDTC in the FTP and used in the
determination of the FCEV conversion factor (CF) value for credit generation in proposed 40
CFR 1037.616.

We request comment on our proposed approach to powertrain testing for BEVs and FCEVs,
and specifically whether any modifications of the FTP, SET and LLC powertrain test cycles
would be needed for BEVs and FCEVs. We further request comment on whether the MCT, as
defined in proposed 40 CFR 1037.552, would require modifications to accurately measure work
produced over the FTP cycle or the measure of UBE. We request comment on whether the
procedure in proposed 40 CFR 1037.554 is appropriate for determining FCV. Finally, we request
comment on if current 40 CFR 1036.527 should be used to determine rated FCC.

vi. Closed Crankcase

During combustion, gases can leak past the piston rings sealing the cylinder and into the

crankcase. These gases are called blowby gases and generally include unburned fuel and other

combustion products. Blowby gases that escape from the crankcase are considered crankcase
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emissions (see 40 CFR 86.402-78). Current regulations restrict the discharge of crankcase
emissions directly into the ambient air. Blowby gases from gasoline engine crankcases have been
controlled for many years by sealing the crankcase and routing the gases into the intake air
through a positive crankcase ventilation (PCV) valve. However, in the past there have been
concerns about applying a similar technology for diesel engines. For example, high PM
emissions venting into the intake system could foul turbocharger compressors. As a result of this
concern, diesel-fueled and other compression-ignition engines equipped with turbochargers (or
other equipment) were not required to have sealed crankcases (see 40 CFR 86.007-11(c)). For
these engines, manufacturers are allowed to vent the crankcase emissions to ambient air as long
as they are measured and added to the exhaust emissions during all emission testing to ensure
compliance with the emission standards.

Because all new highway heavy-duty diesel engines on the market today are equipped with
turbochargers, they are not required to have closed crankcases under the current regulations.
Manufacturer compliance data indicate approximately one-third of current highway heavy-duty
diesel engines have closed crankcases, indicating that some heavy-duty engine manufacturers
have developed systems for controlling crankcase emissions that do not negatively impact the
turbocharger. EPA is proposing provisions in 40 CFR 1036.115(a) to require a closed crankcase
ventilation system for all highway compression-ignition engines to prevent crankcase emissions
from being emitted directly to the atmosphere starting for MY 2027 engines.?** These emissions
could be routed upstream of the aftertreatment system or back into the intake system. Unlike

many other standards, this standard is a design standard rather than a performance standard.

333 We are proposing to move the current crankcase emissions provisions to a new paragraph (u) in the interim
provisions of 40 CFR 1036.150, which would apply through model year 2026.

184



Our reasons for proposing a requirement for closed crankcases are twofold. While the
exception in the current regulations for certain compression-ignition engines requires
manufacturers to quantify their engines’ crankcase emissions during certification, they report
non-methane hydrocarbons in lieu of total hydrocarbons. As a result, methane emissions from
the crankcase are not quantified. Methane emissions from diesel-fueled engines are generally
low; however, they are a concern for compression-ignition-certified natural gas-fueled heavy-
duty engines because the blowby gases from these engines have a higher potential to include
methane emissions. EPA proposed to require that all natural gas-fueled engines have closed
crankcases in the Heavy-Duty Phase 2 GHG rulemaking, but opted to wait to finalize any
updates to regulations in a future rulemaking, where we could then propose to apply these
requirements to natural gas-fueled engines and to the diesel fueled engines that many of the
natural gas-fueled engines are based off of (81 FR 73571, October 25, 2016).

In addition to our concern of unquantified methane emissions, we believe another benefit to
closed crankcases would be better in-use durability. We know that the performance of piston
seals reduces as the engine ages, which would allow more blowby gases and could increase
crankcase emissions. While crankcase emissions are included in the durability tests that estimate
an engine’s deterioration, those tests were not designed to capture the deterioration of the
crankcase. These unquantified age impacts continue throughout the operational life of the engine.
Closing crankcases could be a means to ensure those emissions are addressed long-term to the
same extent as other exhaust emissions.

Chapter 1.1.4 of the draft RIA describes EPA's recent test program to evaluate the emissions
from open crankcase systems on two modern heavy-duty diesel engines. Results suggest THC

and CO emitted from the crankcase can be a notable fraction of overall tailpipe emissions. By
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closing the crankcase, those emissions would be rerouted to the engine or aftertreatment system
to ensure emission control.
3. Feasibility of the Diesel (Compression-Ignition) Engine Standards
1. Summary of Technologies Considered

Our proposed Options 1 and 2 standards for compression-ignition engines are based on the
performance of technology packages described in Chapters 1 and 3 of the draft RIA for this
rulemaking. Specifically, we are evaluating the performance of next-generation catalyst
formulations in a dual SCR catalyst configuration with a smaller SCR catalyst as the first
substrate in the aftertreatment system for improved low-temperature performance, and a larger
SCR catalyst downstream of the diesel particulate filter to improve NOx conversion efficiency
during high power operation and to allow for passive regeneration of the particulate filter.3>*
Additionally, the technology package includes CDA that reduces the number of active cylinders,
resulting in increased exhaust temperatures for improved catalyst performance under light-load
conditions and can be used to reduce fuel consumption and CO2 emissions. The technology
package also includes the use of a heated DEF injector for the upfront SCR catalyst; the heated
DEEF injector allows DEF injection at temperatures as low as approximately 140°C. The heated
DEF injector also improves the mixing of DEF and exhaust gas within a shorter distance than
with unheated DEF injectors, which enables the aftertreatment system to be packaged in a
smaller space. Finally, the technology package includes hardware needed to close the crankcase
of diesel engines.
i1. Summary of Feasibility Analysis

a. Projected Technology Package Effectiveness and Cost

334 As described in Chapter 3 of the draft RIA, we are evaluating 3 different aftertreatment systems that contain
different catalyst formulation.
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Based upon preliminary data from EPA's diesel demonstration research and the CARB
Heavy-duty Low NOx Stage 3 Research Program (see Chapter 3.1.1.1 and Chapter 3.1.3.1 of the
draft RIA), Heavy HDE NOx reductions of 90 percent from current NOx standards are
technologically feasible when using CDA or other valvetrain-related air control strategies in
combination with dual SCR systems. EPA has continued to evaluate aftertreatment system
durability via accelerated aging of advanced emissions control systems as part of EPA's diesel
engine demonstration program that is described in Chapter 3 of the draft RIA. In assessing the
feasibility of our proposed standards, we have taken into consideration the proposed level of the
standards, the additional emissions from infrequent regenerations, the proposed longer useful
life, and lead time for manufacturers.

Manufacturers are required to design engines that meet the duty cycle and off-cycle standards
throughout their useful life. In recognition that emissions performance will degrade over time,
manufacturers design their engines to perform significantly better than the standards when first
sold to ensure that the emissions are below the standard throughout useful life even as the
emissions controls deteriorate. As discussed below and in Chapter 3 of the draft RIA,
manufacturer margins can range from less than 25 percent to 100 percent of the FEL. For Option
1, for Heavy HDEs that have the longest proposed useful life, we are proposing intermediate
useful life standards that ensure that engines do not degrade in performance down to the duty
cycle and off-cycle standards too quickly and allow for an intermediate check on emissions
performance deterioration over the useful life.

To assess the feasibility of the proposed Option 1 MY 2031 standards for heavy HDE at the
IUL of 435,000 miles, the data from the EPA Stage 3 engine was used. As discussed in Section

II1.B.2 the EPA Stage 3 engine includes improvements beyond the CARB Stage 3 engine,
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namely replacing the zone-coated catalyzed soot filter with a separate DOC and DPF and
improving the mixing of the DEF with exhaust for the downstream SCR. These improvements
lowered the emissions on the FTP, SET and LLC below what was measured with the CARB
Stage 3 engine. The emissions for the EPA Stage 3 engine on the FTP, SET and LLC aged to an
equivalent of 435,000 and 600,000 miles are shown in Table III-7 and Table III-8. To assess the
feasibility of the proposed Option 1 NOx standards for MY 2027 and MY 2031 for Heavy HDE
at the respective proposed Option 1 useful life periods, the data from the EPA Stage 3 engine
was used. The data from the EPA Stage 3 engine was used because it included emission
performance with the aftertreatment at the equivalent age of 435,000 and 600,000 miles. Having
data at multiple points allowed us to use linear regression to project out the performance of the
EPA Stage 3 engine at 800,000 miles.>* To account for the IRAF for both particulate matter
and sulfur on the aftertreatment system, we relied on an analysis by SWRI that is summarized in
Chapter 3 of the draft RIA. In this analysis SWRI determined the IRAF at 2 mg/hp-hr for both the
FTP and SET cycles and 5 mg/hp-hr for the LLC. Based on our analysis, the proposed Option 1
MY 2027 and MY 2031 emissions standards for Heavy HDE are feasible at the respective
proposed useful life periods. To provide for additional margin, in our technology cost analysis
we increased the SCR catalyst volume from what was used on the EPA and CARB Stage 3
engine. The increase in total SCR catalyst volume relative to the EPA and CARB Stage 3 SCR
was approximately 23.8 percent. We believe this further supports our conclusion that the
proposed Option 1 standards are achievable for the proposed useful life of 800,000 miles for MY
2031 Heavy HDE. In addition to NOx, the proposed Option 1 HC and CO standards are feasible

for CI engines on all three cycles. This is shown in Table III-7, where the demonstrated HC and

335 See Chapter 3.1.3 of the draft RIA for our analysis on projecting emissions performance beyond 600,000 miles.
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CO emissions results are below the proposed Option 1 standards discussed in Section II1.B.2.
The proposed Option 1 standards for PM of 5 mg/hp-hr for the FTP, SET and LLC, continue to
be feasible with the additional technology and control strategies needed to meet the proposed
Option 1 NOx standards, as seen by the PM emissions results in Table III-7 below. As discussed
in Section III.B.2, taking into account measurement variability of the PM measurement test
procedure, we believe that PM emissions from current diesel engines are at the lowest feasible
level for MY 2027 and later engines. We request comment on whether 5 mg/hp-hr provides
enough margin for particular engine designs or for any of the duty cycles (FTP, SET, or LLC).
For example, would 6 or 7 mg/hp-hr be a more appropriate standard for the LLC to maintain
current PM emissions levels while providing enough margin to account for the measurement
variability of the PM measurement test procedure. In addition, we request comment on if there
are technologies that EPA could consider that would enable a PM standard lower than 5 mg/hp-
hr. Commenters requesting a higher standard are encouraged to provide data supporting such
comments.

Table III-7 Stage 3 engine emissions at 435,000 mile equivalent test point without adjustments for IRAF

Duty Cycle | NOx PM NMHC CO COs N2O
(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr)
FTP 20 2 12 0.141 514 0.076
SET? 17 1 1 0.030 455 0.024
LLC 29 3 35 0.245 617 0.132

2 Using the weighting factors in our proposed test procedures (40 CFR 1036.505).

Table III-8 Stage 3 engine emissions at 600,000 mile equivalent test point without adjustments for IRAF

Duty Cycle | NOx PM NMHC CO CO, N>O
(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr)
FTP 27 1 9 0.144 519 0.058
SET ® 24 1 1 0.015 460 0.030
LLC 33 4 16 0.153 623 0.064

2 Using the weighting factors in our proposed test procedures (40 CFR 1036.505).
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As additional data is received from the EPA led demonstration project, the demonstration data
will inform whether the proposed Option 1 IUL standards for MY 2031 are needed. For
example, if the demonstration data shows much lower emissions for the first half of useful life
than for the second half of useful life, then this would confirm our assumption that the proposed
Option 1 IUL standard would ensure that the emission reductions during the earlier portion of an
engine’s useful life are achieved, while preserving sufficient margin for deterioration during the
second half of useful life. On the other hand, if we find that the emissions values are relatively
constant through useful life, this may support that an IUL standard may not be needed. This data
will also inform whether the proposed Option 1 IUL standard of 20 mg/hp-hr at 435,000 miles is
appropriate for Heavy HDE in MY 2031 and whether an IUL standard is also needed for MY
2027 to account for deterioration out to the proposed Option 1 600,000-mile useful life for MY
2027.

Our analysis also shows that the proposed Option 2 standards could be met starting in MY
2027 with CDA and dual-SCR with heated dosing (see draft RIA Chapter 3 for details of our
analysis) as shown in Table III-7. The proposed Option 2 includes a higher (less stringent) NOx
emission level for all CI engine classes over the FTP and SET compared to either step of our
proposed Option 1 NOx FTP and SET standards. The FTP and SET standards in proposed
Option 2 for PM, HC, and CO are numerically equivalent to our proposed Option 1 MY 2031
standards. As shown in Table III-7, we currently have data demonstrating that the proposed
Option 2 standards could be met out to 600,000 miles. These data show the proposed Option 2
standards are feasible through the proposed Option 2 useful life periods for Light HDE, Medium
HDEs. Our evaluation of the current data suggests that the proposed Option 2 standards would

also be feasible out to the proposed Option 2 Heavy HDE useful life; we are continuing to collect
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data to confirm our extrapolation of data out to the longer useful life mileage. As discussed in
Section IV.A, useful life mileages for proposed Option 2 are higher than our MY 2027 proposed
useful life, but lower than our proposed Option 2 useful life values for MY 2031.

In addition to evaluating the feasibility of the new criteria pollutant standards, we also
evaluated how CO2 was impacted on the CARB Stage 3 engine. To do this we evaluated how
CO: emissions changed from the base engine on the FTP, SET, and LLC, as well as the fuel
mapping test procedures defined in 40 CFR 1036.535 and 1036.540. For all three cycles the
Stage 3 engine emitted CO2 with no measurable difference compared to the base 2017 Cummins
X15 engine. Specifically, we compared the CARB Stage 3 engine including the 0-hour
(degreened) aftertreatment with the 2017 Cummins X15 engine including degreened
aftertreatment and found the percent reduction in CO2 for the FTP, SET and LLC, was 1, 0 and 1
percent respectively.’*® We note that after this data was taken SWRI made changes to the
thermal management strategies of the CARB Stage 3 engine to improve NOx reduction at low
SCR temperatures. The data from the EPA Stage 3 engine at the equivalent age of 435,000 miles
includes these calibration changes, and although there was an increase in COz, which resulted in
the CO2 emissions for the EPA Stage 3 engine being higher than the 2017 Cummins X15 engine
for the FTP, SET and LLC of 0.6, 0.7 and 1.3 percent respectively, this was not a direct
comparison because the 2017 Cummins X15 aftertreatment had not been aged to an equivalent of
435,000 miles. As discussed in Chapter 3 of the draft RIA, aging the EPA Stage 3 engine
included exposing the aftertreatment to ash, that increased the back pressure on the engine,
which contributed to the increase in CO2 emissions from the EPA Stage 3. To evaluate how the

technology on the CARB Stage 3 engine compares to the 2017 Cummins X 15 with respect to the

336 See Chapter 3 of the draft RIA for the CO, emissions of the 2017 Cummins X15 engine and the CARB Stage 3
engine
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HD GHG Phase 2 vehicle CO2 standards, both engines were tested on the fuel mapping test
procedures defined in 40 CFR 1036.535 and 1036.540. These test procedures define how to
collect the fuel consumption data from the engine for use in GEM. For these tests the CARB
Stage 3 engine was tested with the development aged aftertreatment.*’ The fuel maps from
these tests were run in GEM and the results from this analysis showed that the Stage 3 engine
emitted COz at the same rate as the 2017 Cummins X15. The details of this analysis are
described in Chapter 3.1 of the draft RIA. The technologies included in the EPA demonstration
engine were selected to both demonstrate the lowest criteria pollutant emissions and have a
negligible effect on GHG emissions. Manufactures may choose to use other technologies to
meet the proposed standards, but manufacturers will still also need to comply with the GHG
standards that apply under HD GHG Phase 2.3*® Because of this we have not projected an
increase in GHG emissions resulting from compliance with the proposed standards.

Table I1I-9 summarizes the incremental technology costs for the proposed Options 1 and 2
standards, from the baseline costs shown in Table I1I-13. While the standards vary between the
proposed Option 1 and the proposed Option 2 standards, we are evaluating the same technologies
to assess the feasibility of the two sets of standards. These values include aftertreatment system
and CDA costs. The details of this analysis can be found in Chapter 3 of the draft RIA.
Differences in the useful life and warranty periods between the proposed Options 1 and 2 are

accounted for in the indirect costs as discussed in Chapter 7.1.2 of the draft RIA.3°

337 The CARB Stage 3 0 hour (degreened) aftertreatment could not be used for these tests, because it had already
been aged past the 0 hour point when these tests were conducted.

338 As explained in Section XI, EPA is also proposing targeted updates to the Phase 2 Heavy-Duty Greenhouse Gas
Emissions program.

339 See Table 111-3 for the proposed useful life values and Section IV.B.1 for the proposed emissions warranty
periods for each option.
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Table I11-9 Incremental direct manufacturing cost (2019 $) of proposed Options 1 and 2 standards for the
aftertreatment and CDA technology

Light HDE Medium HDE Heavy HDE Urban Bus
$1,685 $1,648 $2,266 $1,684

As described in Chapter 3.1 of the draft RIA, we have estimated the incremental technology
cost for closed crankcase filtration systems for all CI engines to be $37 (2017 $), noting that
these technologies are on some engines available in the market today.

b. Baseline Emissions and Cost

The basis for our baseline technology assessment is the data provided by manufacturers in the
heavy-duty in-use testing program. This data encompasses in-use operation from nearly 300
LHD, MHD, and HHD vehicles. Chapter 5 of the draft RIA describes how the data was used to
update the MOVES model emissions rates for HD diesel engines. Chapter 3 of the draft RIA
summarizes the in-use emissions performance of these engines.

We also evaluated the certification data submitted to the agency. The data includes test
results adjusted for IRAF and FEL that includes adjustments for deterioration and margin. The
certification data, summarized in Table III-10, shows that manufacturers vary in their approach
to how much margin is built into the FEL. Some manufactures have greater than 100 percent

margin built into the FEL, while other manufacturers have less than 25 percent.

Table III-10 Summary of certification data for FTP cycle

NOx PM NMHC | CO N>O

(g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr)
Average | 0.13 0.00 0.01 0.18 0.07
Minimum | 0.05 0.00 0.00 0.00 0.04
Maximum | 0.18 0.00 0.04 1.10 0.11
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Table I1I-11 Summary of certification data for SET cycle

NOx PM NMHC | CO N>O
(g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr) | (g/hp-hr)
Average | 0.11 0.00 0.01 0.00 0.06
Minimum | 0.00 0.00 0.00 0.00 0.00
Maximum | 0.18 0.00 0.04 0.20 0.11

In addition to analyzing the on-cycle certification data submitted by manufacturers, we tested
three modern HD diesel engines on an engine dynamometer and analyzed the data. These
engines were a 2018 Cummins B6.7, 2018 Detroit DD15 and 2018 Navistar A26. These engines
were tested on cycles that range in power demand from the creep mode of the Heavy Heavy-
Duty Diesel Truck (HHDDT) schedule to the HD SET cycle defined in 40 CFR 1036.505. Table
I11-12 summarizes the range of results from these engines on the FTP, SET and LLC. As
described in Chapter 3 of the draft RIA, the emissions of current production Heavy-Duty engines
vary from engine to engine but the largest difference in NOx between engines is seen on the
LLC.

Table III-12 Range of NOx emissions from MY2017 to MY2019 heavy-duty diesel engines.

NOx FTP Composite | SET in SET in LLC
(g/hp-hr) 40 CFR 86.1333 | 40 CFR 1036.505

Minimum | 0.10 0.01 0.01 0.35
Maximum | 0.15 0.12 0.05 0.81
Average 0.13 0.06 0.03 0.59

Table III-13 summarizes the baseline sales-weighted total aftertreatment cost of Light HDE,
Medium HDE, Heavy HDE and urban bus engines. The details of this analysis can be found in

Chapter 3 of the draft RIA.

Table III-13 Baseline direct manufacturing aftertreatment cost (2019 §)

Light HDE

Medium HDE

Heavy HDE

Urban Bus

$ 2,804

§ 2,877

$ 4,587

$ 2,929
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4. Potential Alternative

We evaluated one alternative (the Alternative) to our proposed HD CI exhaust emission
standards (summarized in Table I1I-14, Table III-15, and Table III-16). As discussed in this
section and based on information we have collected to date, we do not project that the
Alternative standards are feasible in the MY 2027 timeframe with the technology we have
evaluated (Table I1I-9).

The Alternative we considered includes lower (more stringent) numeric NOx emission levels
for Heavy HDEs, and lower HC emission levels for all CI engine classes, combined with longer
useful life periods and shorter lead time compared to the proposed Option 1 MY 2031 standards.
As shown in Table III-7, the test data we currently have from the EPA Stage 3 engine is not
sufficient to conclude that the Alternative standards would be feasible in the MY 2027
timeframe. Specifically, our data suggest that the numeric level of the FTP and SET NOx
emission standards would be very challenging to meet through 435,000 miles (see draft RIA
Chapter 3.1). For Light HDEs and Medium HDEs, these data suggest that to meet the
combination of numeric levels of the NOx emission standards and useful life periods of the
Alternative, it may be appropriate for EPA to consider providing manufacturers with additional
lead time, beyond the MY 2027 implementation date of the Alternative. For Heavy HDEs, our
extrapolation of the data from 600,000 miles through the 850,000 miles useful life period of the
Alternative suggests that the numeric level of the NOx emission control in the Alternative could
not be maintained through the Alternative useful life period (see draft RIA Chapter 3.1 for details
on available data and our evaluation). Wholly different emission control technologies than we
have evaluated to date (i.e., not based on CDA and a dual SCR) would be needed to meet the

Alternative standards for Heavy HDEs; we request comment on this conclusion and on the
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availability, or potential development and timeline, of such additional technologies. We also note

that the Alternative is significantly more stringent than the CARB Omnibus because of the

combination of numeric level of the NOx emission standards and useful life periods in the

Alternative compared to the CARB Omnibus. Specifically, for heavy HDEs, the Alternative

includes a 20 mg/hp-hr standard at a useful life of 850,000 miles, whereas for MY's 2027 through

2030 the CARB Omnibus includes a 20 mg/hp-hr standard at 435,000 miles and a 35 mg/hp-hr

standard at 600,000 miles for heavy HDEs. Thus, the heavy HDE useful life period of the

Alternative is substantially longer than the CARB Omnibus useful life periods that start in MY

2027, particularly when comparing the useful life period for the 20 mg/hp-hr standard. Starting

in MY 2031, the CARB Omnibus NOx standard for heavy HDEs is 40 mg/hp-hr at a useful life

of 800,000 miles, which is again a higher numeric level of the standard at a shorter useful life

than the Alternative.

Table II1-14 Proposed and alternative compression-ignition engine standards for the FTP test procedure

Model Year Primary Intended NOx PM HC Cco
Service Class (mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)
Proposed | 2027-2030 All HD Engines 35 5 60 6.0
Option 1 2031 and later | Light HDE and Medium 20 5 40 6.0
HDE
2031 and later | Heavy HDE 40° 5 40 6.0
Proposed | 2027 and later | All HD Engines 50 5 40 6.0
Option 2
Alternative | 2027 and later | All HD Engines 20 5 10 6.0

2 Proposed Option 1 MY 2031 and later [IUL NOx standard for Heavy HDE is 20 mg/hp-hr.

Table III-15 Proposed and alternative compression-ignition engine standards for the SET test procedure

Model Year Primary Intended NOx PM HC Cco
Service Class (mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed 2027-2030 All HD Engines 35 5 60 6.0
Option 1 2031 and later | Light HDE and Medium HDE | 20 5 40 6.0

2031 and later | Heavy HDE 40° 5 40 6.0
Proposed 2027 and later | All HD Engines 50 5 40 6.0
Option 2
Alternative | 2027 and later | All HD Engines 20 5 10 6.0

2 Proposed Option 1 MY 2031 and later [IUL NOx standard for Heavy HDE is 20 mg/hp-hr.
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Table III-16 Proposed and alternative compression-ignition engine standards for the LLC test procedure

Model Year Primary Intended NOx PM HC CcO
Service Class (mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed 2027-2030 All HD Engines 90 5 140 6.0
Option 1 2031 and later Light HDE and Medium HDE | 50 5 60 6.0

2031 and later Heavy HDE 100? 5 60 6.0
Proposed 2027 and later All HD Engines 100 5 60 6.0
Option 2
Alternative | 2027 and later All HD Engines 100 5 60 6.0

4 Proposed Option 1 MY 2031 and later IUL NOx standard for Heavy HDE is 50 mg/hp-hr.

For the optional idle NOx standard, the Alternative includes a standard of 10.0 g/hr for MY

2027 and beyond. The proposed Options 1 and 2 standards generally represent the range of

options, including the standards, regulatory useful life and emission-related warranty periods and

lead time provided, that we are currently considering in this rule, depending in part on any

additional information we receive on the feasibility, costs, and other impacts of the proposed

Options 1 and 2 standards. In order to consider adopting the Alternative in the final rule, we

would need additional data to project that the Alternative is feasible for the MY 2027 time frame.

As discussed in Section III.B.5, we are soliciting comment on the feasibility of the Alternative

and other alternatives outside the range of options covered by the proposed Options 1 and 2

standards.

5. Summary of Requests for Comment on the Stringency of the CI Duty Cycle Standards

We request comment on the following items related to the proposed CI duty cycle standards.

First, we request comment on the numeric value of each proposed, or alternative, standard for

each duty cycle and off-cycle emissions and the proposed Option 1 two step, or the proposed

Option 2 one step, approach and implementation timetable, as well as other standards or

approaches recommended by the commenter, within the approximate range of the proposed

Options 1 and 2 standards. We request comment, including relevant data and other information,

on the feasibility of the implementation model year, numeric levels of the emission standards,
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and useful life and warranty periods included in the Alternative, or other alternatives outside the
range of options covered by the proposed Options 1 and 2 standards. We request comment on if
a margin between the demonstrated emissions performance and the proposed standards should be
included and if so, we request comment on if a specific margin should be used and what that
value should be. Commenters requesting a specific margin are encouraged to provide data and
analysis to support the numeric value of the margin(s).

We request comment on whether a lower numeric standard for NOx should be set for the LLC
based on the emission levels achieved with the CARB Stage 3 engine or EPA Stage 3 engine.
We request comment on whether EPA should make the idle standards mandatory for MY 2027
and beyond. We request comment on whether the test procedures defined in 40 CFR 1036.522
for IRAF should be applied to the LLC or if alternative procedures should be considered. We
request comment on whether the proposed PM standards of 5 mg/hp-hr for the FTP, SET and
LLC provide enough margin to account for the measurement variability of the PM measurement
test procedure, while ensuring that the PM emissions from HD CI engines do not increase. We
are requesting comment on whether we should include HEV, BEV, and/or FCEV technologies in
our feasibility analysis for the final rule.

As discussed in Section III.B.2.v, EPA requests comment on the proposed powertrain test
procedure, including any additional requirements that are needed to ensure that the engine and
respective powertrain cycles are equivalent. We request comment on other improvements that
could be made specifically to make the idle accessory load more representative for powertrains
that include a transmission as part of the certified configuration. EPA requests comment on
whether the powertrain test procedure option is needed for specific non-hybrid powertrains

where the engine test procedure is not representative of in-use operation of the powertrain in a
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vehicle, and if so how should we define these powertrains so that the powertrain test option is
only available for these powertrains. We request comment on our proposed approach to
powertrain testing for BEVs and FCEVs, and specifically whether any modifications of the FTP,
SET and LLC powertrain test cycles would be needed for BEVs and FCEVs. We further request
comment on whether the MCT as defined in 40 CFR 1037.552 would require modifications to
accurately measure work produced over the FTP cycle or the measure of useable battery energy
(UBE). We request comment on whether the procedure in 40 CFR 1037.554 is appropriate for
determining fuel cell voltage (FCV). In addition, we request comment on if 40 CFR 1036.527
should be used to determine rated FCC.

Finally, we request comment on whether the standards should be expressed in units of
milligrams per kilowatt-hour, so that each value of the standards is in the international system of

units (SI units), as we have done for the HD nonroad and locomotive standards.
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C. Summary of Compression-Ignition Off-Cycle Standards and In-Use Test Procedures
1. Current NTE Standards and Need for Changes to Off-Cycle Test Procedures

Heavy-duty CI engines are currently subject to Not-To-Exceed (NTE) standards that are not
limited to specific test cycles, which means they can be evaluated not only in the laboratory but
also in-use. NTE standards and test procedures are generally referred to as "off-cycle" standards
and test procedures. These off-cycle emission limits are 1.5 (1.25 for CO) times the laboratory
certification standard or family emission limit (FEL) for NOx, HC, PM and CO and can be found
in 40 CFR 86.007-11. NTE standards have been successful in broadening the types of operation
for which manufacturers design their emission controls to remain effective, including steady
cruise operation. However, there remains significant operation not covered by NTE standards.

Compliance with an NTE standard is based on emission test data (whether collected in a
laboratory or in use) analyzed pursuant to 40 CFR 86.1370 to identify NTE events, which are
intervals of at least 30 seconds when engine speeds and loads remain in the NTE control area or
"NTE zone". The NTE zone excludes engine operation that falls below certain torque, power,
and speed values.**® The NTE procedure also excludes engine operation that occurs in certain
ambient conditions (i.e., high altitudes, high intake manifold humidity), or when aftertreatment
temperatures are below 250°C. Collected data is considered a valid NTE event if it occurs within
the NTE zone, lasts at least 30 seconds, and does not occur during any of the exclusion
conditions (ambient conditions, or aftertreatment temperature).

The purpose of the NTE test procedure is to measure emissions during engine operation
conditions that could reasonably be expected to occur during normal vehicle use; however, only

data in a valid NTE event is then compared to the NTE emission standard. Our analysis of

340 Specifically, engine operations are excluded if they fall below 30 percent of maximum torque, 30 percent of
maximum power, or 15 percent of the European Stationary Cycle speed.
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existing heavy-duty in-use vehicle test data indicates that less than ten percent of a typical time-
based dataset are part of valid NTE events, and hence subject to the NTE standards; the
remaining test data are excluded from consideration. We also found that emissions are high
during many of the excluded periods of operation, such as when the aftertreatment temperature
drops below the 250°C exclusion criterion. Our review of in-use data indicates that extended
time at low load and idle operation results in low aftertreatment temperatures, which in turn lead
to diesel engine SCR-based emission control systems not functioning over a significant fraction
of real-world operation.>*1342:343 Test data collected as part of EPA’s manufacturer-run in-use
testing program indicate that low-load operation could account for greater than 50 percent of the
NOx emissions from a vehicle over a given workday.**

For example, 96 percent of tests in response to 2014, 2015, and 2016 EPA in-use testing
orders passed with NOx emissions for valid NTE events well below the 0.3 g/hp-hr NOx NTE
standard. When we used the same data to calculate NOx emissions over all operation measured,
not limited to valid NTE events, the NOx emissions were more than double those within the
valid NTE events (0.5 g/hp-hr).3*> The results were even higher when we analyzed the data to

consider only NOx emissions that occur during low load events.

34 Hamady, Fakhri, Duncan, Alan. “A Comprehensive Study of Manufacturers In-Use Testing Data Collected from
Heavy-Duty Diesel Engines Using Portable Emissions Measurement System (PEMS)”. 29th CRC Real World
Emissions Workshop, March 10 -13, 2019.

342 Sandhu, Gurdas, et al. “Identifying Areas of High NOy Operation in Heavy-Duty Vehicles”. 28th CRC Real-
World Emissions Workshop, March 18-21, 2018.

343 Sandhu, Gurdas, et al. “In-Use Emission Rates for MY 2010+ Heavy-Duty Diesel Vehicles”. 27th CRC Real-
World Emissions Workshop, March 26-29, 2017.

344 Sandhu, Gurdas, et al. “Identifying Areas of High NO, Operation in Heavy-Duty Vehicles”. 28th CRC Real-
World Emissions Workshop, March 18-21, 2018.

3% Hamady, Fakhri, Duncan, Alan. “A Comprehensive Study of Manufacturers In-Use Testing Data Collected from
Heavy-Duty Diesel Engines Using Portable Emissions Measurement System (PEMS)”. 29th CRC Real World
Emissions Workshop, March 10 -13, 2019.
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EPA and others have compared the performance of US-certified engines and those certified to
European Union emission standards and concluded that the European engines’ NOx emissions
are lower in low-load conditions, but comparable to US-certified engines subject to MY 2010
standards under city and highway operation.>*® This suggests that manufacturers are responding
to the European certification standards by designing their emission controls to perform well
under low-load operations, as well as highway operations.

The European Union “Euro VI” emission standards for heavy-duty engines require
manufacturers to check for “in-service conformity” by operating their engines over a mix of
urban, rural, and motorway driving on prescribed routes using portable emission measurement
system (PEMS) equipment to measure emissions.**’>*8 Compliance is determined using a work-
based windows approach where emissions data are evaluated over segments or “windows.” A
window consists of consecutive 1 Hz data points that are summed until the engine performs an
amount of work equivalent to the European transient engine test cycle (World Harmonized
Transient Cycle).

EPA is proposing an approach similar to the European in-use program, with key distinctions
that build upon the Euro VI approach, as discussed below.

2. Proposed Off-Cycle Standards and Test Procedures

As described in Section III.C.1, our current NTE test procedures were not designed to capture

low-load operation. We are proposing to replace the NTE test procedures and standards (for

NOx, PM, HC and CO) for model year 2027 and later engines. Engine operation and emissions

346 Rodriguez, F.; Posada, F. “Future Heavy-Duty Emission Standards An Opportunity for International
Harmonization”. The International Council on Clean Transportation. November 2019. Available online:
https://theicct.org/sites/default/files/publications/Future%20 HDV standards opportunity 20191125.pdf.

347 COMMISSION REGULATION (EU) No 582/2011, May 25, 2011. Available online: https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02011R0582-20180118&from=EN.

348 COMMISSION REGULATION (EU) 2018/932, June 29, 2018. Available online: Attps.//eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32018R0932&from=EN.
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test data would be assessed in 300-second moving average windows (MAWSs) of continuous
engine operation.>*® In contrast to the current NTE approach that divides engine operation into
two categories (in the NTE zone and out of the NTE zone), the proposed approach would divide
engine operation into three categories (or “bins”) based on the time-weighted average engine
power of each MAW of engine data as described in more detail below.

Although the proposed program has similarities to the European approach, we are not
proposing to limit our standards to operation on prescribed routes. Our current NTE program is
not limited to prescribed routes and we would consider it an unnecessary step backward to
change that aspect of the procedure.

In Section IV.G, we discuss our proposed updates to the ABT program to account for our
proposal of unique off-cycle standards.

i. Bins

We are proposing two options of off-cycle standards for three bins of operation that cover the
range of operation included in the duty cycle test procedures and operation that is outside of the
duty cycle test procedures for each regulated pollutant (NOx, HC, CO, and PM). The three bins
represent three different domains of emission performance. The idle bin represents extended idle
operation and other very low load operation where engine exhaust temperatures may drop below
the optimal temperature for aftertreatment function. The medium/high load bin represents higher
power operation including much of the operation currently covered by the NTE. Operation in
the medium/high load bin naturally involves higher exhaust temperatures and catalyst
efficiencies. The low load bin represents intermediate operation and could include a large

fraction of urban driving. Because the proposed approach divides 300 second windows into bins

3% Our evaluation includes our current understanding that shorter windows are more sensitive to measurement
variability and longer windows make it difficult to distinguish between duty cycles.
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based on time-averaged engine power of the window, any of the bins could include some idle or
high power operation. Like the duty cycle standards, we believe that more than a single standard
is needed to apply to the entire range of operation that heavy-duty engines experience. A
numerical standard that would be technologically feasible under worst case conditions such as
idle would necessarily be much higher than the levels that are achievable when the aftertreatment
is functioning optimally. Similarly, since the low load bin will consist of operation either
between the idle and medium/high load bins or be an average of the operation in the two bins,
the work specific emissions of the low load bin will generally be lower than the idle bin and
higher than the medium/high load bin. Section III.C.2.iii includes the proposed Options land 2
off-cycle standards.

Given the challenges of measuring engine power directly in-use, we are proposing to use the
CO2 emission rate (grams per second) as a surrogate for engine power in defining the bins for an
engine. We are further proposing to normalize CO2 emission rates relative to the nominal
maximum COz rate of the engine. So, if an engine with a maximum CO2 emission rate of 50
g/sec was found to be emitting COz at a rate of 10 g/sec, its normalized CO2 emission rate would
be 20 percent. We are proposing that the maximum CO:z rate be defined as the engine’s rated
maximum power multiplied by the engine’s family certification level (FCL) for the FTP
certification cycle. We request comment on whether the maximum CO2 mass emission rate
should instead be determined from the steady-state fuel mapping procedure in 40 CFR 1036.535
or the torque mapping procedure defined in 40 CFR 1065.510. We propose the bins to be defined
as follows:

¢ Idle bin: 300 second windows with normalized average CO:z rate < 6 percent
e Low-load bin: 300 second windows with normalized average CO: rate > 6 percent and <
20 percent
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e Medium/high-load bin: 300 second windows with normalized average CO: rate > 20
percent

The proposed bin cut points of six and twenty percent are near the average power of the
proposed low-load cycle and the FTP, respectively. We request comment on whether the cut
points should be defined at different power levels or if other metrics should be used to define the
bins. We also request comment on whether it would be more appropriate to divide in-use
operation into two bins rather than three bins and, if so, what the cut point should be.

To ensure that there is adequate data in each of the bins to compare to the off-cycle standards,
we are proposing a minimum of 2,400 moving average windows per bin. We are proposing that
if during the first shift day each of the bins does not include at least 2,400 windows, then the
engine would need to be tested for additional day(s) until the minimum requirement is met. We
are also proposing that the engine can be idled at the end of the shift-day to meet the minimum
window count requirement for the idle bin. This is to ensure that even for duty cycles that do not
include significant idle operation the minimum window count requirement for the idle bin can be
met without testing additional days. We request comment on whether 2,400 windows is the
appropriate minimum to sufficiently reduce variability in the results while not requiring an
unnecessary number of shift-days to be tested to meet the requirement.

ii. Off-Cycle Test Procedures

We are proposing to measure off-cycle emissions using the existing test procedures that
specify measurement equipment and the process of measuring emissions during field testing in
40 CFR part 1065. We are proposing in part 1036 subpart F the process for recruiting test
vehicles, how to test over the shift-day, how to evaluate the data, what constitutes a valid test,

and how to determine if an engine family passes. Measurements may use either the general
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laboratory test procedures in 40 CFR 1065, or the field test procedures in 40 CFR part 1065,
subpart J. However, we are proposing special calculations for low load and medium/high load
bins in 40 CFR 1036.515 that would supersede the brake-specific emission calculations in 40
CFR part 1065. The proposed test procedures would require second-by-second measurement of
the following parameters:
e Molar concentration of CO2 (ppm)
e Molar concentration of NOX (ppm)
e Molar concentration of HC (ppm)
e Molar concentration of CO (ppm)
e Concentration of PM (g/m3)
e Exhaust flow rate (m3/s)
Mass emissions of CO2 and each regulated pollutant would be separately determined for each
300-second window and would be binned based on the normalized COx2 rate for each window.
The standards described in Section III.C.2.1ii are expressed in units of g/hr for the idle bin and
g/hp-hr for the low and medium/high load bins. However, unlike most of our exhaust standards,
the hp-hr values for the off-cycle standards do not refer to actual brake work. Rather, they refer
to nominal equivalent work calculated proportional to the CO2 emission rate. Thus, we are

proposing in 40 CFR 1036.515 that the NOx emissions ("e") in g/hp-hr would be calculated as:

< g ) _ Sumof Window NOx mass per Bin FTP CO, mass
¢ hp-hr/  Sum of Window CO, mass per Bin FTP work
We are proposing a limited number of exclusions that would exclude some data from being

subject to the off-cycle standards. The first exclusion is for data collected during periodic PEMS

zero and span drift checks or calibrations, where the emission analyzers are not available to
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measure emissions during that time and these checks/calibrations are needed to ensure the
robustness of the data. Data would also be excluded anytime the engine is off during the course
of the shift-day, including engine off due to automated start/stop, as no exhaust emissions are
being generated by the engine while it is not operating. We are also proposing to exclude data
when ambient temperatures are below -7 °C, or when ambient temperatures are above the
altitude-based value determined using Equation 40 CFR 1036.515-1. The colder temperatures
can significantly inhibit the engine’s ability to maintain aftertreatment temperature above the
minimum operating temperature of the SCR catalyst while the higher temperature conditions at
altitude can limit the mass airflow through the engine, which can adversely affect the engine’s
ability to reduce engine out NOx through the use of exhaust gas recirculation (EGR). In addition
to affecting EGR, the air-fuel ratio of the engine can decrease under high load, which can
increase exhaust temperatures above the conditions where the SCR catalyst is most efficient at
reducing NOx. Data would also be excluded for operation at altitudes greater than 5,500 feet
above sea level for the same reasons as for high temperatures at altitude. We would also exclude
data when any approved Auxiliary Emission Control Device (AECD) for emergency vehicles are
active because the engines are allowed to exceed the emission standards while these AECDs are
active. Data collected during infrequent regeneration events would also be excluded due to the
fact that the data collected may not include enough operation during the infrequent regeneration
to properly weight the emissions rates during an infrequent regeneration event with emissions
that occur without an infrequent regeneration event. We request comment on the appropriateness
of these exclusions and whether other exclusions should be included. We request comment on
whether emissions during infrequent regeneration should be included in determining compliance

with the proposed off-cycle standards and if so, how these emissions should be included such
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that the emissions are properly weighted with the emissions when infrequent regenerations are
not occuring. While data is excluded when any approved ACEDs for emergency vehicles are
active, data generated while other approved ACEDs are active may not be excluded from the
emissions calculations under the proposed 40 CFR 1036.515.

To reduce the influence of environmental conditions on the accuracy and precision of the
PEMS, we are proposing additional requirements in 40 CFR 1065.910(b). These requirements
are to minimize the influence of temperature, pressure, electromagnetic frequency, shock, and
vibration on the emissions measurement. If the design of the PEMS or the installation of the
PEMS does not minimize the influence of these environmental conditions the PEMS must be
installed in an environmental chamber during the off-cycle test.

iii. Off-Cycle Standards

For NOx and HC, we are proposing separate standards for distinct modes of operation. To
ensure that the proposed duty-cycle NOx standards and the proposed off-cycle NOx standards
are set at the same relative stringency level for each option, the idle bin standard is proportional
to the voluntary Idle standard discussed in Section II1.B.2.1v, the low load bin standard is
proportional to the proposed LLC standard discussed in Section I11.B.2.ii1 and the medium/high
load bin standard is proportional to the proposed SET standard discussed in Section III.B.2.ii.
For HC for each option the proposed low load bin standards are set at values proportional to the
LLC standard and the medium/high load bin standard is proportional to the SET proposed
standard. For PM and CO for each option the standards for the FTP, SET and LLC are the same
numeric value, so the low load and medium/high load bin have the same standards. The proposed
Options 1 and 2 off-cycle standards for the low load and medium/high load bin are shown in

Table II1-17. For the idle bin, the proposed Option 1 NOx emission standard for all CI primary
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intended service classes is 10.0 g/hr starting in model years 2027 through 2030 and 7.5 g/hr

starting in model year 203 1. For proposed Option 2, the idle bin NOx standard for all CI primary

intended service classes is 15.0 g/hr starting in model year 2027. For PM, HC and CO we are

not proposing standards for the idle bin because the emissions from these pollutants are very

small under idle conditions and idle operation is extensively covered by the FTP, SET and LLC

duty cycles discussed in Section III1.B.2. We request comment on appropriate scaling factors or

other approaches to setting off-cycle standards. Finally, we request comment on whether there is

a continued need for measurement allowances in an in-use program such as described below. A

discussion of the measurement allowance values can be found in Section I1I.C.5.iii.

Table III-17 Proposed off-cycle low load and medium/high load standards

Option/ MY Primary Intended Bin NOx PM HC CcO
Service Class (mg/hp-hr) (mg/hp- (mg/hp- (g/hp-

hr) hr) hr)

Proposed Option | All HD Engines Low load 180 10 280 12

1 Medium/high load | 70 120

MY 2027-2030

Proposed Option | Light HDE and Low load 75 8 90 9

1 Medium HDE Medium/high load | 30 60

MY 2031 and Heavy HDE Low load 150° 8 90 9

later Medium/high load | 60° 60

Proposed Option | All HD Engines Low load 150 8 90 9

2 Medium/high load | 75 60

MY 2027 and

later

2Proposed Option 1 2031 and later low load bin IUL NOx standard is 75 mg/hp-hr for Heavy HDE.

bProposed Option 1 2031 and later medium/high load bin IUL NOx standard is 30 mg/hp-hr for Heavy HDE.

3. Feasibility of the Diesel (Compression-Ignition) Off-Cycle Standards

1. Technologies
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As a starting point for our determination of the appropriate numeric levels of our proposed
off-cycle emission standards, we considered whether manufacturers could meet the duty-cycle
standard corresponding to the type of engine operation included in a given bin, as follows:

¢ Idle bin operation is generally similar to operation at idle and the lower speed portions
of the LLC.

e Low load bin operation is generally similar to operation over the LLC and the FTP.

e Medium/high load bin operation is generally similar to operation over the FTP and
much of the SET.

An important question is whether the proposed off-cycle standards would require technology
beyond what we are projecting would be necessary to meet the duty-cycle standards. As
described below, we do not expect our proposed Options 1 and 2 off-cycle standards to require
different technologies. However, the proposed Option 1 standard for the medium/high load bin
would likely require manufacturers to increase the volume of the SCR catalyst.

This is not to say that we expect manufacturers to be able to meet these proposed Options 1
and 2 standards with no additional work. Rather, we project that the proposed Options 1 and 2
off-cycle standards could be met primarily through additional effort to calibrate the duty-cycle
technologies to function properly over the broader range of in-use conditions. We also recognize
that manufacturers could choose to include additional technology, if it provided a less expensive
or otherwise preferred option.

When we evaluated the technologies discussed in Section I11.B.3.i with emissions controls
that were designed to cover a broad range of operation, it was clear that we should set the off-
cycle standards to higher numerical values than the duty-cycle standards for the off-cycle test

procedures being proposed. Section II1.C.3.ii explains how the technology and controls
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performed when testing with the off-cycle test procedures over a broad range of operation. The
data presented in Section II1.C.3.ii shows that even though there are similarities in the operation
between the duty cycles (LLC, FTP, and SET) and the off-cycle bins (Idle bin, Low load bin, and
Medium/high load bin), the broader range of operation covered by the off-cycle test procedure
results in a broader range in emissions performance, which justifies the need for higher off-cycle
standards than the corresponding duty cycle standards. In addition to this, the off-cycle test
procedures and standards cover a broader range of ambient temperature and pressure, which can
also increase the emissions from the engine as discussed in Section III.C.2.ii.. Commenters
supporting lower or higher numerical standards are encouraged to consider the proposed level of
the standards in the full context of the test procedures and compliance provisions. See Section
II1.C.6.
ii. Summary of Feasibility Analysis

To identify appropriate numerical levels for the off-cycle standards, we evaluated the
performance of the EPA Stage 3 engine in the laboratory on five different cycles that were
created from field data of HD engines that cover a range of off-cycle operation. These cycles are
the CARB Southern Route Cycle, Grocery Delivery Truck Cycle, Drayage Truck Cycle, Euro-VI
ISC Cycle (EU ISC) and the Advanced Collaborative Emissions Study (ACES) cycle. The
CARB Southern Route Cycle is dominantly highway operation with elevation changes resulting
in extended motoring sections followed by high power operation. The Grocery Delivery Truck
Cycle represents goods delivery from regional warehouses to downtown and suburban
supermarkets and extended engine-off events characteristic of unloading events at supermarkets.
Drayage Truck Cycle includes near dock and local operation of drayage trucks, with extended

idle and creep operation. Euro-VI ISC Cycle is modeled after Euro VI ISC route requirements
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with a mix of 30 percent urban, 25 percent rural and 45 percent highway operation. ACES Cycle
is a 5-mode cycle developed as part of ACES program. Chapter 3 of the draft RIA includes
figures that show the engine speed, engine torque and vehicle speed of the cycles.

The engine was initially calibrated to minimize NOx emissions for the proposed duty cycles
(FTP, SET, and LLC). It was then further calibrated to achieve more optimal performance over
the off-cycle operation. Although the engine did not include the SCR catalyst volume that is
included in our cost analysis and that would enable lower medium/high load bin NOx emissions,
the test results shown in Table I1I-18 provide a reasonable basis for evaluating the feasibility of
controlling off-cycle emissions to a useful life of 435,000 miles. Using this data along with the
data from the CARB Stage 3 that was measured at multiple points in the age of the aftertreatment
to project out the emissions level to 800,000 miles, the proposed Options 1 and 2 off-cycle NOx
standards at each respective useful life value are shown to be feasible. The summary of the

results is in Chapter 3 of the draft RIA.

Table III-18 EPA Stage 3 NOx emissions off-cycle operation

Bin l(i[:lﬁ? Southern (C;;(c)lceery Delivery ACES |EUISC |Drayage
Idle bin (g/hr) 0.7 1.0 0.9 0.4 0.3
Low load bin (mg/hp-hr) 41 25 29 25 15
Medium/high load bin (mg/hp-hr) |30 18 16 33 23

a. Idle Bin Evaluation

The proposed idle bin would include the idle operation and some of the lower speed operation
that occurs during the LLC and FTP. However, it would also include other types of low-load
operation observed with in-use vehicles, such as operation involving longer idle times than occur
in the LLC. To ensure that the idle bin standard would be feasible, we set the proposed Option 1
idle bin standard in MY 2027 and MY 2031 at the level projected to be achievable engine-out

with exhaust temperatures below the light-off temperature. As can be seen see from the results
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in Table I1I-18, the EPA Stage 3 engine performed well below the proposed Options 1 and 2
NOx standards. The summary of the results is located in Chapter 3 of the draft RIA.
b. Low and Medium/high Load Bin Evaluations

As can be seen see from the results in Table I1I-18, the emissions from the Stage 3 engine in
the low load bin were below the proposed Options 1 and 2 standards for each of the off-cycles
standards. The HC and CO emissions measured for each of these off-cycle duty cycles was well
below the proposed Options 1 and 2 off-cycle standards for the low and medium/high load bins.
The summary of the results is located in Chapter 3 of the draft RIA.

For the medium/high load bin, four of the five off-cycle duty cycles had emission results
below the proposed Option 1 NOx standard for MY 2031 of 30 mg/hp-hr shown in Table II1-17.
As mentioned, in Section III.B.2 the engine did not include the SCR catalyst volume that is
included in our cost analysis, so we will continue to evaluate the emissions performance from the
EPA Stage 3 engine and we will evaluate an aftertreatment that includes this additional SCR
volume referred to as EPA Team A. In addition, we will conduct testing with these
aftertreatments after they have been aged to the equivalent of 800,000 miles to further evaluate
the feasibility of the proposed Option 1 off-cycle standards for the full proposed MY 2031 useful
life period. For the proposed Option 2 medium/high load standards, our extrapolation of the data
from 435,000 miles to the 650,000 useful life of proposed Option 2 indicates that the standards
would be feasible starting in MY 2027.

We request comment on the proposed Options 1 and 2 off-cycle standards, as well as the
overall structure of the off-cycle program. We also request comment on the need for fewer or
more than 3 bins. As described in Section I11.C.3.ii, the emissions from CARB Stage 3 engine

have been demonstrated to be very similar across the three bins, which may indicate that some or
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all bins can be combined. On the other hand, this data was generated on the EPA Stage 3 engine
with aftertreatment that was chemically- and hydrothermally-aged to the equivalent of 435,000
miles and as the aftertreatment is aged beyond 435,000 miles it may show a larger difference in
NOx emissions performance between the bins. See Chapter 3 of the draft RIA for more
information on how the FTP, SET, and LLC NOx emissions performance has changed from the
degreened system to the aftertreatment aged to an equivalent of 600,000 miles.

4. Potential Alternatives

Following our approach for duty-cycle standards, we evaluated one set of alternative off-cycle
exhaust emission standards (the Alternative) for CI HDE. These alternative off-cycle standards
were derived using the same approach as the proposed off-cycle standards. (i.e., by setting the
alternative off-cycle standards as a multiple of the alternative certification duty-cycle standards).
These off-cycle standards for the Alternative are set at 1.5 times the Clean Idle test standard
(NOx only) for the idle bin, 1.5 times the LLC standard for the low load bin, and 1.5 times the
SET standard for the medium/high load bin. This approach resulted in the same standards in the
Alternative and the proposed Options 1 and 2 standards for PM, but different standards for NOx,
HC and CO.

For the Alternative, data in Table III-18 show that the medium/high load bin off-cycle NOx
standard would be challenging to meet at a useful life of 435,000 miles. Our extrapolation of the
data out to the 850,000 useful life for Heavy HDEs in this alternative suggests that this off-cycle
standard is not feasible in the MY 2027 timeframe. We expect that wholly different emission
control technologies than we have evaluated to date (i.e., not based on CDA and a dual SCR)

would be needed to meet the standards in the Alternative; we request comment on this
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conclusion and on the availability, or potential development and timeline, of such additional
technologies.
As with the proposed standards, the data presented in Chapter 3 of the draft RIA shows that

the Alternative PM, HC and CO standards are feasible for CI engines in MY 2027.

Table III-19 Off-Cycle Standards for the Alternative

NOx
. /hr) for idle, PM HC CcO
Model Year Bin Ergng/l)lp-hr) for low and | (mg/hp-hr) (mg/hp-hr) (g/hp-hr)
medium/high load
Idle 15.0 No Standard No Standard | No Standard
2027 and later | Low load 150 3 90 9
Medium/high load | 30 15

5. Compliance and Flexibilities for Off-Cycle Standards

Given the similarities of the proposed off-cycle standards and test procedures to the current
NTE requirements that we are proposing they would replace starting in MY 2027, we have
evaluated the appropriateness of applying the current NTE compliance provisions for the
proposed Options 1 and 2 off-cycle standards, as discussed below. We are also requesting
comment on a possible broadening of our in-use compliance strategy to cover more engines and
more operation.
1. Relation of Off-Cycle Standards to Defeat Devices

CAA section 203 prohibits bypassing or rendering inoperative a certified engine’s emission
controls. When the engine is designed or modified to do this, the engine is said to have a defeat
device. With today's engines, the greatest risks with respect to defeat devices involve

manipulation of the electronic controls of the engine. EPA refers to an element of design that
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manipulates emission controls as an Auxiliary Emission Control Device (AECD).*® Unless
explicitly permitted by EPA, AECDs that reduce the effectiveness of emission control systems
under conditions which may reasonably be expected to be encountered in normal vehicle
operation and use are prohibited as defeat devices under current 40 CFR 86.004-2.

For certification, EPA requires manufacturers to identify and describe all AECDs.*! For any
AECD that reduces the effectiveness of the emission control system under conditions which may
reasonably be expected to be encountered in normal vehicle operation and use, manufacturers

must provide a detailed justification.>?

We are proposing to migrate the definition of defeat
device from 40 CFR 86.004-2 to 40 CFR 1036.115(h) and clarify that an AECD is not a defeat
device if such conditions are substantially included in the applicable procedure for duty-cycle
testing as described in 40 CFR 1036, subpart F. “Duty-cycle testing” in 40 CFR
1036.115(h)(1)(i1) would not include the proposed off-cycle test procedure in 40 CFR 1036.515,
since it is an off-cycle test procedure and not a duty-cycle test procedure for the purposes of this
provision.
i1. Heavy-Duty In-Use Testing Program

Under the current manufacturer-run heavy-duty in-use testing (HDIUT) program, EPA
annually selects engine families to evaluate whether engines are meeting current emissions
standards. Once we submit a test order to the manufacturer to initiate testing, it must contact

customers to recruit vehicles that use an engine from the selected engine family. The

manufacturer generally selects five unique vehicles that have a good maintenance history, no

33040 CFR 86.082-2 defines Auxiliary Emission Control Device (AECD) to mean "any element of design which
senses temperature, vehicle speed, engine RPM, transmission gear, manifold vacuum, or any other parameter for the
purpose of activating, modulating, delaying, or deactivating the operation of any part of the emission control
system."

351 See 40 CFR 86.094-21(b)(1)(i)(A).

352 See definition of “defeat device” in 40 CFR 86.004-2.
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malfunction indicators on, and are within the engine’s regulatory useful life for the requested
engine family. The tests require use of portable emissions measurement systems (PEMS) that
meet the requirements of 40 CFR 1065, subpart J. Manufacturers collect data from the selected
vehicles over the course of a day while they are used for their normal work and operated by a
regular driver, and then submit the data to EPA. Compliance is evaluated with respect to the
NTE standards.

We are proposing to continue the HDIUT program, with compliance with respect to the new
off-cycle standards and test procedures that would be added to the program beginning with MY
2027 engines. We are also proposing to not carry forward the Phase 2 HDIUT requirements in
40 CFR 86.1915 beginning with MY 2027. Under the current NTE based off-cycle test program,
if you are required to test ten engines under Phase 1 testing and less than 8 fully comply with the
vehicle pass criteria in 40 CFR 86.1912, then we could require you to initiate Phase 2 HDIUT
testing which would require you to test an additional 10 engines. We are proposing that
compliance with the off-cycle standards would be determined by testing a maximum of 10
engines, which was the original limit under Phase 1 HDIUT testing in 40 CFR 86.1915. Similar
to the current Phase 1 HDIUT requirements in 40 CFR 86.1912, the proposed 40 CFR 1036.425
requires initially testing five engines. If all five engines pass, you are done testing and your
engine family is in compliance. If one of those engines does not comply fully with the off-cycle
bin standards, you would then test a sixth engine. If five of the six engines tested pass, you are
done testing and your engine family is in compliance. If two of the six engines tested do not
comply fully with the off-cycle bin standards, you would then test four more for a total of 10
engines. The engine family would fail off-cycle standards if the arithmetic mean of the sum-

over-sum emissions from the ten engines for any of the 3 bins for any of the pollutants is above
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the off-cycle bin standards. In regard to the averaging of data from the ten engines, we are
proposing to take the arithmetic mean of the results by bin for each of the 10 engines determined
in 40 CFR 1036.515(h) for each of the pollutants, thus creating mean bin results of each pollutant
for each bin for the 10 engines. We request comment on determining this value by using all of
the windows in a given bin for a given pollutant over all 10 of the engines tested.

We are also proposing to allow manufacturers to test a minimum of 2 engines using PEMS, in
response to a test order program, provided they measure and report in-use data collected from the
engine’s on-board NOx measurement system. This proposed option would be available only
where a manufacturer receives approval based on the requirements in 40 CFR 1036.405(g).

We are proposing to not carry forward the provision in 40 CFR 86.1908(a)(6) that considers
an engine misfueled if operated on a biodiesel fuel blend that is either not listed as allowed or
otherwise indicated to be an unacceptable fuel in the vehicle's owner or operator manual. We are
proposing in 40 CFR 1036.415(c)(1) to allow vehicles to be tested for compliance with the new
off-cycle standards on any commercially available biodiesel fuel blend that meets the
specifications for ASTM D975 or ASTM D7467. The proposal to make this change is based on
the availability of biodiesel blends up to B20 throughout the United States and thus its use as a
motor fuel in the heavy-duty fleet and the fact that engines must comply with the emission
standards when operated on both neat ultra-low sulfur diesel (ULSD) and these biodiesel fuel
blends.

Finally, we request comment on the need to measure PM emissions during in-use testing of
new or existing engines subject to in-use testing if they are equipped with DPF. PEMS
measurement is more complicated and time-consuming for PM measurements than for gaseous

pollutants such as NOx and eliminating it for some or all of in-use testing would provide
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significant cost savings. Commenters are encouraged to address whether there are less expensive
alternatives for ensuring that engines meet the PM standards in use.

iii. PEMS Accuracy Margin

EPA worked with engine manufacturers on a joint test program to establish measurement
allowance values to account for the measurement uncertainty associated with in-use testing in the
2008-time frame for gaseous emissions and the 2010-time frame for PM emissions to support
NTE in-use testing.?3333*3%5 PEMS measurement allowance values in 40 CFR 86.1912 are 0.01
g/hp-hr for HC, 0.25 g/hp-hr for CO, 0.15 g/hp-hr for NOx, and 0.006 g/hp-hr for PM. We are
proposing to maintain the same values for HC, CO, and PM in this rulemaking. For NOx we are
proposing off-cycle NOx accuracy margin (formerly known as measurement allowance) that is
10 percent of the off-cycle standard for a given bin. This accuracy margin was based on the
Joint Research Council Real Driving Emissions (RDE): 2020 Assessment of Portable Emissions
Measurement Systems (PEMS) Measurement Uncertainty. In this study, JRC arrived at an
accuracy margin of 23 percent. They note that their Real Driving Emissions (RDE) program
does not include linear drift correction of the emission measurements over the course of the shift-
day. They have analytically determined that if they implement a linear zero drift correction over
the course of the shift-day, the NOx accuracy margin would be reduced to 10 percent. It should
be noted that our off-cycle test procedures already include a linear zero and span drift correction

over at least the shift day, and we are proposing to require at least hourly zero drift checks over

333 Feist, M.D.; Sharp, C.A; Mason, R.L.; and Buckingham, J.P. Determination of PEMS Measurement Allowances
for Gaseous Emissions Regulated Under the Heavy-Duty Diesel Engine In-Use Testing Program. SwRI 12024,
April 2007.

3% Feist, M.D.; Mason, R.L.; and Buckingham, J.P. Additional Analyses of the Monte Carlo Model Developed for
the Determination of PEMS Measurement Allowances for Gaseous Emissions Regulated Under the Heavy-Duty
Diesel Engine In-Use Testing Program. SwWRI® 12859. July 2007.

353 Khalek, I.A.; Bougher, T.L.; Mason, R.L.; and Buckingham, J.P. PM- PEMS Measurement Allowance
Determination. SWRI Project 03.14936.12. June 2010.
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the course of the shift day on purified air that, we believe, will result in measurement error that is
on par with the analytically derived JRC value of 10 percent.**°

We are also in the process of further assessing the gaseous PEMS accuracy margin values for
NOx. There have been improvements made to the PEMS NOx analyzers that were used in the
emission original measurement allowance value determinations and some of these improvements
were implemented in the testing that resulted in the 10 percent value derived by JRC and some
were implemented after. Based on information from the on-going PEMS test program using the
most current PEMS NOx analyzers, we may make further revisions to the PEMS accuracy
margin for NOx for the off-cycle NOx standards. This may result in finalizing a different
accuracy margin or separate accuracy margins for each off-cycle bin NOx standard that could be
higher or lower than what we have proposed. As results become available from this study, we
will add them to the docket.

These accuracy margins can be found in the proposed 40 CFR 1036.420. We request
comment on our proposed approach to PEMS accuracy margins for assessing in-use compliance
with NOx and other pollutant standards.

As part of the PEMS measurement uncertainty analysis we will be continuing to evaluate
proposed test procedure options that could further reduce the uncertainty of PEMS
measurements. This evaluation includes the test procedures that define the drift check and drift
correction, linearity requirements for the analyzers, and the requirements that define how the
analyzer is zeroed and spanned throughout the test. We have proposed updates to 40 CFR
1065.935 to require hourly zeroing of the PEMS analyzers using purified air for all analyzers.

We are also proposing to update the drift limits for NOx analyzers to improve data quality.

3% Giechaskiel B., Valverde V., Clairotte M. 2020 Assessment of Portable Emissions Measurement Systems
(PEMS) Measurement Uncertainty. JRC124017, EUR 30591 EN. https://publications.europa.eu/en/publications.
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Specifically, for NOx analyzers, we are proposing an hourly or more frequent zero verification
limit of 2.5 ppm, a zero-drift limit over the entire shift day of 10 ppm, and a span drift limit
between the beginning and end of the shift-day or more frequent span verification(s) of +4
percent of the measured span value. We request comment on the proposed test procedure updates
in 40 CFR 1065.935 and any changes that would reduce the PEMS measurement uncertainty.
iv. Demonstrating Off-Cycle Standards for Certification

Consistent with current certification requirements in 40 CFR 86.007-21(p)(1), we are
proposing a new paragraph in 40 CFR 1036.205(p) that would require manufacturers to provide
a statement in their application for certification that their engine complies with the off-cycle
standards. Our proposal would require manufacturers to maintain record of any test data or
engineering analysis they used as a basis for their statement but would not require manufactures
to submit that information as part of their application. We request comment on our proposal to
continue the practice of manufacturers submitting a statement without test data as a means of
demonstrating compliance with off-cycle standards at certification.

For commenters suggesting manufacturers submit test data, we request comment on defining
a specific test for manufacturers to demonstrate that they meet off-cycle standards at
certification. The proposed off-cycle standards were designed to apply in-use when engines may
not be operating on EPA’s defined duty cycles. We are proposing that manufacturers use the off-
cycle test procedure of 40 CFR 1036.515 when evaluating their in-use emission performance
relative to the off-cycle standards. We request comment on demonstrating compliance with oft-
cycle standards by applying the off-cycle test procedure proposed in 40 CFR 1036.515 to one or
more test cycles performed on an engine dynamometer. We solicit comment on alternatively

demonstrating compliance with a field test using 40 CFR 1036.515.
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6. Summary of Requests for Comment on the Stringency of the Off-Cycle Standards

The effective stringency of the proposed off-cycle standards is inherently tied to the way in

which these standards are applied. To assist commenters in considering the stringency of the

standards in the full context of the test procedures and compliance provisions, we have

summarized these factors in Table 11I-20 below.

Table III-20 Summary of off-cycle test procedure values and compliance provisions

Issue Increasing Effective Stringency Decreasing Effective Stringency
Numerical value Lower value Higher value

Window length Shorter windows Longer windows

Test conditions Broader conditions Narrower conditions

Operation type Broader operation Narrower operation

These factors can be considered individually, but commenters are encouraged to consider the
tradeoffs between them. For example, commenters supporting a broader range of test conditions,
could address the potential need for provisions to offset the stringency impact, such as higher
standards.

We are proposing to sum the total mass of emissions for a given pollutant and divide by the
sum of CO2 mass emissions per bin once all the data has been separated into bins. This “sum-
over-sum” approach would account for all emissions; however, it would require the
measurement system (PEMS or a NOx sensor) to provide accurate measurements across the
complete range of emissions concentrations. We specifically request comments on the numeric
values for the bin cut-points, the number of bins, the definition of the bin cut-point and the
reference cycle for each bin. The importance of each of these values that define the proposed
test procedure can be seen from the NOx emissions achieved on the EPA Stage 3 engine which is
summarized in Section III.B.3. This data shows that the emissions from this engine are relatively

flat as a function of engine power. This data could suggest that either fewer bins are needed, for
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example combining the idle and low-load bin or that a different bin definition other than window
average power should be used to bin the data.

We also request comment on the advantages and disadvantages of other statistical approaches
that evaluate a percentile window(s) within each of the bins instead of the full data set as
discussed in Chapter 3.2.3 in the draft RIA.

D. Summary of Spark-Ignition Heavy-Duty Engine Exhaust Emission Standards and Test
Procedures

This section summarizes current exhaust emission standards and test procedures for certain
spark-ignition (SI) heavy-duty engines and our proposed updates, as well as the feasibility
demonstration and data that support our proposed changes.

Heavy-duty SI engines are largely produced by integrated vehicle manufacturers. These
vehicle manufacturers sell most of their engines as part of complete vehicles but may also sell
incomplete vehicles (i.e., an engine and unassembled chassis components) to secondary vehicle
manufacturers.> In the latter case, secondary manufacturers, sometimes referred to as "finished
vehicle builders," complete the body and sell the final commercial vehicle product to the
customer. Under current industry practice, the incomplete vehicle manufacturer (i.e., chassis
manufacturer) certifies both the engine and incomplete vehicle pursuant to all exhaust and
evaporative emission requirements, performs testing to demonstrate compliance with the
standards and provides the secondary manufacturer with build instructions to maintain
compliance with the standards and to prevent the secondary manufacturer from performing

modifications that would result in an un-certified configuration. Original chassis manufacturers

357 See e.g., the definitions of “vehicle” and “secondary vehicle manufacturer” in 40 CFR 1037.801.
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and secondary manufacturers share responsibility for ensuring that the exhaust and evaporative
emission control equipment is maintained in the final product delivered to the end customer.3>®
1. Current Exhaust Emission Standards and Test Procedures

Current Otto-cycle (spark-ignition) heavy-duty engine exhaust emission standards in 40 CFR
86.008-10 apply to engines as provided in 40 CFR 86.016-1.3%° The test procedure for these
exhaust standards is the heavy-duty Federal Test Procedure (FTP), which includes an engine
dynamometer schedule that represents urban driving. This test procedure is used for certification,
SEA, and in-use emissions testing.**® Similar to the FTP duty cycle for CI engines, SI engine
manufacturers evaluate their HD engines for exhaust emission standards by performing the FTP
duty cycle under cold-start and hot-start conditions and determine a composite emission value by
weighting the cold-start emission results and the hot-start emission results as specified in 40 CFR
86.008-10(a)(2)(v). This test cycle and cold/hot-start weighting was developed based on the
typical operation of spark-ignition engines and differs from its compression-ignition counterpart
in the normalized speed and torque setpoints, as well as the length of the cycle. The current SI
engine exhaust emission standards for this duty cycle are identical to those for CI engines, as

shown in Table I1I-21, consistent with the principle of fuel neutrality applied in recent light-duty

vehicle criteria pollutant standards rulemakings.>¢!

358 Responsibilities for multiple manufacturers are described in 40 CFR 1037.620(b).

3% These engines include SI engines installed in vehicles above 14,000 Ib GVWR or incomplete vehicles at or below
14,000 Ib GVWR, but do not include engines installed in incomplete vehicles at or below 14,000 Ib GVWR that are
voluntarily certified under 40 CFR 86, subpart S.

360 This duty cycle is summarized in Chapter 2.1.3 of the draft RIA. The driving schedule can be found in paragraph
(H)(1) of Appendix I to 40 CFR part 86.

361 See 65 FR 6728 (February 10, 2000) and 79 FR 23454 (April 28, 2014).
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Table III-21 Current Otto-cycle engine exhaust emission standards over the FTP duty-cycle

NOx? PM HCP CO
(g/hp-hr) (g/hp-hr) (g/hp-hr) (g/hp-hr)
0.20 0.01 0.14 14.4

2 Engine families participating in the ABT program are subject to a FEL cap of 0.50 g/hp-hr for NOx
b Engine families participating in the ABT program are subject to a FEL cap of 0.30 g/hp-hr for HC

To generate specific duty cycles for each engine configuration, engine manufacturers identify
the maximum brake torque versus engine speed using the engine mapping procedures of 40 CFR
1065.510. The measured torque values are intended to represent the maximum torque the engine
can achieve under fully warmed-up operation when using the fuel grade recommended by the
manufacturer (e.g., regular unleaded, 87 octane fuel) across the range of engine speeds expected
in real-world conditions. The mapping procedure is intended to stabilize the engine at discrete
engine speed points ranging from idle to the electronically-limited highest RPM before recording
the peak engine torque values at any given speed. The provision in 40 CFR 1065.510(b)(5)(ii)
allows manufacturers to perform a transient sweep from idle to maximum rated speed, which
requires less time than stabilizing at each measurement point.

The HD Technical Amendments rulemaking migrated some heavy-duty highway engine test
procedures from 40 CFR part 86 to part 1036.>%> In addition to migrating the heavy-duty FTP
drive schedule for SI engines from paragraph (f) of appendix I to part 86 to paragraph (b) of
appendix II to part 1036, we added vehicle speed and road grade to the duty-cycle, which are
needed to facilitate powertrain testing of SI engines for compliance with the HD Phase 2 GHG
standards. As part of the drive schedule migration, negative normalized vehicle torque values

over the HD FTP SI duty-cycle were removed.

36286 FR 34311, June 29, 2021.
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2. Proposed Exhaust Emission Standards and Test Procedures

We are proposing to migrate the existing provisions for heavy-duty Otto-cycle engines from
40 CFR part 86, subpart A, into part 1036, with the migrated part 1036 provisions applying to
heavy-duty SI engines starting in MY 2027.3% We are also proposing additional revisions as
noted in this section.

Our proposed revisions to 40 CFR 1036.1 include migrating and updating the applicability
provisions of 40 CFR 86.016-1. The provisions proposed in this section would apply for SI
engines installed in vehicles above 14,000 Ib GVWR and incomplete vehicles at or below 14,000
Ib GVWR, but do not include engines voluntarily certified to or installed in vehicles subject to
40 CFR part 86, subpart S. We propose to update the primary intended service classes currently
defined in 40 CFR 1036.140 to refer to new acronyms such that the proposed requirements in
this section apply to the "Spark-ignition HDE" primary intended service class. Additionally, we
are proposing updated Spark-ignition HDE exhaust emission standards in a new 40 CFR
1036.104. The proposal includes two sets of options for these standards: proposed Option 1 and
proposed Option 2. Proposed Option 1 would apply in two steps, with a first step in MY 2027
and a second step in MY 2031. Proposed Option 2 would apply in a single step starting in MY
2027. The two proposed options generally represent the range of lead time, standards, regulatory
useful life periods, and emission-related warranty periods we are currently considering in this
rule for HD SI engines.

As described in the following sections, Spark-ignition HDE certification would continue to be

based on emission performance in lab-based engine dynamometer testing, with a proposed new

363 Under the proposed migration into part 1036, Spark-ignition HDE produced before model year 2027 would
remain subject to existing part 86 requirements, including the exhaust and crankcase emission standards specified in
40 CFR 86.008-10(a) and (c).

226



SET duty cycle to address high load operation and idle emission control requirements to
supplement our current FTP duty cycle.*** We are proposing two options to lengthen useful life
and emissions warranty periods for all heavy-duty engines, including Spark-ignition HDE, as
summarized in the following sections and detailed in Sections IV.A and IV.B.1 of this
preamble.3®> Engine manufacturers would continue to have the flexibility to participate in EPA's
ABT program. We are proposing to update our ABT provisions in part 1036, subparts B and H,
to reflect our proposed standards and useful life periods (see Section IV.G of this preamble). We
are also proposing family emission limit (FEL) caps for NOx in our proposed ABT program as
described in the following sections.
1. Proposed Updates to the Federal Test Procedure and Standards

We propose to update 40 CFR part 1036, including the test procedure provisions of part 1036,
subpart F, to apply for criteria pollutant testing. We propose that manufacturers would use the
current FTP drive schedule of Appendix II of part 1036.3°¢ As part of migrating the FTP drive
schedule from part 86 to part 1036 in the recent HD Technical Amendment rulemaking, ¢’
negative torque values were replaced with closed throttle motoring but there was no change to
the weighting factors or drive schedule speed values. As shown in Table I1I-22, we are co-

proposing two options to update our Spark-ignition HDE exhaust standards for the FTP duty

364 CARB's HD Omnibus rulemaking included "in-use thresholds" (i.e., "off-cycle standards" in this proposal) for
heavy-duty Otto-cycle engines. We request comment on setting off-cycle standards for Spark-ignition HDE. We are
not proposing a manufacturer-run in-use testing program for Spark-ignition HDE at this time, though we may
consider it in future rulemakings. See California Air Resources Board. Staff Report: Initial Statement of Reasons-
Public Hearing to Consider the Proposed Heavy-Duty Engine and Vehicle Omnibus Regulation and Associated
Amendments. June 23, 2020. page I111-33. Available online:
https://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox

365 We are proposing to migrate the current alternate standards for engines used in certain specialty vehicles from 40
CFR 86.007-11 and 86.008-10 into 40 CFR 1036.605 without modification. See Section XII.B of this preamble for a
discussion of these standards and options for which we are requesting comment.

3% Note that we are proposing to rename this appendix to Appendix B to part 1036.

36786 FR 34311, June 29, 2021.
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cycle. The proposed Spark-ignition HDE exhaust standards maintain our fuel-neutral approach

with standards that are numerically identical to the two steps of the proposed compression-

ignition engine standards over our proposed lengthened Spark-ignition HDE useful life

periods.

368

Table III-22 Proposed Spark-ignition HDE exhaust emission standards over the FTP duty cycle

Scenario Model Year NOx* PM HC CcO Useful Life
(mg/hp-hr) (mg/hp-hr) (mg/hp-hr) (g/hp-hr) (miles/years)
Proposed 2027-2030 35 5 60 6.0 155,000/12
Option 1 2031 and 20 5 40 6.0 200,000/15
later
Proposed 2027 and 50 5 40 6.0 150,000/10
Option 2 later

2 Engine families participating in the ABT program would be subject to a NOx FEL cap of 150 mg/hp-hr for MY's
2027-2030 under proposed Option 1 or for MYs 2027 and later under proposed Option 2, and 50 mg/hp-hr for
MYs 2031 and later under proposed Option 1.

Our analysis of recent SI HDE certification data suggests that the proposed Options 1 and 2
standards are already nearly achievable for the existing useful life mileage values using emission
control technologies available today. All SI heavy-duty engines currently on the market use a
three-way catalyst (TWC) to simultaneously control NOx, HC, and CO emissions.** We project
manufacturers would continue to use TWC technology and would adopt advanced catalyst
washcoat technologies and refine their existing catalyst thermal protection (fuel enrichment)
strategies to prevent damage to engine and catalyst components over our proposed longer useful
life. Our feasibility analysis in Section III.D.3 describes the derivation of the proposed standards,
including results from our SI technology demonstration program showing the feasibility of
meeting these standards up to and beyond our proposed Options 1 and 2 useful life mileage

values.

3% Our proposed useful life periods are based on the operational life of the engines and differ by primary intended

service class. See Section IV.A of this preamble for a discussion of our proposed useful life periods.
3% See Chapter 1.2 of the draft RIA for a detailed description of the TWC technology and other strategies HD SI
manufacturers use to control criteria emissions.

228



ii. Proposed Updates to Engine Mapping Test Procedure

As noted in Section III.D.1, manufacturers use the engine fuel mapping procedures of 40 CFR
1065.510 for certification. In Chapter 2.3.2 of our draft RIA, we describe torque variability that
can result from the electronic controls used in SI engines. We are proposing updates to the
engine mapping test procedure for heavy-duty engines to require that the torque curve
established during the mapping procedure for highway heavy-duty engines be representative of
the highest torque level possible when using the manufacturer's recommended fuel grade (e.g.,
regular unleaded, 87 octane). Specifically, our proposed update to 40 CFR 1065.510(b)(5)(i1)
would require manufacturers to disable any electronic controls that they report to EPA as an
auxiliary emission control device (AECD) that would impact peak torque during the engine
mapping procedure.?’”® We are proposing these updates to apply broadly for all engines covered
under part 1065 (see 40 CFR 1065.1). Section XII.I of this preamble includes a discussion of
proposed revisions to part 1065.
iii. Proposed Supplemental Emission Test and Standards

As discussed in Chapter 1 of the draft RIA, SI engines maintain stoichiometric air-fuel ratio
control for a majority of the points represented on a fuel map. However, engine manufacturers
program power enrichment and catalyst protection enrichment commands to trigger additional
fuel to be delivered to the engine when either the engine requires a power boost to meet a load
demand or high exhaust temperatures activate thermal protection for the catalyst. Generally,
these strategies temporarily allow the engine to deviate from its "closed loop" control of the air-

fuel ratio to increase the fraction of fuel (i.e., fuel enrichment) and lower exhaust temperatures or

370 AECDs are defined in 40 CFR 1036.801 and described in our proposed, migrated new paragraph 1036.115(h).
Manufacturers report AECDs in their application for certification as specified in our proposed, migrated and updated
§ 1036.205(b)
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increase engine power. Fuel enrichment is an effective means to protect the catalyst and increase
engine power, but frequent enrichment events can lead to high criteria pollutant emissions and
excessive fuel consumption not captured in existing test cycles. In Chapter 2.2 of the draft RIA,
we highlight the opportunities to reduce emissions in high-load operating conditions where
engines often experience enrichment for either catalyst protection or a power boost. Our
feasibility discussion in Section III.D.3 presents thermal management, catalyst design, and
engine control strategies engine manufacturers can implement to reduce enrichment frequency
and associated emissions to meet our proposed standards.

Manufacturers implement enrichment strategies in real world operation when engines are
above about 90 percent throttle for a duration that exceeds certain thresholds determined by the
manufacturer. The FTP duty cycle currently used for engine certification does not capture
prolonged operation in those regions of the engine map. Historically, in light of the limited range
of applications and sales volumes of SI heavy-duty engines, especially compared to CI engines,
we believed the FTP duty cycle was sufficient to represent the high-load and high-speed
operation of SI engine-powered heavy-duty vehicles. As the market for SI engines increases for
use in larger vehicle classes, these engines are more likely to operate under extended high-load
conditions, causing us to more closely examine the adequacy of the test cycle in ensuring
emissions control under real world operating conditions.

The existing supplemental emission test (SET) duty cycle, currently only applicable to CI
engines, is a ramped modal cycle covering 13 steady-state torque and engine speed points that is
intended to exercise the engine over sustained higher load and higher speed operation. We
believe the SET procedure, including updates proposed in this rule, could be applied to SI

engines and we are proposing to add the SET duty cycle and co-proposing two options for new
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SET emission standards for the Spark-ignition HDE primary intended service class.>’! This new
cycle would ensure that emission controls are properly functioning in the high load and speed
conditions covered by that duty cycle. The proposed SET standards for Spark-ignition HDE are
based on the same SET procedure, with the same proposed updates, as for heavy-duty CI
engines, and we request comment on the need for any SI-specific provisions. Specifically, we
request comment on the appropriateness of the CI-based weighting factors that determine the
time spent (i.e., dwell period) at each cycle mode. We encourage commenters to submit data to
support any alternative dwell periods we should consider for SI engines.

We received comments in response to our ANPR discussion of the potential addition of an
SET test cycle for HD SI engines.*’? The commenter suggested that additional test cycles to
capture sustained high load operation are not necessary and deviations from the FTP emission
control strategies are addressed through the case-by-case AECD review process. While we agree
that this process is available during the certification of an engine or vehicle, we believe it is more
effective to evaluate the emission control system over measured test cycles with defined
standards, where such test cycles are available, rather than relying solely on case-by-case
identification by the manufacturer and review by EPA of the AECDs for each engine family. The
commenter describes a high load enrichment AECD, which potentially increases CO, NMHC
and PM emissions (see RIA Ch 3.2). However, the agency is also concerned about the potential
for increased NOx emissions during high load stoichiometric operation, where the enrichment
AECD is not active. The current FTP transient cycle does not sufficiently represent these high
load conditions, and we believe that the SET cycle is appropriate for evaluating this type of

operation.

371 See our proposed updates to the SET test procedure in 40 CFR 1036.505.
372 See comments from Roush CleanTech (EPA-HQ-OAR-2019-0055-0303) in our docket.
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Similar to our fuel-neutral approach for FTP, we are proposing to align the SET standards for
CI and SI engines, as shown in Table I1I-23. Specifically, we propose to adopt the ST HDE SET
standards for NOx and PM emissions based on the demonstrated ability of CI engines to control
these emissions under high load conditions. The proposed Options 1 and 2 Spark-ignition HDE
standards for HC and CO emissions on the SET cycle are numerically equivalent to the
respective proposed FTP standards and are intended to ensure that SI engine manufacturers
utilize emission control hardware and calibration strategies that maintain effective control of
emissions during high load operation.?”® We believe the proposed SET duty cycle and standards
would accomplish this goal, and the level of our proposed Options 1 and 2 HC and CO standards
are feasible over our proposed Options 1 and 2 useful life mileages based on our HD SI
technology demonstration program summarized in Section III.D.3.ii.b. We request comment on
the proposed SET test cycle and standards for Spark-ignition HDE, and any modifications we

should consider to adapt the current CI-based SET duty cycle to SI HDE:s.

Table III-23 Proposed Spark-ignition HDE exhaust emission standards over the SET duty-cycle

Scenario | Model Year NOx PM HC CO Useful Life

(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr) | (miles/years)
Proposed |2027-2030 35 5 60 6.0 155,000/12
Option 1 | 2031 and later |20 5 40 6.0 200,000/15
Proposed 1 577 and later | 50 5 40 6.0 150,000/10
Option 2

We are also considering other approaches to address emissions from enrichment events during
high load operation. Our current provisions in 40 CFR 86.004-28(j) require engine manufacturers
to account for emission increases that are associated with aftertreatment systems that

infrequently regenerate.?’* Compression-ignition engine manufacturers currently apply these

373 Test results presented in Chapter 3.2.3 of the draft RIA and summarized in Section I11.D.3 indicate that these
standards are achievable when the engine controls limit fuel enrichment and maintain closed loop control of the fuel-
air ratio.

374 We are proposing to migrate the current IRAF provisions into a new section 40 CFR 1036.522.
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infrequent regeneration adjustment factor (IRAF) provisions to account for emission increases
that may occur when the DPFs used for PM control on their engines require regenerations. These
infrequent regeneration events use additional fuel to temporarily heat the DPF and clean the
filter. Similar to the approach for infrequent regeneration events, the agency seeks comment on
whether to require manufacturers to apply adjustment factors to SI FTP and/or SET emission test
results to quantify the HC, CO, NOx, and PM emission increases that occur due to enrichment
AECDs. These factors would be quantified in a manner similar to that used in developing IRAFs,
where they are based on the estimated real-world frequency and the measured emissions impact
of these events.

iv. Proposed Idle Control for Spark-ignition HDE

As described in Chapter 3.2 of the draft RIA, an idle test would assess whether the main
component of the SI engine emission control system, the catalyst, remains effective during
prolonged idle events. Heavy-duty SI engines can idle for long periods during loading or
unloading of the vehicle cargo or to maintain cabin comfort (i.e., heating or cooling) when the
vehicle is parked.

Our primary concern for extended idle operation is that prolonged idling events may allow the
catalyst to cool and reduce its efficiency resulting in emission increases including large emission
increases on the driveaway until the catalyst temperatures increase. As discussed in the draft
RIA, our recent HD SI test program showed idle events that extend beyond four minutes allow
the catalyst to cool below the light-off temperature of 350 °C. The current heavy-duty FTP and
proposed SET duty cycles do not include sufficiently long idle periods to represent these real-
world conditions where the exhaust system cools below the catalyst's light-off temperature. We

are proposing in a new paragraph at 40 CFR 1036.115()(1) to require the catalyst bed used in SI
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HDESs to maintain a minimum temperature of 350 °C to ensure emission control during
prolonged idle; manufacturers would also be able to request approval of alternative strategies to
prevent increased emissions during idling. We believe this minimum temperature requirement
would sufficiently ensure emission control is maintained during idle, while addressing ANPR
commenter concerns that our proposed idle requirements should not require significant
additional test and certification costs.’”> We request comment on this proposal, as well as
additional or alternative strategies, such an idle test cycle and standard, that are capable of
representing real-world operation and would address idle emissions not observed or measured on
the current and proposed duty cycles. Commenters are encouraged to include data that represents
engines expected to be available in the MY 2027 and later timeframe.

We recognize that over the next decade there may be an added incentive to generally reduce
idling as a compliance strategy to meet EPA's heavy-duty greenhouse gas standards. Widespread
adoption of idle reduction technologies, such as engine stop-start, may reduce the frequency and
duration of prolonged idle and reduce the need for exhaust temperature thresholds. However,
these idle reduction strategies may also cause emission increases when the engine is restarted,
where the catalyst and oxygen sensors may have cooled and require a warm-up period. We
request comment, including relevant data, on the expected adoption rate of idle reduction
technologies (e.g., stop-start) in the heavy-duty sector and the impact on criteria pollutant
emissions when these technologies are in use.

v. Proposed Powertrain Testing Option for Hybrids
As summarized in Section III.B, we are proposing to expand the existing powertrain test

procedures in 40 CFR 1037.550 to allow hybrid manufacturers to certify their products as

375 Roush comments (EPA-HQ-OAR-2019-0055-0303).
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meeting EPA's criteria pollutant standards.3”® The procedure updates are intended to apply to
both CI and SI-based hybrid systems, but many of the default vehicle parameters are based on CI
systems. We request comment on the need for SI-specific vehicle parameters such as vehicle
mass, drag coefficients, and rolling resistance coefficients.

vi. Proposed Thermal Protection Temperature Modeling Validation

Manufacturers utilize some form of catalyst or critical exhaust component temperature
modeling within the ECM to determine when to activate fuel enrichment strategies to protect
engine and catalyst hardware from excessive temperatures that may compromise durability.
Manufacturers typically design these models during the engine development process by
monitoring the actual temperatures of exhaust system components that have been instrumented
with thermocouples during dynamometer testing. In these controlled testing conditions,
manufacturers can monitor temperatures and stop the test to protect components from damage
from any malfunctions and resulting excessive temperatures. The accuracy of these models used
by manufacturers is critical in both ensuring the durability of the emission control equipment and
preventing excessive emissions that could result from unnecessary or premature activation of
thermal protection strategies.

The existing regulations require any catalyst protection strategies adopted by HD SI engine
manufacturers to be reported to EPA in the application for certification as an AECD.*”” The
engine controls used to implement these strategies often rely on a modeling algorithm to predict
high exhaust temperatures and to disable the catalyst, which can change the emission control
strategy and directly impact real world emissions. During the certification process,

manufacturers typically disclose the temperature thresholds of the critical components that need

376 See Chapter 2 of the draft RIA for a detailed description of the powertrain test procedure.
377 See 40 CFR 86.094-21(b)(1)(i) and our proposed migration of those provisions to 40 CFR 1036.205(b).
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thermal protection and the parameter values (e.g., time and temperature) at which the model
activates the protection strategy. The agency has historically determined the appropriateness of
these temperature limits based on information from engine manufacturers and component
suppliers. We are proposing to standardize the process during certification of how a
manufacturer discloses and validates a thermal protection model's performance.

In order to ensure that a manufacturer's model accurately estimates the temperatures at which
thermal protection modes are engaged, the agency is proposing a validation process in a new
paragraph 40 CFR 1036.115(j)(2) that would document the model performance during
certification testing. The proposed validation process would require manufacturers to record
component temperatures during engine mapping and the FTP and proposed SET duty cycles and
a second-by-second comparison of the modeled temperature and the actual component
temperature applications and submit as part of their certification. We propose that manufacturers
must show that the measured component temperatures and the software-derived temperature
model estimates are within 5 °C. This limitation on temperature differential is proposed to
prevent model-based AECDs from being overly conservative in their design such that catalyst
protection and resulting emissions increases due to fuel enrichment is triggered at lower
temperatures than necessary. Manufacturers would be exempt from this model validation
requirement for all engines that continuously monitor component temperatures via temperature
sensors in lieu of thermal protection modeling.

As described in Section IV.C, we are proposing to expand the list of OBD parameters
accessible using a generic scan tool. We are proposing that SI engine manufacturers monitoring

component temperatures to engage thermal protection modes would make the component
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temperature parameters (measured and modeled, if applicable) publicly available, as specified in
anew 40 CFR 1036.110(c)(4).

The agency seeks comment on this model validation proposal, including data that shows the
frequency of preventable enrichment occurrences. We request comment on our proposed
temperature allowance of 5 °C and whether we should require a specific type of thermocouple to
measure the component temperatures. We also request comment on whether we should specify a
method to filter temperature data to account for transient engine speed conditions. The agency
also seeks comment on requiring manufacturers to incorporate temperature sensors on all
production engines to continuously measure the temperature of any exhaust component that is
currently protected by use of an enrichment strategy instead of relying on software models to
estimate temperature. Currently, temperature sensors are used in production compression-
ignition emission control systems and some light-duty SI applications.

vii. Proposed OBD Flexibilities

We recognize that there can be some significant overlap in the technologies and control
systems adopted for products in the chassis-certified and engine-certified markets. These
vehicles may share common engine designs and components, and their emission control systems
may differ only in catalyst sizing and packaging and the calibration strategies used to meet the
chassis- or engine-based emission standards.

We are proposing to further incentivize HD SI engine manufacturers to adopt their chassis-
certified technologies and approaches in their engine-certified products so that the emission
control strategies of their two product lines are more closely aligned. Specifically, we are
proposing to limit the need for duplicate OBD certification testing if a manufacturer's chassis-

and engine-certified technology packages are sufficiently similar. The current regulations in 40
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CFR part 86 distinctly separate the OBD requirements based on GVWR. Under 40 CFR 86.007-
17, engines used in vehicles at or below 14,000 Ib GVWR are subject to the chassis-based OBD
provisions of 40 CFR 86.1806. Engines in vehicles above 14,000 Ib GVWR are subject to the
engine-based provisions of 40 CFR 86.010-18 and there is no pathway for these larger vehicles
to certify using the chassis-based OBD provisions.

In addition to the general heavy-duty OBD provisions proposed in new section 40 CFR
1036.110, we are proposing to allow vehicle manufacturers the option to request approval to
certify the OBD of their spark-ignition, engine-certified products using data from similar chassis-
certified Class 2b and Class 3 vehicles that meet the provisions of 40 CFR 86.1806-17. As part
of the approval request, manufacturers would show that the engine- and chassis-certified
products use the same engines and generally share similar emission controls (i.e., are "sister
vehicles"). Under this proposal, manufacturers would still be required to submit a separate
application for certification for their engine-certified products, but EPA may approve the use of
OBD testing data from sister vehicles at or below 14,000 Ib GVWR class for the engine-certified
products. We request comment on any additional provisions or limitations we should consider
adopting related to aftertreatment characteristics, chassis configurations, or vehicle classes when
evaluating a manufacturer's request to share OBD data between engine- and chassis-certified
product lines. Specifically, we request comment, including data, on the impact of varying vehicle
components such as transmissions, axle ratios, and fuel tank sizes on the OBD system. Finally,
we request comment on additional compliance provisions, beyond OBD, that could be
streamlined for these sister vehicles.

viii. Potential Off-cycle Standards for Spark-ignition HDE
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As described in Section III.C, CI engines have been subject to not-to-exceed (NTE) standards
and in-use testing requirements for many years. In Section III.C.2, we propose new off-cycle
standards and updated in-use test procedures for CI engines. The proposed in-use test procedures
in 40 CFR part 1036, subpart E, include the steps to perform the manufacturer-run field testing
program for CI engines as migrated and updated from 40 CFR part 86, subpart T. The in-use
procedures are based on a new moving average window (MAW) procedure in 40 CFR 1036.515
that separates in-use operation into idle, low load and medium/high load bins.

For SI engines, we request comment on setting off-cycle standards that would be based on an
approach similar to the one taken by CARB in their HD Omnibus rulemaking.?’® The Omnibus
rule includes "in-use thresholds" (i.e., off-cycle standards) for HD Otto cycle engines based on
the laboratory-run FTP and SET duty cycles, and manufacturers may comply by attesting to
meeting the in-use thresholds in their application for CARB certification. The CARB in-use
thresholds apply to emissions measured over a shift day and processed into a single bin of
operation. The thresholds from the single HD Otto cycle engine bin match CARB's standards in
the medium/high load in-use bin for CI engines.

We are not proposing to include Spark-ignition HDE in our manufacturer-run field testing
program at this time, and we currently lack in-use data to assess the feasibility of doing so, but
we may consider it in a future rulemaking. We request comment on adopting in-use provisions
similar to those for HD Otto cycle engines in CARB's program. Specifically, we request
comment on allowing SI HDE manufacturers to attest to compliance with off-cycle standards in

the application for certification and on not including SI HDE in our manufacturer-run field

378 California Air Resources Board. Staff Report: Initial Statement of Reasons-Public Hearing to Consider the
Proposed Heavy-Duty Engine and Vehicle Omnibus Regulation and Associated Amendments. June 23, 2020. page
I1-33. Available online: https://ww2.arb.ca.gov/rulemaking/2020/hdomnibuslownox
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testing program. We request comment, including data, on the appropriate level of off-cycle
standards we should consider for Spark-ignition HDE. Table III-24 presents a potential set of
single bin off-cycle standards for Spark-ignition HDE that match the medium/high load in-use
bin standards of proposed Options 1 and 2 for CI engines and similarly apply conformity factors
to the proposed FTP and SET duty cycle standards for each pollutant (i.e., 2.0 for MY 2027
through 2030 and 1.5 for MY 2031 and later under Option 1, and 1.5 for MY 2027 and later
under Option 2). We request comment on these or other off-cycle standards we should consider
for Spark-ignition HDE, including whether we should include additional in-use bins if we

finalize LLC or other duty cycles in the future.

Table I11-24 Potential off-cycle exhaust emission standards for Spark-ignition HDE

Scenario | Model Year NOx PM HC CcO

(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)
Proposed | 2027-2030 70 10 120 12.0
Option 1 | 2031 and later | 30 8 60 9.0
Proposed | 2027 and later | 75 8 60 9.0
Option 2

While we are not proposing off-cycle standards or a manufacturer-run in-use testing program
for Spark-ignition HDE, we are soliciting comment on draft regulatory text that could be
included in 40 CFR 1036.104 and 1036.515 and in 40 part CFR 1036, subpart E, with potential
in-use provisions for Spark-ignition HDE.*” Even without a regulatory requirement for
manufacturers to perform field testing, these test procedures would be valuable for Spark-
ignition HDE manufacturers or EPA to compare in-use emissions to the duty cycle standards.
Manufacturers could also use the procedures to verify their DF under the proposed PEMS testing

option in 40 CFR 1036.246. We request comment on adopting in-use test procedures and setting

379 Brakora, Jessica. Memorandum to Docket EPA-HQ-OAR-2019-0055. "Draft regulatory text for potential off-
cycle standards and in-use test procedures for Spark-ignition HDE" July 21, 2021.
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off-cycle standards for Spark-ignition HDE, including data to support the appropriate level of the
standards.
ix. Potential Low Load Cycle and Standards

Heavy-duty gasoline engines are currently subject to FTP testing, and we are proposing a SET
procedure to evaluate emissions performance of HD SI engines under the sustained high speeds
and loads that can produce high emissions. We are also considering whether a low-load cycle
could address the potential for high emissions from SI engines when catalysts may not maintain
sufficient internal temperature to remain effective.

Section II1.B of this preamble describes the LLC duty cycle and standards we are proposing
for HD compression-ignition engines.**° In our ANPR, we requested comment on the need for a
low-load or idle cycle in general, and suitability of CARB’s diesel-targeted low-load and clean
idle cycles for evaluating the emissions performance of heavy-duty gasoline engines. One
commenter suggested the higher exhaust temperatures of SI engines made catalyst deactivation
less of a concern so that a low load cycle was not warranted.>"!

As described in Section III.D.2.iv, we believe the proposed catalyst temperature control
would effectively address idle emissions, but we recognize the value of demonstrating catalyst
effectiveness during periods of prolonged idle and at low load, including when the vehicle
accelerates from a stopped idle condition to higher speeds. We are soliciting comment on
adopting a LLC duty cycle and standards for HD SI engines in addition to or in place of the idle
control proposed in Section II1.D.2.iv. We currently do not have test results demonstrating HD SI

engine performance over the LLC duty cycle.

380 See 40 CFR 1036.104 for the proposed LLC standards and § 1036.512 for the proposed test procedure.
381 Roush comments (EPA-HQ-OAR-2019-0055-0303).
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In considering Spark-ignition HDE standards over the LLC duty cycle, we solicit comment on
applying LLC standards over the useful life periods of proposed Options 1 and 2 for the other
Spark-ignition HDE standards. We also solicit comment on adopting the same numeric level of
the standards for the same pollutants under proposed Options 1 and 2 for CI engines over the
proposed Spark-ignition HDE useful life periods. We request comment on the benefits and
challenges of an LLC standard for HD SI compliance, and encourage commenters to include
emission performance data over the LLC duty cycle or other cycles that they believe would
cause manufacturers to improve the emissions performance of their heavy-duty SI engines under
lower load operating conditions.

3. Feasibility Analysis for the Proposed Exhaust Emission Standards

This section describes the effectiveness and projected costs of the control technologies that we
analyzed in developing our proposed Spark-ignition HDE exhaust emission standards. In
evaluating technology feasibility, we considered impacts on energy by monitoring CO2
emissions, the lead time manufacturers need to develop and apply control strategies and
implement performance demonstrations, and the need to maintain utility and safety of the
engines and vehicles.

Our feasibility analyses for the proposed Options 1 and 2 FTP and SET exhaust emission
standards are based on the HD SI technology demonstration program summarized in this section
and detailed in Chapter 3.2.2.3 of the draft RIA. Feasibility of the proposed FTP standards is
further supported by compliance data submitted by manufacturers for the 2019 model year. We
also support the feasibility of the proposed Options 1 and 2 SET standards using engine fuel
mapping data from a test program performed by the agency as part of the HD GHG Phase 2

rulemaking. See Chapter 3.2 of the draft RIA for more details related to these datasets.
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1. Summary of Exhaust Emission Technologies Considered

This section summarizes the specific technologies and emission control strategies we
considered as the basis for our proposed exhaust emission standards. The technologies presented
in this section are described in greater detail in Chapters 1 and 3 of the draft RIA.

Our proposed Options 1 and 2 Spark-ignition HDE exhaust emission standards are based on
the performance of the technology packages widely adopted for SI engines in chassis-certified
vehicles today. We project manufacturers would meet our proposed standards by building on
their existing TWC-based emission control strategies. Our technology demonstration evaluated
advanced catalyst formulations, catalyst design changes including light-off catalysts located
closer to the engine, engine down-speeding, and engine calibration strategies that can minimize
enrichment during high-load and accelerate light-off for lower load and idle operations.

The catalyst system and related exhaust components have progressed in recent light-duty
applications and are currently able to tolerate significantly higher exhaust gas temperatures while
still maintaining emission control over the current useful life. We expect that improved
materials, such as the advanced catalyst formulations evaluated in our technology demonstration,
along with more robust temperature management would result in significant emission reductions
and engines that are able to meet the proposed standards. The advanced catalyst formulations we
evaluated were aged to 250,000 miles, which is longer than the useful life mileages that would
apply under proposed Options 1 and 2 for Spark-ignition HDE.*%2

Engine down speeding can help avoid the high speed, high exhaust gas temperature

conditions that typically result in fuel enrichment due to engine component durability and

382 Proposed Option 1 includes a useful life of 155,000 miles or 12 years for model years 2027 through 2030 and
200,000 miles or 15 years for model years 2031 and later. Proposed Option 2 includes a useful life of 150,000 miles
or 10 years for model years 2027 and later. See Section IV.A. for the development of our proposed useful life
periods.

243



catalyst thermal concerns. With the integration of modern multi-speed electronically controlled
transmissions, this down speeding approach is extremely feasible and likely to also reduce
engine wear and improve fuel consumption with little perceptible effect on performance for
commercial vehicle operation. In our demonstration program, we reduced the b engine's
manufacturer-stated maximum test speed of 4715 RPM to 4000 RPM to evaluate the impact of
engine down-speeding.
i1. Projected Exhaust Emission Technology Package Effectiveness
a. Technology Effectiveness over the FTP Duty Cycle

Our HD SI technology demonstration program evaluated several pathways manufacturers
could use to achieve the proposed Options 1 and 2 standards. As shown in Table III-25, use of
advanced catalysts provided substantial NOx emission reductions over the FTP duty cycle
beyond the performance demonstrated by technologies on recently certified engines.>** Engine
down-speeding further decreased CO emissions while maintaining NOx, NMHC, and PM
control. Engine down-speeding also resulted in a small improvement in brake specific fuel

consumption over the FTP duty cycle reducing from 0.46 to 0.45 1b/hp-hr. See Chapter 3.2.3 of

the draft RIA for an expanded description of the test program and results.

383 As presented later in this section, MY 2019 gasoline-fueled HD SI engine certification results included NOx
levels ranging from 29 to 160 mg/hp-hr at a useful life of 110,000 miles.
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Table I11-25 Exhaust Emission Results from FTP Duty Cycle Testing in the HD SI Technology

Demonstration

NOx PM NMHC co

(mg/hp-hr) (mg/hp-hr) (mg/hp-hr) (g/hp-hr)
5;230258(217(_);‘;13051) 1 Standards 35 s 60 60
Z\r/?gozsgg 1clrgéogtir§tandards 20 5 40 6.0
Z\r/?gozsgg%%ogéstandards >0 5 40 6.0
23?&535&%&1\2;;5'[6‘ 19 4.8 32 4.9
Advaneed Cataystt 18 45 3s 025

2 Base engine's manufacturer-stated maximum test speed is 4715 RPM; advanced catalyst aged to 250,000 miles
> Down-sped engine's maximum test speed lowered to 4000 RPM; advanced catalyst aged to 250,000 miles

We expect manufacturers could achieve similar emission performance by adopting other
approaches, including a combination of calibration changes, optimized catalyst location, and fuel
control strategies that EPA was unable to evaluate in our demonstration program due to limited
access to proprietary engine controls.

In addition to our demonstration program, we evaluated the feasibility of the proposed
Options 1 and 2 FTP standards by considering the performance of recently-certified engines. As
detailed in Chapter 3.2.3.1 of the draft RIA, MY 2019 compliance data over the FTP duty cycle
included the performance of six HD SI engine families from four manufacturers, representing the
emission performance of all gasoline-fueled HD SI engines certified in MY 2019 as incomplete
vehicles (i.e., engine certified).

Table I11-26 presents the manufacturer-reported MY 2019 levels for the three pollutants
addressed by TWCs: NOx, NMHC and CO.** PM emissions for most of these SI engines were

undetectable and reported as zero for certification. In the table, we identify the six certified

384 U.S. EPA. “Heavy-Duty Highway Gasoline and Diesel Certification Data (Model Years: 2015 — Present)”.
Available online: https://www.epa.gov/sites/production/files/2020-01/heavy-duty-gas-and-diesel-engines-2015-
present.xIsx. Accessed June 2020.
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engines by descending NOx level and note that three of the six engines, representing over 70

percent of the MY 2019 engine-certified, gasoline-fueled HD SI engines, achieve a NOx level

that is less than half the current standard of 0.20 g/hp-hr (i.e., 200 mg/hp-hr). When calibrating

their engines, SI manufacturers experience tradeoffs in TWC performance for the three

pollutants and each manufacturer may optimize their emission controls differently while

complying with applicable emission standards. As expected, the certification results show no

clear relationship between NMHC or CO emissions and the level of reduced NOx among the

various engine calibrations.

Table I1I-26 FTP Duty Cycle Emission Levels Reported for Six Engine-Certified, Gasoline-fueled HD SI

Engines in MY 2019

Cert Cert Cert Cert Cert Cert

Engine 1 Engine 2 Engine 3 Engine 4 Engine § Engine 6
NOx (mg/hp-hr)® 160 120 104 89 70 29
NMHC (mg/hp-hr)? 50 60 80 42 80 42
CO (g/hp-hr) 3.7 6.6 8.6 1.5 12.7 2.3
Fraction of MY 2019
HD SI Gasoline-Fueled 2% 20% 4% 20% 48% 5%
Engine Sales

*NOx and NMHC values are converted from g/hp-hr to mg/hp-hr to match the units of our proposed standards for
NOx and HC, respectively.

To evaluate the NMHC and CO emissions, we calculated an overall average for each pollutant
that includes all engines, and separately averaged a smaller subset of the three engines (i.e., Cert
Engines 4-6) with the lowest NOx levels. Table I1I-27 compares these two averages with the
EPA 2010 standards and results from the engine family with the best NOx emission performance

of the MY 2019 compliance data.

246



Table III-27 Average Emission Performance for Engine-Certified, Gasoline-Fueled HD SI Engines in MY

2019
Pollutant EPA 2010 Overall Subset Best NOx
Standard Average Average Performance
NOx (mg/hp-hr)? 200 95 63 29
NMHC (mg/hp-hr)? 140 59 55 42
CO (g/hp-hr) 14.4 5.9 5.5 2.3

INOx and NMHC values are converted from g/hp-hr to mg/hp-hr to match the units of our proposed
standards for NOx and HC, respectively.

Comparing the results in Table III-26 to the averages in Table I1I-27, we see that the overall
average NMHC level of 59 mg/hp-hr and CO level of 5.9 g/hp-hr for the six engines are met by
three engine families today. We expect at least one additional family could achieve the overall
average NMHC and CO levels with calibration changes to adjust cold start catalyst light-off
timing and refine the catalyst protection fuel enrichment levels. The NMHC and CO emissions
averages for these MY 2019 engines align with our MY 2027 proposed Options 1 and 2
standards for those pollutants. The emission levels of the engine with the best NOx performance
are approaching the levels we are proposing for our Option 1 MY 2031 standards. While these
recent certification results suggest it may be feasible for some manufacturers to meet the
proposed Option 1 standards with current engine technology, it is less clear if the same emission
levels could be maintained at the proposed useful life periods. We believe the combination of our
proposed Option 1 standards and lengthened useful life would force some level of improved
component durability or increased catalyst volumes beyond what is available on current HD SI
engines and it will take additional time for manufacturers to develop their approach to
complying.

b. Technology Effectiveness over the SET Duty Cycle
As noted in Section II1.D.2.1ii, we are proposing Spark-ignition HDE standards for the SET

duty cycle to ensure emissions are controlled under high load and speed conditions. Our HD SI
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technology demonstration program evaluated emission performance over the SET duty cycle. As
shown in Table I11-28, the NOx and NMHC emissions over the SET duty cycle were
substantially lower than the emissions from the FTP duty cycle (see Table I11-25). Engine down-
speeding improved CO emissions significantly, while NOx, NMHC, and PM remained low.
Engine down-speeding also resulted in a small improvement in brake specific fuel consumption
over the SET duty cycle reducing from 0.46 to 0.44 1b/hp-hr. See Chapter 3.2.3 of the draft RIA

for an expanded description of the test program and results.

Table I11-28 Exhaust Emission Results from SET Duty Cycle Testing in the HD SI Technology

Demonstration

NOx PM NMHC CcO

(mg/hp-hr) (mg/hp-hr) (mg/hp-hr) (g/hp-hr)
Proposed Option 1 Standards 35 5 60 6.0
(MY 2027-2030)
Proposed Option 1 Standards 20 5 40 6.0
(MY 2031 and later)
Proposed Option 2 Standards 50 5 40 6.0
(MY 2027 and later)
Base Engine with 8 7 6 36.7
Advanced Catalyst*
Down-sped Engine with 5 3 1 7.21
Advanced Catalyst®
2 Base engine's manufacturer-stated maximum test speed is 4715 RPM; advanced catalyst aged to
250,000 miles.
® Down-sped engine's maximum test speed lowered to 4000 RPM; advanced catalyst aged to
250,000 miles.

Similar to our discussion related to the FTP standards, we expect manufacturers could achieve
similar emission performance over the SET duty cycle by adopting other approaches, including a
combination of calibration changes, optimized catalyst location, and fuel control strategies that
EPA was unable to evaluate due to limited access to proprietary engine controls.

To evaluate the impact of fuel enrichment and supplement our SET feasibility analysis, we
created a surrogate array of SET test points using HD SI engine fuel mapping data from a HD

GHG Phase 2 test program (see Chapter 3.2.3 of the draft RIA). The test program tested a V10
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gasoline engine on an early version of EPA's steady-state fuel mapping procedure that requires
the engine to be run for 90 seconds at each of nearly 100 speed and torque points.**> The first 60
seconds at each point allowed the engine and fuel consumption to stabilize and the last 30
seconds were averaged to create the fuel map point.

For this analysis, we evaluated three subsets of the emissions data (NOx, NMHC, and CO)
over the range of engine speeds and torque values. The first subset of data included conditions
where the engine went into power enrichment, as indicated by the air-fuel ratio. The second
subset of data included conditions where the engine controller activated a catalyst protection fuel
enrichment strategy before a power enrichment strategy was enabled. The third subset included
only conditions where the engine maintained stoichiometric air-fuel ratio.

Peak torque points for each of these data subsets were used to calculate the A, B and C
speeds and create three unique sets of surrogate SET test points. Emission rates for NOx,
NMHC, and CO shown in Table I1I-29 were calculated by interpolating the data subsets at each
of the SET test points. Finally, the results were weighted according to the existing CI-based

weighting factors outlined in 40 CFR 86.1362.

Table I11-29: Emission rates calculated for surrogate SET test points for each data subset

NOx NMHC Cco
(mg/hp-hr) (mg/hp-hr) (g/hp-hr)
Proposed Option 1 Standards 35 60 6.0
(MY 2027 -2030)
Proposed Option 1 Standards 20 40 6.0
(MY 2031 and later)
Proposed Option 2 Standards 50 40 6.0
(MY 2027 and later)
Power Enrichment Allowed 11 110 45.2
Catalyst Protection with 19 30 11.4
No Power Enrichment
Stoichiometric Operation 28 10 0.97

385 The final version of this test procedure is outlined in 40 CFR 1036.535.
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As observed in the surrogate SET test data, any enrichment mode, whether for power or
catalyst protection purposes, resulted in substantial NMHC and CO emission increases from
stoichiometric operation. When the engine was commanded into power enrichment mode and no
longer maintained stoichiometric operation, NMHC and CO emissions rose 10 and 50 times
higher, respectively. These results suggest that it is feasible for manufacturers to achieve low
emission levels over the 13 modes of an SET duty cycle if their engines maintain stoichiometric
operation. This can be accomplished with engine calibrations to optimize the TWC tradeoffs and
fuel-air control strategies to limit preventable fuel enrichment.

iii. Derivation of the Proposed Standards

We are maintaining fuel neutrality of the proposed standards by applying the same numerical
standards across all primary intended service classes. The proposed Options 1 and 2 NOx and
PM levels for the FTP and SET duty cycles are based on the emission performance of
technologies evaluated in our HD CI engine technology demonstration program.*® We are
basing the proposed Options 1 and 2 FTP and SET standards for HC and CO on HD SI engine
performance as described in Section III1.D.3.11 and summarized in this section.

Results from our HD SI technology demonstration program (see Table I1I-25 and Table
I11-28) show that the proposed NOx standards based on our CI engine feasibility analysis are also
feasible for HD SI engines over the FTP and SET duty cycles for both options. The proposed
Option 1 MY 2031 NOx standard was achieved by implementing an advanced catalyst with
minor catalyst system design changes, and NOx levels were further improved with engine down-

speeding. The emission control strategies that we evaluated did not specifically target PM

386 Our assessment of the projected technology package for compression-ignition engines is based on both CARB's
and EPA's technology demonstration programs. See Section III.B for a description of those technologies and test
programs.
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emissions, but we note that PM emissions remained low in our demonstration. We project HD SI
engine manufacturers would be able to maintain near-zero PM levels with limited effort. We
request comment on challenges manufacturers may experience to maintain effective PM control,
including duty cycles other than FTP.

For proposed Option 1, starting in model year 2027, we are proposing to lower the HC and
CO FTP standards consistent with the overall average NMHC and CO levels achieved by engine-
certified, gasoline-fueled HD SI engines over the FTP cycle today (see Table I1I-27). We note
that the MY 2019 engine certified with the lowest NOx (i.e., Cert Engine #6) is below our
proposed MY 2027 NOx standard (35 mg/hp-hr) and maintains NMHC and CO emissions below
those average levels on the FTP cycle. We are proposing the same standards of 60 mg HC/hp-hr
and 6.0 g CO/hp-hr would apply over the new SET duty cycle starting in MY 2027. We believe
emission levels based on average engine performance today would be a low cost step to update
and improve emission performance across all certified Spark-ignition HDE, and serve as anti-
backsliding standards as manufacturers optimize their TWCs, implement a new duty cycle, and
improve component durability in response to the proposed longer useful life periods. CO levels
in our SET demonstration were above the proposed standard, but manufacturers have
opportunities to reduce CO below our proposed standard by optimizing their TWC calibrations
and maintaining stoichiometric conditions over more of their high load operation (see Table
111-29).

Proposed Option 2 (MY 2027 and later) and step 2 of proposed Option 1 (MY 2031 and later)
include the same proposed numeric HC standards of 40 mg HC/hp-hr and 6.0 g CO/hp-hr for the
FTP and SET duty cycles. For the FTP duty cycle, results of our demonstration program show

that the proposed HC standard would be achievable without compromising NOx or CO emission
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control (see Table III-25). For the SET duty cycle, lower levels of NMHC were demonstrated,
but at the expense of increased CO emissions in those higher load operating conditions (see
Table I1I-28). The considerably lower NOx and HC in our SET duty cycle demonstration results
leave enough room for manufacturers to calibrate the tradeoff in TWC emission control of NOx,
HC, and CO to reduce CO below our proposed CO standard. For these reasons, we are proposing
the FTP standard of 40 mg HC/hp-hr standard apply over the SET duty cycle. Proposed Options
1 and 2 generally represent the range of lead time, standards, and useful life periods we are
currently considering in this rule for HD SI engines.

We request comment on the proposed Spark-ignition HDE FTP and SET standards, including
the appropriateness of applying the same numeric emission levels for both duty cycles.
Commenters suggesting more stringent standards are encouraged to provide data showing lower
standards are achievable at their suggested useful life periods. We also request comment on our
approaches to maintain fuel neutrality by proposing numerically identical standards for heavy-
duty CI and SI engines.

iv. Summary of Costs to Meet the Proposed Exhaust Emission Standards

To project costs for HD SI technology packages manufacturers could adopt to meet the
proposed standards, we combined manufacturers' HD SI MY 2019 compliance data into sales-
weighted averages by vehicle category to account for aftertreatment system differences by
engine. The discussion below summarizes our estimate of the technology costs to meet our
proposed Spark-ignition HDE standards. See Chapter 3.2.3 of the draft RIA for an expanded
description of the projected sales-weighted average catalyst volumes, PGM loadings, and other
factors used to calculate our costs for HD SI engines and Section V of this preamble for a

summary of how these technology costs are included in the overall cost of this proposal.
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We calculated aftertreatment system costs for four categories of SI engines. The largest
category, liquid-fueled SI engines, includes engines fueled by gasoline, ethanol, and ethanol
blends, and represents the majority of HD SI engines on the market today. The second category,
gaseous-fueled SI engines, includes engines fueled by compressed natural gas (CNG) or liquified
petroleum gas (LPG). In addition to the general gaseous-fueled SI engines, we separately
analyzed two subsets of gaseous-fueled SI engines (HHD and urban bus) that have unique
market shares and distinct aftertreatment demands.

Table I1I-30 summarizes the projected technology costs for HD SI engines to meet our
proposed standards. Chapter 3.2.3 of the draft RIA contains a more detailed breakdown of the
costs. Our projected costs for the liquid-fueled SI engines are based on the aftertreatment system
used in our HD SI technology demonstration program (see Section III.D.3). As shown in our
demonstration program, liquid-fueled SI engine manufacturers could use the same catalyst
systems in both proposed Options, including both steps (MY 2027 and 2031) of Option 1 to meet
the proposed exhaust emission standards, so we projected a single cost. We request comment,
including data, regarding calibration costs for manufacturers to optimize their Option 1 MY 2027
systems to meet the proposed Option 1 MY 2031 standards and costs for manufacturers to
reprogram the existing electronics and software to down-speed their multi-speed transmissions.
For this analysis, we assumed these costs would be part of the general research and development
costs for the rule and did not separately quantify them. We did not make any additional cost
adjustments to account for the proposed lengthened useful life, since the aftertreatment system
used in the demonstration program represented catalysts aged to 250,000 miles.

We projected that most of the gaseous-fueled SI engines would include similar aftertreatment

system upgrades as the liquid-fueled SI engines to meet the proposed standards and those costs
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are also summarized in Table I11-30 and detailed in the draft RIA. The HHD and urban bus
gaseous-fueled SI engine categories in our analysis had lower projected technology costs to meet
the proposed standards. These two subsets include engines that were certified in MY 2019 to
California’s optional and more stringent 0.02 g/hp-hr NOx standard. We assumed no additional
technology would be needed for these engines to meet the proposed standards in future model
years. Our projected costs for these engines were limited to durability improvements to the
catalyst substrate support structure (can material, mat, seals, etc.) to meet the requirements of our

proposed lengthened useful life mileages.

Table III-30 Summary of Spark-ignition HDE Direct Manufacturing Package Costs

Cost Packages (2019%) Liquid Fueled Gaseous Fueled

SI Engine SI Engine SI HHD SI Urban Bus
Baseline Technology $322 $365 $3,348 $2,511
Projected Technology $732 $646 $3,376 $2,531
Projected Technology $410 $281 $28 320
Incremental

4. Potential Alternative

We also considered the emissions impact of an alternative (the Alternative) that is more
stringent than our proposed Option 1 MY 2031 standards when considering the combination of
numeric level of the standards, length of useful life, and lead time (see Table I1I-31 through
Table I11-33). The Alternative matches our proposed Option 1 MY 2031 FTP and SET standards
for NOx, PM, and CO, but has lower (more stringent) HC standards, and starts four years earlier
for all pollutant standards, in MY 2027. The useful life and warranty mileages for the Alternative
are also longer than those of proposed Option 1 for MY's 2031 and later SI engines. As shown in
Table I1I-25 and Table I11-28, available data indicate that the combination of NOx, HC, and CO
emission levels over the longer useful life period reflected in the Alternative standards would be

very challenging to meet in the MY 2027 timeframe.
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We believe the additional lead time provided by the second step of the proposed Option 1 MY
2031 standards, combined with the higher numeric standard for HC and the shorter useful life
mileage, results in the proposed Option 1 standards being both feasible and technology forcing.
Proposed Option 1 represents the most stringent range of lead time, standards, regulatory useful
life periods, and emission-related warranty periods we are currently considering in this rule for
HD SI engines unless we receive additional data to support a conclusion that the Alternative

standards are feasible in the MY 2027 timeframe.

Table I1I-31 Comparison of FTP Standards in the HD SI Engine Proposed Options and Alternative

Scenario Model Years | NOx PM HC CcO
(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed 2027 — 2030 35 5 60 6.0

Option 1 2031 and later | 20 5 40 6.0

Proposed 2027 and later | 50 5 40 6.0

Option 2

Alternative | 2027 and later | 20 5 10 6.0

Table III-32 Comparison of SET Standards in the HD SI Engine Proposed Options and Alternative

Scenario Model Years | NOx PM HC CO
(mg/hp-hr) | (mg/hp-hr) | (mg/hp-hr) | (g/hp-hr)

Proposed 2027 — 2030 35 5 60 6.0

Option 1 2031 and later | 20 5 40 6.0

Proposed 2027 and later | 50 5 40 6.0

Option 2

Alternative | 2027 and later | 20 5 10 6.0

Table I11-33 Comparison of Useful Life and Emissions Warranty Mileages in the HD SI Engine Proposed
Options and Alternative

Scenario Model Years | Useful Life Mileage | Warranty Mileage
Proposed 2027 — 2030 155,000 110,000

Option 1 2031 and later | 200,000 160,000

Proposed 2027 and later | 150,000 110,000

Option 2

Alternative | 2027 and later | 250,000 200,000

See Section 5.2.2. for more details on how we used MOVES to model our proposed options

and alternative scenarios for the inventory analysis. We projected the same HD SI technology
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costs would apply for proposed Options 1 and 2. We believe the range of the proposed Options 1
and 2 standards could be achieved with the same advanced catalyst system from our
demonstration program with complete access to calibration controls. That same catalyst system
was aged to cover the range of useful life mileages included in the proposed options. See Section
V of this preamble and Chapter 7 of the draft RIA for a description of the overall costs of the
proposed options. Since we do not currently have information to indicate that the Alternative
standards are feasible in the MY 2027 timeframe with the emission control technologies we
evaluated, we are not presenting an analysis of the costs of the Alternative.

5. Summary of Requests for Comment

For heavy-duty SI engines, we are requesting comment regarding the cost, feasibility, and
appropriateness of our proposed Options 1 and 2 standards, duty cycles, and test procedure
updates. See the previous sections for specific requests for comment on each of those topics.
When submitting comments, we request that commenters provide data, where possible, or
additional references to support their positions.

We request comment on the implementation years of the program, the numeric levels of our
proposed standards for FTP and SET duty cycles, and our approach to propose the same numeric
standards for the two duty cycles and for both CI and SI engines.

We request comment on the proposed changes to test procedures, including the addition of the
SET duty cycle and the disabling of AECDs that impact peak torque during engine mapping. We
request commenters to include data to support recommended modifications to the CI-based SET
duty cycle or powertrain test procedures for SI engine testing. We also seek comment on whether

adjustment factors, similar to IRAFs used for CI engines, should be applied to SI duty cycle
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results to account for the HC, CO, NOx, and PM emission increases that may occur due to
enrichment AECDs.

We introduced several proposals in this section intended to achieve emission reductions
without the need for manufacturers to perform additional tests. We are not proposing HD SI
standards over the low load cycle or an idle test, but request comment on the need for these
emission performance demonstrations in addition to or to replace our proposed procedures. We
request comment on our proposed requirement that manufacturers maintain a catalyst
temperature above 350 °C to ensure effective idle emission control or if an idle test procedure
would be a better approach. Our proposed process to validate the accuracy of catalyst protection
models is based on a 5 °C temperature allowance. We request comment on that allowance, the
need for more specific procedures or technology specifications, and whether we should require
continuous monitoring using temperature sensors instead of allowing the use of models. We are
proposing flexibilities in OBD certifications for integrated engine manufacturers and request
comment on additional flexibilities or restrictions we should consider.

E. Summary of Spark-Ignition Heavy-Duty Vehicle Refueling Emission Standards and Test
Procedures

Compliance with evaporative and refueling emission standards is demonstrated at the vehicle
level. The vehicle manufacturers that produce HD SI engines sell complete vehicles and, in some
instances, sell incomplete vehicles to secondary manufacturers. As noted in the following
section, we are proposing refueling emission standards for incomplete vehicles above 14,000 1b
GVWR under both proposed Options 1 and 2. These proposed standards would apply over a
useful life of 15 years or 150,000 miles, whichever occurs first, consistent with existing

evaporative emission standards for these vehicles. Evaporative and refueling emission standards
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currently apply for complete vehicles and we are not reopening or proposing to change those
requirements in this rulemaking.
1. Current Refueling Emission Standard and Test Procedures

Spark-ignition engines generally operate with volatile liquid fuel (such as gasoline or ethanol)
or gaseous fuel (such as natural gas or LPG) that have the potential to release high levels of
evaporative and refueling HC emissions. As a result, EPA has issued evaporative emission
standards that apply to vehicles powered by these engines.*®” Refueling emissions are
evaporative emissions that result when the pumped liquid fuel displaces the vapor in the vehicle
tank. Without refueling emission controls, most of those vapors are released into the ambient air.
The HC emissions emitted are a function of temperature and the Reid Vapor Pressure (RVP).?®8
The emissions control technology which collects and stores the vapor generated during refueling
events is the Onboard Refueling Vapor Recovery (ORVR) system.

Light-duty vehicles and chassis-certified complete heavy-duty vehicles that are 14,000 1bs
GVWR and under have been meeting evaporative and refueling requirements for many years.
ORVR requirements for light-duty vehicles started phasing in as part of EPA's National Low
Emission Vehicle (NLEV) and Clean Fuel Vehicle (CFV) programs in 1998.3% In EPA's Tier 2
vehicle program, all complete vehicles with a GVWR of 8,500 to 14,000 lbs were required to
phase-in ORVR requirements between 2004 and 2006 model years.** In the Tier 3 rulemaking,
all complete vehicles were required to meet a more-stringent standard of 0.20 grams of HC per

gallon of gasoline dispensed by MY 2022 (see 40 CFR 86.1813-17(b)).*! Engine-certified

38740 CFR 1037.103.

388 E.M. Liston, American Petroleum Institute, and Stanford Research Institute. A Study of Variables that Effect the
Amount of Vapor Emitted During the Refueling of Automobiles. Available online:
https://books.google.com/books/about/A_Study of Variables that Effect the Amo.html?id=KW2IGwAACAAJ.
38962 FR 31192 (June 6, 1997) and 63 FR 926 (January 7, 1998).

390 65 FR 6698 (February 10, 2000).

39179 FR 23414 (April 28, 2014) and 80 FR 0978 (February 19, 2015).
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incomplete heavy-duty vehicles that run on volatile liquid fuels have evaporative emission
standards that phase in over model years 2018 through 2022, but the refueling standards were
optional for incomplete vehicles.3*?

The current evaporative and refueling emissions test procedures in 40 CFR part 1066, subpart
J, require that testing occur in a sealed housing evaporative determination (SHED) enclosure
containing the complete vehicle. This procedure is used by all light-duty and heavy-duty
complete vehicles subject to the refueling standards, and manufacturers have designed and built
the SHEDs at their test facilities for these vehicles. Since evaporative and refueling emission
control systems in heavy-duty vehicles are often larger versions of those used in light-duty
vehicles, EPA's regulations allow manufacturers to certify their vehicles above 14,000 Ib GVWR
using an engineering analysis in lieu of providing test data.>*>

During a recent test program, EPA learned that very few SHEDs are available that could fit
vehicles over 14,000 Ib GVWR, as the length and height of these vehicles exceed the dimensions
of most SHEDs.3**3% Additionally, the limited number of large-volume SHEDs available at
third-party laboratories have challenges in accurately measuring refueling emissions because of
the very large volume inside the enclosures.**® These measurement challenges do not currently

impact manufacturers' ability to demonstrate compliance for current evaporative emissions

standards because the regulations allow manufacturers to submit an engineering analysis to

392 Complete heavy-duty vehicles above 14,000 b GVWR are subject to refueling standards starting in model year
2022. EPA has not yet received any certification applications for complete vehicles over 14,000 Ib GVWR.

39340 CFR 1037.103(c).

394 SGS-Aurora, Eastern Research Group, “Light Heavy-Duty Gasoline Vehicle Evaporative Emissions Testing.”
EPA-420-R-19-017. December 2019.

395 U.S. Environmental Protection Agency. "Summary of “Light Heavy-Duty Gasoline Vehicle Evaporative
Emissions Test Program”" EPA-420-S-19-002. December 2019.

39 See Chapter 2.3 of the draft RIA for a summary of this test program and the challenges of applying a test
procedure originally developed for light-duty vehicles to much larger chassis that are certified as incomplete
vehicles.
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demonstrate compliance in lieu of testing their heavier vehicles, and currently no HD SI engine
manufacturers certify complete vehicles in the over-14,000 b GVWR vehicle class where testing
is required.
2. Proposed Updates to Refueling Requirements

As HD SI engines continue to improve in their ability to reduce exhaust emissions,
evaporative emissions become an increasingly significant contributor to overall HC emissions. In
response to our ANPR, ORVR suppliers commented in support of refueling requirements for
incomplete heavy-duty vehicles, noting the industry’s experience improving, testing, and
implementing the technology.**” We are proposing refueling emission standards for incomplete
vehicles above 14,000 Ib GVWR starting in model year 2027 (see 40 CFR 1037.103). We
propose that these standards apply for a useful life of 15 years or 150,000 miles, whichever
occurs first, consistent with the current useful life for evaporative emission standards in 40 CFR
86.1805. We are not proposing any change to the evaporative emission standards or the useful
life for the evaporative standards. Since the refueling and evaporative emission standards are
based on the use of similar fuel system-based technologies, it is appropriate that the useful life
for the refueling standards be the same as the useful life for evaporative standards. This approach
to useful life for our proposed refueling standards is consistent with the ORVR suppliers’
comments.

Current refueling requirements are limited to complete vehicles, and all current heavy-duty SI
engines for the over-14,000 Ib GVWR vehicle classes are being certified as part of incomplete
vehicles. As a result, hydrocarbon vapors from the largest HD SI engines are uncontrolled each

time these vehicles are refueled. Results from a recent EPA test program found refueling

397 See comments from the Manufacturers of Emission Controls Association (EPA-HQ-OAR-2019-0055-0365) and
Ingevity Corporation (EPA-HQ-OAR-2019-0055-0271).
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emissions of more than 10 times the current light-duty ORVR standard for the two uncontrolled
HD gasoline-fueled vehicles tested.**®3* ORVR systems include mature technologies that have
been widely adopted in vehicles below 8,500 b GVWR since model year 2000.*° As we present
in our feasibility discussion in Section III.E.3.1i, the fuel systems of these larger heavy-duty
engines are similar to their chassis-certified counterparts and we expect manufacturers would
generally be able to scale their existing light-duty systems to meet the needs of the larger fuel
tanks in their heavy-duty engine products.
1. Proposed ORVR Test Procedure and HC Standard

We are proposing a refueling emission standard of 0.20 grams HC per gallon of liquid fuel for
incomplete vehicles above 14,000 Ib GVWR, which is the same as the existing refueling
standard for complete vehicles.*’! We note that this proposed refueling emission standard would
apply to all liquid-fueled Spark-ignition HDE, including gasoline and ethanol blends.**? As
described in Section II1.D.3, we believe it is feasible for manufacturers to achieve this standard
by adopting large-scale versions of the technology in use on complete vehicles. We request
comment on our proposed standard.

The current provision in 40 CFR 1037.103(c) allows vehicles above 14,000 Ib GVWR to
demonstrate they meet evaporative and optional refueling standards using an engineering

analysis that compares the system to one certified in a full-scale SHED demonstration. We

398 SGS-Aurora, Eastern Research Group, “Light Heavy-Duty Gasoline Vehicle Evaporative Emissions Testing.”
EPA-420-R-19-017. December 2019.

399U.S. Environmental Protection Agency. "Summary of “Light Heavy-Duty Gasoline Vehicle Evaporative
Emissions Test Program™" EPA-420-S-19-002. December 2019.

400 65 FR 6698 (February 10, 2000).

401 See our proposed updates to 40 CFR 1037.103.

402 We are not proposing changes to the current refueling requirements that apply for gaseous-fueled Spark-ignition
HDE. Vehicles above 14,000 Ib GVWR that are fueled by CNG or LNG would continue to meet the fueling
connection requirements (see 40 CFR 1037.103(d)) and fuel tank hold-time requirements (see 40 CFR 1037.103(e)),
respectively, and would be deemed to comply with the newly applicable proposed refueling standard.
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propose to continue to allow manufacturers to demonstrate they meet the proposed refueling
standards using an engineering analysis, and manufacturers would continue to use this provision
in light of the SHED testing challenges summarized in Section III.E.1 and in Chapter 2.3 of the
draft RIA. Nonetheless, in general we continue to view full-scale, vehicle SHED testing as the
most accurate representation of real world evaporative and refueling emissions and consider it
the preferred means of demonstrating refueling emission control performance for certification.
We are considering updates to adapt the current test procedures to accommodate vehicles in
the greater than 14,000 Ib GVWR classes and to address the challenges highlighted in EPA’s test
program.“*® The light-duty procedures require full-scale vehicle testing using complete vehicles
in SHED enclosures. The current test procedures and most existing SHED facilities were
designed to test passenger vehicles and heavy-duty complete vehicles that are much smaller than
commercial vehicles in the over-14,000 Ib GVWR classes. While a limited number of third-party
laboratories are available with larger SHED facilities, we identified two key updates needed to
accurately adapt the current refueling procedures to larger SHEDs that would fit vehicles above
14,000 Ib GVWR. As discussed in Chapter 2.3 of the draft RIA, we need to extend the mixing
time for the larger volume of ambient air to reach a homogeneous distribution and identify a
means to accurately calculate the diverse vehicle volumes that displace air in the enclosure. We
currently have limited data to inform these updates and request comment, including data, on
appropriate mixing times and approaches to calculating air displacement in larger SHED
enclosures. Additionally, we request comment on other aspects of the current test procedures that

could be improved for evaluating vehicles above 14,000 Ib GVWR.

403 Chapter 2.3 of the draft RIA summarizes this test program.
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We also request comment on the conditioning procedure to prepare the canister for testing.
The current preparatory cycle used by complete HD vehicles is modeled after light-duty vehicle
driving patterns and vehicles typically with much smaller fuel tanks and canisters.*** The current
conditioning procedure is designed to challenge the purge system in scenarios such as heavy
traffic, slow speeds and start-stop events over shorter drive distances and time. Heavy-duty
vehicles, with larger fuel tanks and canisters, may drive more miles and longer time periods and
have greater power demands that may help purge the larger canisters more easily than allowed in
the current light duty vehicle test. Commercial vehicles typically experience more daily
operation in traffic and on roads delivering goods but generally drive more miles and hours daily
and operate under higher loads, which can accelerate the removal of vapors stored in the canister
system from a diurnal or prior refueling event. We request comment on a specific canister
conditioning cycle or adjustments to the current conditioning cycle that would better represent
real world loading for heavy-duty vehicles entering a refueling event.

We also request comment on additional ORVR performance demonstrations EPA should
consider adopting. One option would be to allow manufacturers to evaluate the entire ORVR
system of an incomplete vehicle (e.g., fuel tank, filler pipe, canister, control valves) separate
from the vehicle body and chassis. Using an approach of only testing refueling components,
manufacturers could use existing, widely-available chassis testing SHED enclosures, since there
would no longer be a need to design expanded test cell volumes to accommodate the larger and
more diverse vehicle configurations produced as incomplete vehicles. Similarly, an ORVR
components test could also be performed in a smaller scale SHED (sometimes referred to as a

“mini-SHED” or “rig SHED”), which is allowed by CARB for certain evaporative tests and was

404 40 CFR 86.132-00.
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incorporated by reference as a phase-in option for evaporative emissions testing in our Tier 3
light-duty rulemaking.**> A smaller SHED enclosure provides a simpler test methodology with
further reduced variability. Since testing the refueling-related components independent of the
vehicle eliminates the challenge of minimizing other hydrocarbon sources not associated with
fuel or the fuel system (e.g., tires, plastics, paints), we request comment on the appropriate
numeric level for the standard if evaluated using this simpler testing option, as the proposed
standard is currently based on a full-vehicle test procedure. We request comment on these
component-focused options or other alternatives, including specific test procedures, numeric
standards, and appropriate canister conditioning cycles that we should consider to represent real
world operation for these heavy-duty vehicles.
ii. Impact on Secondary Manufacturers

For incomplete vehicles above 14,000 Ib GVWR, the chassis manufacturer performs the
evaporative emissions testing and obtains the vehicle certificate from EPA. When the chassis
manufacturer sells the incomplete vehicle to a secondary vehicle manufacturer, the chassis
manufacturer provides specific instructions to the secondary manufacturer indicating what they
must do to maintain the certified configuration, how to properly install components, and what, if
any, modifications may be performed. For the evaporative emission system, a chassis
manufacturer may require specific tube lengths and locations of certain hardware, and
modifications to the fuel tank, fuel lines, evaporative canister, filler tube, gas cap and any other
certified hardware would likely be limited.

We expect that the addition of any ORVR hardware and all ORVR-related aspects of the

certified configuration would continue to be managed and controlled by the chassis manufacturer

405 40 CFR 86.1813-17(2)(3).
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that holds the vehicle certificate. The engineering associated with all aspects of the fuel system
design, which would include the ORVR system, is closely tied to the engine design, and the
chassis manufacturer is the most qualified party to ensure its performance and compliance with
applicable standards. Example fuel system changes the OEM may implement include larger
canisters bracketed to the chassis frame close to the fuel tanks. Additional valves may be
necessary to route the vapors to the canister(s) during refueling. Most other evaporative and fuel
lines would remain in the same locations to meet existing evaporative requirements. There may
be slightly different filler neck tube designs (smaller fuel transfer tube) as well as some
additional tubes and valves to allow proper fuel nozzle turn-off (click off) at the pump, but this is
not expected to include relocating the filler neck. Based on the comments received on the
ANPR, we believe these changes would not adversely impact the secondary manufacturers
finishing the vehicles.*%°

The instructions provided by the chassis manufacturer to the secondary manufacturer to meet
our proposed refueling standards should include new guidelines to maintain the certified ORVR
configuration. We do not expect the new ORVR system to require significant changes to the
vehicle build process, since chassis manufacturers would have a business incentive to ensure that
the ORVR system integrates smoothly in a wide range of commercial vehicle bodies.
Accordingly, we do not expect that addition of the ORVR hardware would result in any
appreciable change in the secondary manufacturer's obligations or require secondary builders to

perform significant modifications to their products.

406 See comments from the Manufacturers of Emission Controls Association (EPA-HQ-OAR-2019-0055-0365) and
Ingevity Corporation (EPA-HQ-OAR-2019-0055-0271).
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3. Feasibility Analysis for the Proposed Refueling Emission Standards

This section describes the effectiveness and projected costs of the emissions technologies that
we analyzed for our proposed refueling standards. Feasibility of the proposed refueling standard
of 0.20 grams of HC per gallon is based on the widespread adoption of ORVR systems used in
the light-duty and complete heavy-duty vehicle sectors. As described in this section, we believe
manufacturers can effectively scale the technologies to larger engine applications to meet the
proposed standard. For our inventory analysis, we assumed all heavy-duty gasoline-fueled
vehicles that are identified as LHD, MHD and HHD regulatory subcategories in MOVES would
implement ORVR systems starting in MY 2027 and we adjusted the refueling emission rates for
those subcategories to reflect 100 percent implementation of a 0.20 grams of HC per gallon of
gasoline rate in MY 2027. See Chapter 5.2.2 of the draft RIA for a discussion of our inventory
model updates. The proposed refueling controls would lower refueling VOC and benzene
emissions by 88.5 percent by 2045 for heavy duty gasoline vehicles over 14,000 Ib GVWR. See
the discussion and table in Chapter 5.3.3 of the draft RIA.
1. Summary of Refueling Emission Technologies Considered

This section summarizes the specific technologies we considered as the basis for our analysis
of the proposed refueling emission standards. The technologies presented in this section are
described in greater detail in Chapter 1.2.3 of the draft RIA.

Instead of releasing HC vapors into the ambient air, ORVR systems capture HC emissions
during refueling events when liquid fuel displaces HC vapors present in the vehicle fuel tank as
the tank is filled. These systems recover the HC vapors and store them for later purging from the

system and use as fuel to operate the engine. An ORVR system consists of four main
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components that are incorporated into the existing fuel system: filler pipe and seal, flow control
valve, carbon canister, and purge system.

The filler pipe is the section of line from the fuel tank to where fuel enters the fuel system
from the fuel nozzle. The filler pipe is typically sized to handle the maximum fill rate of liquid
fuel allowed by law and integrates either a mechanical or liquid seal to prevent fuel vapors from
exiting through the filler pipe to the atmosphere. The flow control valve senses that the fuel tank
is getting filled and triggers a unique low-restriction flow path to the canister. The carbon
canister is a container of activated charcoal designed to effectively capture and store fuel vapors.
Carbon canisters are already a part of HD SI fuel systems to control evaporative emissions. Fuel
systems with ORVR would require additional capacity, by increasing either the canister volume
or the effectiveness of the carbon material. The purge system is an electro-mechanical valve used
to redirect fuel vapors from the fuel tank and canister to the running engine where they are
burned in the combustion chamber.*"’

The fuel systems on over-14,000 Ib GVWR incomplete heavy-duty vehicles are similar to
those on complete heavy-duty vehicles that are currently subject to refueling standards. These
incomplete vehicles may have slightly larger fuel tanks than most chassis-certified (complete)
heavy-duty vehicles and are somewhat more likely to have dual fuel tanks. These differences
may necessitate greater ORVR system storage capacity and possibly some unique
accommodations for dual tanks (e.g., separate fuel filler locations), as commented by ORVR

suppliers in response to our ANPR. 4%

407 This process displaces some amount of the liquid fuel that would otherwise be used from the fuel tank and results

in a small fuel savings. See Chapter 7.2.2 of the draft RIA for our estimate of the fuel savings from our proposed
refueling standards.

408 See comments from the Manufacturers of Emission Controls Association (EPA-HQ-OAR-2019-0055-0365) and
Ingevity Corporation (EPA-HQ-OAR-2019-0055-0271).
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ii. Projected Refueling Emission Technology Packages

The ORVR emission controls we projected in our feasibility analysis build upon four
components currently installed on incomplete vehicles above 14,000 Ib GVWR to meet the Tier
3 evaporative emission standards: the carbon canister, flow control valves, filler pipe and seal,
and the purge system. For our feasibility analysis, we assumed a 70-gallon fuel tank to represent
an average tank size of HD SI incomplete vehicles above 14,000 Ib GVWR. A summary of the
projected technology updates and costs are presented below. See Chapter 3.2 of the draft RIA for
additional details.

In order to capture the vapor volume of fuel tanks during refueling, we project manufacturers
would increase canister vapor or "working" capacity of their liquid-sealed canisters by 15 to 40
percent depending on the individual vehicle systems. If a manufacturer chooses to increase the
canister volume using conventional carbon, we project a canister meeting Tier 3 evaporative
emission requirements with approximately 5.1 liters of conventional carbon would need up to an
additional 1.8 liters of carbon to capture refueling emissions from a 70-gallon fuel tank. A
change in canister volume to accommodate additional carbon would result in increased costs for
retooling and additional canister plastic, as well as design considerations to fit the larger canister
on the vehicle. Alternatively, a manufacturer could choose to add a second canister for the extra
carbon volume to avoid the re-tooling costs. We estimate projected costs for both a single larger
canister and two canisters in series. Another approach, based on discussions with canister and
carbon manufacturers, could be for manufacturers to use a higher adsorption carbon and modify
compartmentalization within the existing shell to increase the canister working capacity. We do
not have data to estimate the performance or cost of higher adsorption carbon and so did not

include this additional approach in our analysis.
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The projected increase in canister volumes assume manufacturers would use a liquid seal in
the filler pipe, which is less effective than a mechanical seal. For a manufacturer that replaces
their liquid seal with a mechanical seal, we assumed an approximate 20 percent reduction in the
necessary canister volume. Despite the greater effectiveness of a mechanical seal, manufacturers
in the past have not preferred this approach because it introduces another wearable part that can
deteriorate, introduces safety concerns, and may require replacement during the useful life of the
vehicle. To meet the proposed ORVR standards, manufacturers may choose the mechanical seal
design to avoid retooling charges and we included it in our cost analysis. We assumed a cost of
$10.00 per seal for a manufacturer to convert from a liquid seal to a mechanical seal. We
assumed zero cost in our analysis for manufacturers to maintain their current liquid seal approach
for filler pipes. While some of the largest vehicle applications with unique tank locations or
designs without filler necks may need additional hardware modifications to provide enough back
pressure to stop the nozzle flow and avoid spitback, we believe the cost is similar to converting
to a mechanical seal, and we did not differentiate these low volume applications in our cost
analysis.

In order to manage the large volume of vapors during refueling, manufacturers’ ORVR
updates would include flow control valves integrated into the roll-over/vapor lines. We assumed
manufacturers would, on average, install one flow control valve per vehicle that would cost
$6.50 per valve. And lastly, we project manufacturers would update their purge strategy to
account for the additional fuel vapors from refueling. Manufacturers may add hardware and
optimize calibrations to ensure adequate purge in the time allotted over the preconditioning drive

cycle of the demonstration test.
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Table I1I-34 presents the ORVR system specifications and assumptions used in our cost
analysis, including key characteristics of the baseline incomplete vehicle’s evaporative emission
control system. Currently manufacturers size the canisters of their Tier 3 evaporative emission
control systems based on the diurnal test and the Bleed Emission Test Procedure (BETP).*%
During the diurnal test, the canister is loaded with hydrocarbons over two or three days, allowing
the hydrocarbons to load a conventional carbon canister (1500 GWC, gasoline working capacity)
at a 70 percent efficiency. In contrast, a refueling event takes place over a few minutes, and the
ORVR directs the vapor from the gas tank onto the carbon in the canister at a canister loading
efficiency of 50 percent. For our analysis, we added a design safety margin of 10 percent extra
carbon to our ORVR systems. While less overall vapor mass may be vented into the canister
from the fuel tank during a refueling event compared to the three-day diurnal test period, a
higher amount of carbon is needed to contain the faster rate of vapor loaded at a lower efficiency
during a refueling event. These factors were used to calculate the canister volumes for the two
filler neck options in our cost analysis.

The assumed purge system updates are also shown in Table I11-34. The diurnal drive cycle
duration is 30 minutes and targets 200 bed volumes of purge to clean the canister before the
evaporative emissions test. The bed volumes of purge are multiplied by the canister volume to
calculate the total target purge volume. The total purge volume divided by the number of minutes
driving gives us the average purge rate. An ORVR demonstration would also require

conditioning of the canister in preparation for the ORVR test. The current conditioning cycle

used by complete vehicles consists of a 97-minute drive cycle to prepare the canister.*!

40940 CFR 86.1813-17(a).

410 Trucks with larger fuel tanks typically will drive more miles in a day and between refueling events. As noted in
Section III.E.2, we are requesting comment on updating our canister preconditioning driving procedure in order to
better represent the operation of these larger vehicles.
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However, as indicated in the table, a larger target bed volume may be needed to purge the larger

canister capacity required for ORVR.

Table I1I-34 ORVR Specifications and Assumptions used in the Cost Analysis for HD SI Incomplete Vehicles
Above 14,000 Ib GYWR.

Tier 3 Baseline

ORYVR Filler Neck Options

Mechanical Seal

| Liquid Seal

Diurnal ORVR
Diurnal Heat Build 72-96°F 80°F
RVP 9 psi
Nominal Tank Volume 70 gallons
Fill Volume 40% 10% to 100%
Air Ingestion Rate 0% 13.50%
Mass Vented per heat build, g/d 120
Mass Vented per refueling event 255 315
Hot Soak Vapor Load 5
Mass vented over 48-hour test 227.2
Mass vented over 72-hour test 3233
1500 GWC, g/L (Efficiency)® 70 50 50
Excess Capacity 10% 10% 10%
Estimated Canister Volume Requirement, liters®
48-hour Evaporative only 3.6
72-hour Evaporative only 5.1
Total of 72-hour + ORVR® 5.6 6.9
Limiting Drive Cycle, minutes 30 97 97
Target Bed Volumes of Purge? 200 646 646
Total Purge Volume, liters® 1020 3618 4457
Average Purge Rate, LPMf 34 37 46
BETP Purge | | 37 46

2 Efficiency of conventional carbon

b Canister Volume = 1.1(mass vented)/ 1500 GWC (Efficiency)
¢ ORVR adds .5 liters and 1.8 liters for Mechanical Seal and Liquid Seal respectively

4 ORVR estimated volumes based on ratio of increased driving distance in ORVR procedure and not necessarily

reflective of necessary volumes to sufficiently purge canister

¢ Total Purge Volume, Liters = canister volume, liters * Bed Volumes Purge
f Average Purge Rate, LPM = Total Purge Volume, liters / Limiting Drive Cycle, minutes

The ORVR components described in this section represent technologies that we think most

manufacturers would adopt to meet our proposed refueling requirements. It is possible that

manufacturers may choose a different approach, or that unique fuel system characteristics may

require additional hardware modifications not described here, but we do not have reason to

believe costs would be significantly higher than presented here. We request comment, including

data, on our assumptions related to the increased canister working capacity demands, the
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appropriateness of our average fuel tank size, the technology costs for the specific ORVR
components considered and any additional information that can improve our cost projections in
the final rule analysis.
iii. Summary of Costs to Meet the Proposed Refueling Emission Standards

Table II1-35 shows cost estimations for the different approaches evaluated. In calculating the
overall cost of our proposed program, we used $25, the average of both approaches, to represent
the cost for manufacturers to adopt the additional canister capacity and hardware to meet our
proposed refueling emission standards for incomplete vehicles above 14,000 Ib GVWR. See
Section V of this preamble for a summary of our overall program cost and Chapter 7 of the draft

RIA for more detalils.

Table III-35 Summary of Projected Per-Vehicle Costs to Meet the Proposed Refueling Emission Standards

Liquid Seal Mechanical Seal
New Canister | Dual Existing New Canister | Dual Existing
Canisters in Series Canisters in Series
Additional Canister Costs | $20 $15 $8 $8
Additional Tooling? $0.50 $0.50
Flow Control Valves $6.50 $6.50
Seal $0 $0 $10
Total® $27 $22 $25

? Assumes the retooling costs are spread over a five-year period
bPossible additional hardware for spitback requirements

Incomplete vehicles above 14,000 b GVWR with dual fuel tanks may require some unique
accommodations to adopt ORVR systems. A chassis configuration with dual fuel tanks would
need separate canisters and separate filler pipes and seals for each fuel tank. Depending on the
design, a dual fuel tank chassis configuration may require a separate purge valve for each fuel
tank. We assume manufacturers would install one additional purge valve for dual fuel tank
applications that also incorporate independent canisters for the second fuel tank/canister

configuration and manufacturers adopting a mechanical seal in their filler pipe would install an
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anti-spitback valve for each filler pipe. See Chapter 1.2.4.5 of the draft RIA for a summary of the
design considerations for these fuel tank configurations. We did not include an estimate of the
population or impact of dual fuel tank vehicles in our cost analysis of our proposed refueling
emission standards.
4. Summary of Requests for Comment

We are requesting comment regarding the cost, feasibility, and appropriateness of our
proposed refueling emission standard for incomplete vehicles above 14,000 Ib GVWR. The
proposed standard is based on the current refueling standard that applies to complete heavy-duty
gasoline-fueled vehicles. We are proposing that compliance with these standards may be
demonstrated under an existing regulatory provision by using an engineering analysis due to
uncertainties related to testing these larger vehicles. We request comment on approaches to adapt
the current test procedures used by lower GVWR vehicles for vehicles above 14,000 Ib GVWR.
Specifically, we are interested in comments including data or established procedures to calculate
appropriate mixing times and air displacement in larger SHED enclosures. We also request
comment on the appropriate conditioning procedure for these larger vehicles. Finally, we request
comment on other testing options we should consider for manufacturers to demonstrate the
effectiveness of their ORVR systems on incomplete vehicles above 14,000 Ib GVWR.
IV. Compliance Provisions and Flexibilities

EPA certification is a fundamental requirement of the Clean Air Act for manufacturers of
heavy-duty highway engines. EPA has employed significant discretion over the past several
decades in designing and updating many aspects of our heavy-duty engine and vehicle
certification and compliance programs. In the following sections, we discuss several proposed

provisions that we believe would increase the effectiveness of our regulations, including some
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opportunities to streamline existing requirements. Unless explicitly stated otherwise, the
proposed provisions in this Section IV would apply to proposed Options 1 and 2, as well as the
full range of options in between them.

As noted in Section I, we are proposing to migrate our criteria pollutant regulations for model
years 2027 and later heavy-duty highway engines from their current location in 40 CFR part 86,
subpart A, to 40 CFR part 1036.*!! Consistent with this migration, the proposed compliance
provisions discussed in this section refer to the proposed regulations in their new location in part
1036. In general, this migration is not intended to change the compliance program previously
specified in part 86, except as specifically proposed in this rulemaking. See our memorandum to
the docket for a detailed description of the proposed migration.*!?

A. Regulatory Useful Life

In addition to emission standards and test procedures discussed in Section III, appropriate
regulatory useful life periods are critical to assure emission performance of heavy-duty highway
engines. Our regulations require manufacturers to perform durability testing to demonstrate that
engines will meet emission standards not only at certification but also over the full useful life
periods specified by EPA. Useful life represents the period over which emission standards apply
for certified engines, and, practically, any difference between the regulatory useful life and the
generally longer operational life of in-use engines represents miles and years of operation

without an assurance that emission standards will continue to be met.

411 As noted in the following sections, we are proposing some updates to 40 CFR parts 1037, 1065, and 1068 to
apply to other sectors in addition to heavy-duty highway engines.

412 Stout, Alan; Brakora, Jessica. Memorandum to docket EPA-HQ-OAR-2019-0055. "Technical Issues Related to
Migrating Heavy-Duty Highway Engine Certification Requirements from 40 CFR Part 86, Subpart A, to 40 CFR
Part 1036". October 1, 2021.
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In this section, we describe our estimates of the length of operational lives of heavy-duty
highway engines, which are almost double the current useful life mileages in EPA's regulations
for all primary intended service classes. EPA is proposing to increase the regulatory useful life
mileage values for new heavy-duty engines to better reflect real-world usage, extend the
emissions durability requirement for heavy-duty engines, and improve long-term emission
performance. Our proposed longer useful life periods for heavy-duty engines vary by engine
class to reflect the different lengths of their estimated operational lives. As described in Section
II1, the proposed numeric levels of the standards are the same across engine classes and are based
on the feasibility of achieving those standards at the proposed useful life mileages. Proposed
Option 1 useful life periods would apply in two steps in MY 2027 and MY 2031 and proposed
Option 2 useful life periods would apply in a single step in MY 2027.

For CI engines, the proposed Option 1 useful life mileage values for MY 2031 and later are
based on data on the average periods to the first out-of-frame rebuild for these engines. Our CI
engine demonstration, which is based on the emission performance of an engine in the Heavy
HDE class, projects the engine can achieve the proposed standards for MY 2031 at the proposed
useful life mileage.*!* Our demonstration data does not currently show that it is feasible to
achieve the proposed Option 1 MY 2027 standards at the MY 2031 useful life mileages, and the
proposed Option 1 useful life mileage values for MY 2027 through 2030 are approximately a
midpoint between the current useful life mileages and our proposed Option 1 MY 2031 and later

mileages.

413 Demonstrating feasibility for the Heavy HDE class indicates feasibility for the smaller CI engine classes,
Medium HDE, and Light HDE, which could adopt similar technologies to meet the standards and have shorter
proposed useful life periods over which to demonstrate the performance.
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Similarly, the proposed Option 1 would increase useful life mileages in two steps for the
proposed standards for heavy-duty SI engines that are not chassis-certified. Our proposed Option
1 first step for these SI engines in MY 2027 through 2030 would better align with the current
useful life mileages for GHG emission standards applicable to these engines and for chassis-
certified complete vehicles containing these engines. The proposed Option 1 second step for
these SI engines in MY 2031 and later would be based on the expected engine service life for
heavy-duty gasoline engines in the market today. The SI demonstration program showed that the
proposed Option 1 standards are feasible over the proposed Option 1 useful life mileages.

In our ANPR, we presented CI engine rebuild data and noted that we intended to propose
useful life mileage values for all categories of heavy-duty engines that are more reflective of
real-world usage. Comments received on the ANPR included varied support for increasing
engine useful life values. Environmental organizations and state, local, and Tribal air agencies
largely supported lengthened useful life, and many supported aligning with CARB's HD
Omnibus rulemaking. Among the sixteen state, local, and Tribal governments and related
associations that expressed support, the National Tribal Air Association stated that longer useful
life requirements would lead to longer design life targets for emissions systems commensurate
with actual vehicle service lengths.*'* The International Council on Clean Transportation
(ICCT) commented that EPA should harmonize useful life requirements with California and
stated that it could be possible to double the useful life of the emission control systems with
available technologies.*!3

Other commenters expressed cautious support. The Manufacturers of Emission Controls

Association (MECA) and Motor and Equipment Manufacturers Association (MEMA) supported

414 See comments from NTAA, Docket ID EPA-HQ-OAR-2019-0055-0282.
415 See comments from ICCT, Docket ID EPA-HQ-OAR-2019-0055-0304.
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extending useful life with a phased approach that allows suppliers time to design, test, and
address issues with their components' durability beyond today's requirements.*!%4!7 Several
commenters expressed concern related to the cost of extending longer useful life periods. The
American Truck Dealers Division of the National Automobile Dealers Association (NADA)
stated that longer useful life periods may be warranted given the increasing number of miles
heavy-duty engines accumulate prior to engine rebuild.*'®* NADA asked EPA to carefully assess
higher up-front engine costs associated with longer useful life periods and the potential for
reduced maintenance and repair costs resulting from increased useful life. Volvo stated that more
durable components are not available "to pull from the shelf" and costs to extend the life of those
components could result in significant costs either to improve the components or incorporate a
replacement as part of the manufacturer's scheduled maintenance.*!° Volvo also expressed
concern that second and third owners may use the vehicles for applications that could stress the
engine and its systems and threaten emissions compliance within a lengthened useful life. The
Truck and Engine Manufacturers Association (EMA) and Cummins commented that EPA should
carefully evaluate the benefits of extending the useful life period.**%**! EMA stated a longer
useful life could require the replacement of aftertreatment systems during the lengthened period.
We note that as manufacturers develop compliance strategies to meet our proposed emission
standards and lengthened useful life periods, they have the ability to design for increased
durability of their engine and emission controls and to create maintenance instructions describing

how to clean, repair, or replace emission components at specified intervals subject to the

416 See comments from MECA, Docket ID EPA-HQ-OAR-2019-0055-0365.
417 See comments from MEMA, Docket ID EPA-HQ-OAR-2019-0055-0462.
418 See comments from NADA, Docket ID EPA-HQ-OAR-2019-0055-0369.
419 See comments from Volvo, Docket ID EPA-HQ-OAR-2019-0055-0463.

420 See comments from EMA, Docket ID EPA-HQ-OAR-2019-0055-0273.

41 See comments from Cummins, Docket ID EPA-HQ-OAR-2019-0055-0359.
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limitations in our proposed maintenance provisions.*?* To address the feasibility of meeting the
proposed standards over the proposed useful life periods, the technology demonstration projects
described in Section III of this preamble include demonstrating the durability and emissions
performance of CI and SI engines over mileages that cover the range of useful life mileages
being considered. We believe our proposed useful life periods are feasible and would not require
manufacturers to adopt component replacement as part of their critical emission-related
maintenance strategies.
1. History of Regulatory Useful Life

The Clean Air Act specifies that emission standards under section 202(a) "shall be applicable
to such vehicles and engines for their useful life ... whether such vehicles and engines are
designed as complete systems or incorporate devices to prevent or control such pollution."
Practically, this means that to receive an EPA certificate of conformity under the CAA, a
manufacturer must demonstrate that an engine or vehicle, including the aftertreatment system,
will meet each applicable emission standard, including accounting for deterioration, over the
useful life period specified in EPA's regulations. In addition, CAA section 207(c) requires
manufacturers to recall and repair vehicles or engines if the Administrator determines that “a
substantial number of any class or category of vehicles or engines, although properly maintained
and used, do not conform to the regulations prescribed under [section 202(a)], when in actual use
throughout their useful life (as determined under [section 202(d)]).” Taken together, these
sections define two critical aspects of regulatory useful life: (1) the period over which the
manufacturer must demonstrate compliance with emissions standards to obtain EPA

certification, and (2) the period for which the manufacturer is subject to in-use emissions

422 See Section IV.B.5 of this preamble and proposed 40 CFR 1036.125.
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compliance liability, e.g., for purposes of recall. Manufacturers perform durability testing to
demonstrate that engines will meet emission standards over the full useful life. Manufacturers
may perform scheduled maintenance on their test engines only as specified in the owner’s
manual. As part of the certification process, EPA approves such scheduled maintenance, which is
also subject to minimum maintenance intervals as described in the regulation. See Section IV.F
for a description of the current and proposed durability requirements and Section IV.B.5 for
more information on our current and proposed maintenance provisions. Manufacturer obligations
under recall are specified in 40 CFR 1068, subpart F, and we are not proposing to update our
recall provisions.

EPA prescribes regulations under CAA section 202(d) for determining the useful life of
vehicles and engines. CAA section 202(d) provides that the minimum useful life for heavy-duty
vehicles and engines is a period of 10 years or 100,000 miles, whichever occurs first. This
section authorizes EPA to adopt longer useful life periods that we determine to be appropriate.
Under this authority, we established useful life periods for heavy-duty engines by primary
intended service class. As introduced in Section I, heavy-duty highway engine manufacturers
identify the primary intended service class for each engine family by considering the vehicles for
which they design and market their engines.*?* Heavy-duty compression-ignition engines are
distinguished by their potential for rebuild and the weight class of the final vehicles in which the
engines are expected to be installed.*** Heavy-duty spark-ignition engines are generally

classified as a single "spark-ignition" service class unless they are designed or intended for use in

423 See 40 CFR 1036.140 as referenced in the definition of "primary intended service class" in 40 CFR 86.090-2.

424 As specified in the current 40 CFR 1036.140(a), light heavy-duty engines are not designed for rebuild and are
normally installed in vehicles at or below 19,5000 pounds GVWR; medium heavy-duty engines may be designed for
rebuild and are normally installed in vehicles from 19,501 to 33,000 Ibs GVWR; heavy heavy-duty engines are
designed for multiple rebuilds and are normally installed in vehicles above 33,000 pounds GVWR.
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the largest heavy-duty vehicles and are thereby considered heavy heavy-duty engines.*?> The
following useful life periods currently apply to the criteria pollutant emission standards for
heavy-duty highway engines: *?6:4?7
e 110,000 miles or 10 years for heavy-duty spark-ignition engines and light heavy-duty
compression-ignition engines
e 185,000 miles or 10 years for medium heavy-duty compression-ignition engines
e 435,000 miles, 10 years, or 22,000 hours for heavy heavy-duty compression-ignition
engines
In our 1983 rulemaking, which first established class-specific useful life values for heavy-
duty engines and vehicles, EPA adopted the principle that useful life mileage values should
reflect the typical mileage to the first rebuild of the engine (or scrappage of the engine if that
occurs without rebuilding).**® Significantly, this approach was adopted at a time when diesel
engine emission control strategies relied mainly on in-cylinder engine combustion controls.
Over time, mileage values became the primary metric for useful life duration. This is
because, due to advancements in general engine durability, nearly all heavy-duty engines reach
the mileage value in-use long before 10 years have elapsed. The age (years) value has meaning
for only a small number of low-annual-mileage applications, such as refuse trucks. Also,

manufacturer durability demonstrations generally target the mileage values, since deterioration is

425 See 40 CFR 1036.140(b).

426 See 40 CFR 86.004-2. EPA adopted useful life values of 110,000, 185,000, and 290,000 miles for light, medium,
and heavy heavy-duty engines, respectively, in 1983 (48 FR 52170, November 16, 1983). The useful life for heavy
heavy-duty engines was subsequently increased to 435,000 miles for 2004 and later model years (62 FR 54694,
October 21, 1997).

427 The same useful life periods apply for heavy-duty engines certifying to the greenhouse gas emission standards,
except that the spark-ignition standards and the standards for model year 2021 and later light heavy-duty engines
apply over a useful life of 15 years or 150,000 miles, whichever comes first. See 40 CFR 1036.108(d).

428 U.S. EPA, "Summary and Analysis of Comments on the Notice of Proposed Rulemaking for Revised Gaseous
Emission Regulations for 1984 and Later Model Year Light-Duty Trucks and Heavy-Duty Engines", July 1983, p
43,
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a function of engine work and hours rather than years in service and a time-based demonstration
would be significantly longer in duration than one based on applicable mileage value.

In the 1997 rulemaking that most recently increased heavy-duty engine useful life, EPA
included an hours-based useful life of 22,000 hours for the heavy heavy-duty engine intended
service class. This unique criterion was added to address the concern that urban vehicles,
particularly urban buses, equipped with heavy heavy-duty engines had distinctly different driving
patterns compared to the line-haul trucks from which the agency based its useful life value of
435,000 miles.*?* Commenters in that rulemaking indicated that urban bus average speed was
near 13 miles per hour. Considering that speed, many of these bus engines would reach the end
of their operational life or be candidates for rebuild before the applicable mileage value or the
10-year criterion is reached. The 22,000 hours value was adopted in lieu of a proposed minimum
useful life value of 290,000 miles for heavy heavy-duty engines. Considering the current 435,000
useful life mileage for heavy heavy-duty engines, the 22,000-hour useful life value only has
significance for the small subset of vehicles equipped with heavy heavy-duty engines with an
average speed of less than 20 miles per hour.

In the Phase 1 GHG rulemaking, we promulgated useful life periods for the GHG emission
standards for heavy-duty highway engines and their corresponding heavy-duty vehicles that
aligned with the current useful life periods for criteria pollutant emission standards.*** In the HD
Phase 2 GHG rulemaking, we extended the useful life for Light HDV, light heavy-duty engines,
and spark-ignition engines for the GHG emission standards to 15 years or 150,000 miles to align

with the useful life of chassis-certified heavy-duty vehicles subject to the Tier 3 standards.*’! See

49 U.S. EPA, "Summary and Analysis of Comments: Control of Emissions of Air Pollution from Highway Heavy-
Duty Engines", EPA-420-R-97-102, September 1997, pp 43-47.

43076 FR 57181, September 15, 2011.

41 See 79 FR 23414, April 28, 2014 and 81 FR 73496, October 25, 2016.
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40 CFR 1036.108 and 40 CFR 1037, subpart B, for the GHG useful life periods that apply for
heavy-duty highway engines and vehicles, respectively. We are not proposing changes to the
useful life periods for GHG emission standards in this rulemaking.
2. Identifying Appropriate Useful Life Periods

Emission standards apply for the engine's useful life and manufacturers must demonstrate the
durability of engines to maintain certified emission performance over their useful life. Thus, the
proposed emission standard options presented in Section III must be considered together with
their associated proposed useful life periods. Larger useful life mileage values would require
manufacturers to demonstrate emission performance over a longer period and should result in
effective emission control over a greater proportion of an engine's operational (sometimes
referred to as "service") life. Consistent with our approach to adopting useful life mileages in the
1983 rulemaking, we continue to consider a comprehensive out-of-frame rebuild to represent the
end of a heavy-duty CI engine's "first life" of operation. For SI engines that are less commonly
rebuilt, engine replacement would be a more appropriate measure of an engine's operational life.
Our proposed Option 1 useful life values are based on the expected operational life of the engine
or, for CI engines, an estimate of the point at which an engine is typically rebuilt. We expand on
this approach in the following sections. We discuss the basis of proposed Option 2 useful life
values in Section IV.A.3.
1. Compression-Ignition Engine Rebuild Data

In 2013, EPA commissioned an industry characterization report on heavy-duty diesel engine
rebuilds.*3? The report relied on existing data from MacKay & Company surveys of heavy-duty

vehicle operators. In this report, an engine rebuild was categorized as either an in-frame overhaul

432 [CF International, “Industry Characterization of Heavy Duty Diesel Engine Rebuilds” EPA Contract No. EP-C-
12-011, September 2013.
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(where the reb