UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF AIR AND RADIATION

NATIONAL VEHICLE AND FUEL EMISSIONS LABORATORY
2000 TRAVERWOOD DRIVE

ANN ARBOR, MI 48105-2498

June 2026

MEMORANDUM

SUBJECT: Redline Version of EPA’s Proposed Regulation for Amendments and
Nonconformance Penalties for Model Year 2027 and Later Heavy-Duty
Highway Engines and Amendments to Inducement Provisions for SCR-
Equipped Diesel Engines

FROM: Jessica Brakora, Alan Stout;
Transportation Sector Impacts and Standards Division

TO: Docket EPA-HQ-OAR-2026-0728

EPA is proposing amendments to certain compliance provisions and test procedures related to
model year 2027 and later heavy-duty highway engines. These amendments would include
revisions to 40 CFR parts 1036, 1037, and 1065. In addition, the EPA proposes to amend the
requirements for selective catalytic reduction system inducement provisions for newly
manufactured diesel-fueled highway engines and vehicles, and nonroad engines and equipment.
The proposed inducement provision amendments would include revisions to 40 CFR parts 86,
1036, and 1039. The EPA also proposes to make nonconformance penalties available for certain
engines beginning in MY 2027, including a proposal to migrate the existing provisions of 40
CFR part 86, subpart L, to a new 40 CFR part 1071.!

The attachments include redline versions of the proposed amendments showing changes to
existing text in the Code of Federal Regulations. The regulatory text in the attached files is
intended to be the same as what will be published in the Federal Register. However, it is possible
that there will be some minor differences. The document published in the Federal Register is the
official copy for purposes of proposal and comment.

! See the separate memorandum to docket EPA-HQ-OAR-2026-0728. “Detailed Description of Proposal to Migrate
Provisions for Nonconformance Penalties from 40 CFR part 86, subpart L, to 40 CFR part 1071.”
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APPENDIX 1

PART 86—CONTROL OF EMISSIONS FROM NEW AND IN-USE HIGHWAY
VEHICLES AND ENGINES

1. The authority citation for part 86 continues to read as follows:
Authority: 42 U.S.C. 7401-7671q.

2. Amend § 86.1 by revising the introductory text and paragraphs (a) and (b) to read as
follows:

§ 86.1 Incorporation by reference.
Certain material is incorporated by reference into this part with the approval of the Director of
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than
that specified in this section, EPA must publish a document in the Federal Register and the
material must be available to the public. All approved incorporation by reference (IBR) material
is available for inspection at EPA and at the National Archives and Records Administration
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WIC West Building,
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202)
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations-ht#i or email fr.inspection(@nara.gov. The material may be obtained
from the following sources:
(a) ASTM International (ASTM). ASTM International, 100 Barr Harbor Drive, P.O. Box C700,
West Conshohocken, PA, 19428-2959; (610) 832-9585; www.astm.org.
(1) ASTM C1549-09, Standard Test Method for Determination of Solar Reflectance Near
Ambient Temperature Using a Portable Solar Reflectometer, approved August 1, 2009
(“ASTM C1549”); IBR approved for § 86.1869-12(b).
(2) ASTM D86-23ae2+2, Standard Test Method for Distillation of Petroleum Products at
Atmospheric Pressure, approved December 1, 2023 Deeember1;2042-(“ASTM D86”); IBR
approved for §§ 86.113-04(a); 86.113-94(b); 86.213(a); 86.513(a).
(3) ASTM D93-2643, Standard Test Methods for Flash Point by Pensky-Martens Closed Cup
Tester, approved March 1, 20263152643 (“ASTM D93”); IBR approved for § 86.113-
94(b).
(4) ASTM D445-2442, Standard Test Method for Kinematic Viscosity of Transparent and
Opaque Liquids (and Calculation of Dynamic Viscosity), approved April 1, 2024AprH15;
20412 (“ASTM D445”); IBR approved for § 86.113-94(b).
(5) ASTM D613-25a13, Standard Test Method for Cetane Number of Diesel Fuel Oil,
approved November 1, 2025Peeember152043 (“ASTM D613”); IBR approved for § 86.113-
94(b).
(6) ASTM D975-24a434a, Standard Specification for Diesel Fuel Oils, approved August 1,
2024 Peeember152043-(“ASTM D975”); IBR approved for § 86.1910(c).
(7) ASTM D976-21¢c106-(Reappreved204H), Standard Test Method for Calculated Cetane
Index of Distillate Fuels, approved November 1, 202 1 Oetober20H-(“ASTM D976”); IBR
approved for § 86.113-94(b).
(8) ASTM D1319-20a43, Standard Test Method for Hydrocarbon Types in Liquid Petroleum
Products by Fluorescent Indicator Adsorption, approved August 1, 2020 May+20H3
(“ASTM D1319”); IBR approved for §§ 86.113-04(a); 86.213(a); 86.513(a).
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(9) ASTM D1945-2503(reapproved20+0), Standard Test Method for Analysis of Natural
Gas by Gas Chromatography, approved December 1, 2019%danuary 2640 (“ASTM
D1945”); IBR approved for §§ 86.113-94(e); 86.513(d).

(10) ASTM D2163-23e16%, Standard Test Method for Determination of Hydrocarbons in
Liquefied Petroleum (LP) Gases and Propane/Propene Mixtures by Gas Chromatography,
approved March 1, 2023 Deeember152007 (“ASTM D2163”); IBR approved for §§ 86.113-
94(f).

(11) ASTM D2622-2448, Standard Test Method for Sulfur in Petroleum Products by
Wavelength Dispersive X-ray Fluorescence Spectrometry, approved July 1, 2024 Eebruary
15, 2040-(“ASTM D2622”); IBR approved for §§ 86.113-04(a); 86.113-94(b); 86.213(a);
86.513(a).

(12) ASTM D2699-2543b, Standard Test Method for Research Octane Number of Spark-
Ignition Engine Fuel, approved November 1, 20250eteber 12643 (“ASTM D2699); IBR
approved for §§ 86.113-04(a); 86.213(a).

(13) ASTM D2700-2643b, Standard Test Method for Motor Octane Number of Spark-
Ignition Engine Fuel, approved May 1, 20260eteber152043 (“ASTM D27007); IBR
approved for §§ 86.113-04(a); 86.213(a).

(14) ASTM D3231-2543, Standard Test Method for Phosphorus in Gasoline, approved May
1, 20253une15:2043-(“ASTM D3231”); IBR approved for §§ 86.113-04(a); 86.213(a);
86.513(a).

(15) ASTM D3237-2242, Standard Test Method for Lead in Gasoline by Atomic Absorption
Spectroscopy, approved October 1, 2022 Jane+,2642-(“ASTM D3237”); IBR approved for
§§ 86.113-04(a); 86.213(a); 86.513(a).

(16) ASTM D4052-22H, Standard Test Method for Density, Relative Density, and API
Gravity of Liquids by Digital Density Meter, approved May 1, 2022 Oetober15; 204+
(“ASTM D4052”); IBR approved for § 86.113-94(b).

(17) ASTM D5186-2403(Reapproved2009), Standard Test Method for Determination of the
Aromatic Content and Polynuclear Aromatic Content of Diesel Fuels and Aviation Turbine
Fuels by Supercritical Fluid Chromatography, approved July 1, 2024 ApsH15;2009-(“ASTM
D5186”); IBR approved for § 86.113-94(b).

(18) ASTM D5191-2213, Standard Test Method for Vapor Pressure of Petroleum Products
(Mini Method), approved July 1, 2022 Deeember152043-(“ASTM D5191”); IBR approved
for §§ 86.113-04(a); 86.213(a); 86.513(a).

(19) ASTM D5769-2526, Standard Test Method for Determination of Benzene, Toluene, and
Total Aromatics in Finished Gasolines by Gas Chromatography/Mass Spectrometry,
approved October 1, 2025Fure-2020-(“ASTMS5769”); IBR approved for §§ 86.113-04(a);
86.213(a); 86.513(a).

(20) ASTM D6550-2528, Standard Test Method for Determination of Olefin Content of
Gasolines by Supercritical-Fluid Chromatography, approved October 1, 2025Faly1-2620
(“ASTM D6550”); IBR approved for §§ 86.113-04(a); 86.213(a); 86.513(a).

(21) ASTM E29-93a, Standard Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications, approved March 15, 1993 (“ASTM E29”); IBR
approved for §§ 86.004-15(c); 86.007-11(a); 86.007- 15(m); 86.1803-01.

(22) ASTM E903-96, Standard Test Method for Solar Absorptance, Reflectance, and
Transmittance of Materials Using Integrating Spheres, approved April 10, 1996 (“ASTM
E903”); IBR approved for § 86.1869-12(b).

(23) ASTM E1918-06, Standard Test Method for Measuring Solar Reflectance of Horizontal
and Low-Sloped Surfaces in the Field, approved August 15, 2006 (“ASTM E1918”); IBR
approved for § 86.1869-12(b).




(b) American National Standards Institute (ANSI). American National Standards Institute, 25 W
43rd Street, 4th Floor, New York, NY 10036; (212) 642-4900; www.ansi.org.
(1) CSA/ANSI NGV 1:2214-2006, Standard-for-Compressed Natural Gas Vehicle (NGV)
Fuelling Connection Devices, Fourth edition, published December 20222nd-edition;

reaffirmed-and-consehidated Mareh2,2006; IBR approved for § 86.1813-17(f).
(2) ReserveleS&LR—lAé—@emp*%seWehﬂ%&N@%%hgh—Ee&%@hng

3. Amend § 86.010-18 by adding paragraph (n)(4) to read as follows:

§ 86.010-18 On-board Diagnostics for engines used in applications greater than 14,000
pounds GVWR.

% % % % %

(n) % k k

(4) For model year 2027 and later engines meeting the requirements of this section under 40 CFR
1036.150(k) or 1071.80, manufacturers may continue to use approved deficiencies through
model year 2029.

* ok ok ok %k

Subpart L — [Removed]

4. Remove subpart L, consisting of §§ 86.1101-87 — 86.1117.
5. Amend § 86.1810-17 by adding paragraph (1) to read as follows:

§ 86.1810-17 General requirements.

% % % % %

(1) Diesel-fueled vehicles must meet SCR-related design and maintenance provisions as specified
in 40 CFR 1036.111 and 1036.115(1) starting no later than model year 2029.

6. Amend § 86.1813-17 by revising paragraph (f)(1) to read as follows:

§ 86.1813-17 Evaporative and refueling emission standards.
* * * * *

(f)* % %

(1) Compressed natural gas vehicles must meet the requirements for fueling connection
devices as specified in CSA/ANSI NGV 1:22ANSINGV1-2006-o+-CSAIRI15

(incorporated by reference, see #-§ 86.1).
% % % % %

7. Amend § 86.1844-01 by adding paragraph (d)(22) to read as follows:

§ 86.1844-01 Information requirements: Application for certification and submittal of

information upon request.
% % % % %

(22) For vehicles using SCR, describe the following design features:
(1) Audible and visual signals required under § 1039.111(¢).

(i1) Compensation algorithms required under § 1039.115(h)(2).
* * * * *
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APPENDIX 2

PART 1036— CONTROL OF EMISSIONS FROM NEW AND IN-USE HEAVY-DUTY
HIGHWAY ENGINES

8. The authority citation for part 1036 continues to read as follows:
Authority: 42 U.S.C. 7401 - 7671q.
9. Amend § 1036.15 by revising paragraph (d)(6) to read as follows:

§ 1036.15 Other applicable regulations.
* ok ok % %

(6) Defect reporting and rRecall.
% % % % %

10. Amend § 1036.101 by revising paragraph (b) to read as follows:

§ 1036.101 Overview of exhaust emission standards.
* * * * *

(b) You may optionally € : art-by
testingtest hybrid powertrains, rather than testlng the engine alone, but only if you use powertrain
testing to demonstrate compliance with all requirements in this part 1036. Except as specified,
provisions of this part that reference engines apply equally to hybrid powertrains.

11. Amend § 1036.104 by paragraphs (a)(3), (b), (c)(1), and (e) to read as follows:

§ 1036.104 Criteria pollutant emission standards—NOQOx, HC, PM, and CO.

% % % % %

(a) * * *
(3) The following off-cycle emission standards apply for Light HDE, Medium HDE, and
Heavy HDE using the procedures specified in § 1036.530, as follows:

TABLE 3 TO PARAGRAPH (a)(3) OF § 1036.104— COMPRESSION-IGNITION STANDARDS FOR
OFF-CYCLE TESTING

Off-cycle NO Temperature-based adjustment HC PM CcO
bin X for NOx * mg/hp-hr mg/hp-hr g/hp-hr
Bin 1 10.0 g/hr (25.0 = Tymp) - 0.25 — — —
Bin 2 58 mg/hp-hr (25.0 — Tapp) * 2.2 120 7.5 9

4 Tamp 1S the mean ambient temperature, in °C, over a shift-day, or equivalent. Adjust the off-cycle NOx standard
for Tymp, below 25.0 °C by adding the calculated temperature adjustment to the specified NOx standard (in g/hr
for Bin 1 and mg/hp-hr for Bin 2). Round the temperature adjustment to the same precision as the NOx standard
for the appropriate bin. If you declare a NOx FEL for the engine family, do not apply the FEL scaling calculation
from paragraph (c)(3) of this section to the calculated temperature adjustment.

(b) Clean Idle. Y ou may optionally certify compression-ignition engines to the Clean Idle NOx
emission standard using the Clean Idle test specified in § 1036.525. The optional Clean Idle NOx
emission standard is 30.0 g/hr for model years 2024 through 2026, and 10.0 g/hr for model year
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2027 and later. The standard applies separately to each mode of the Clean Idle test. If you certify
an engine family to the Clean Idle standards, it is subject to all these voluntary standards as if
they were mandatory.
(c)* * *
(1) To generate or use emission credits, you must specify a family emission limit for each
engine family. Declare the family emission limit corresponding to faH-useful life for engine
operation over the FTP duty cycle, FELgrp, expressed to the same number of decimal places
as the emission standard. Use FELFrp to calculate emission credits in subpart H of this part.
% % k k %
(e) Useful life. The exhaust emission standards of this section apply for the useful life, expressed
in vehicle miles, or hours of engine operation, or years in service, whichever comes first, as
follows:

TABLE 4 TO PARAGRAPH (€) OF § 1036.104—USEFUL LIFE BY PRIMARY INTENDED SERVICE CLASS

Primary intended Model year ) Model year
service class : 20296 and earlier : 203027 and later
Miles Years Hours Miles Years Hours
Spark-ignition HDE 110,000 10 - 200,000 15 10,000
Light HDE 110,000 10 - 270,000 15 13,000
Medium HDE 185,000 10 - 350,000 12 17,000
Heavy HDE 435,000 10 22,000 650,000 11 32,000

12. Amend § 1036.110 by:

a. Revising paragraph (b)(8);

b. Removing and reserving paragraph (b)(10);

c. Revising paragraph (b)(11)(1);

d. Adding paragraphs (b)(19) through (b)(27); and
e. Revising paragraph (c¢).

The revisions and additions read as follows:

§ 1036.110 Diagnostic controls.
% % % % %
(8) Include the additional data-stream signals in 13 CCR 1971.1(h)(4.2.3)(E), (F), and (G) as
freeze-frame conditions in the same manner as requirements for signals identified asrequired
in 13 CCR 1971.1(h)(4.3).
* *

* * *

(1) You must submit additional information as needed to demonstrate that you meet the
requirements of this section that are not covered by the California Executive order. For
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example, you may demonstrate compliance with the data-stream parameter requirements
in paragraph (b)(9) of this section and the in-cab display requirements in paragraph (c) of

this section by attesting that you meet those requirements.
% % % % %

(19) For the requirements in 13 CCR 1971.1(d), an in-use minimum performance ratio of
0.100 applies for all monitors.
(20) The comprehensive component monitoring requirements in 13 CCR 1971.1(g)(3.1) for
directly or indirectly monitoring inputs related to inducement strategies do not apply.
(21) Meet the aging and data collection requirements in 13 CCR 1971.1(i)(2.3.4) using the
procedures described in 40 CFR 1036.245.
(22) Use the definition of Federal Test Procedure cycle as defined in 40 CFR 1036.512, and
the Supplemental Emission Test as defined in 40 CFR 1036.510 in lieu of the procedures
defined in 1971.1(¢).
(23) For OBD systems that have NOx converting catalyst systems with more than one
catalyst in series, the manufacturer may increment the denominator for a monitor required by
section (€)(6) using the criteria set forth in section 1971.1(d)(4.3.2)(G).
(24) For engines with catalyzed PM filters:
(1) The criterion for exempting catalyzed PM filters from monitoring based on an NMHC
conversion capability is increasing emissions by 30% or more of the applicable standard, rather
than 15% as specified in 13 CCR 1971.1(e)(8.2.4)(A)(iii).
(i1) The feedgas generation requirements in 13 CCR 1971.1(¢)(8.2.4)(B) do not apply.
(i1ii) The NMHC conversion requirements in 13 CCR 1971.1(¢)(8.2.4)(A) do not apply if you
instead comply with the catalyzed PM filter integrity requirements 13 CCR 1971.1(e)(8.2.1).
(25) OBD systems that have an NMHC catalyst conversion efficiency monitor that meets 13
CCR 1971.1(e)(5.2.2) do not need to meet the feedgas generation performance monitoring
requirements of sections 13 CCR 1971.1(¢)(5.2.3)(B).
(26) For monitors that increment denominators using any of the criteria in 13 CCR
1971.1(d)(4.3.2), the readiness status of that monitor may be considered to have "fully executed
and determined that the component or system is not malfunctioning" if at least 15 warm-up
cycles and 400 minutes of engine run time have occurred since the fault memory last cleared,
and no permanent fault code is stored for that monitor.
(27) The OBD requirements in this section do not apply for hybrid components, unless you use
powertrain testing to demonstrate compliance with the requirements of this part 1036.
(c) Design the diagnestie-system to display the following information in the cab:
(1) For inducement triggering conditions under § 1036.111, identify whether the condition
relates to DEF level, DEF quality, or tampering. The following additional requirements apply
fEor those inducements speeified-in§1036-H1-and any other AECD related to the SCR or
DPF system that derates engine output and- changes the status of an aftertreatment system
(for example, hydrocarbon or DEF dosing is disabled):
(1) derates-engine-outputrelated-to-SCR-orDPEsystemldentify whether the fault
condition is related to SCR or DPF system.
(i1) s;+Indicate the fault code for the detected problem, a description of the fault code, and
the current speed restriction, as applicable. Ferinducementfaunltsunder §1036-H1
N TR EE L] TADE oLt ot o

° ] B 5y Y

alts. identify-sehether the-faul iion is related o SC

(ii1) If there are additional derate stages, also indicate the next speed restriction and the
time remaining until starting the next restriction. If the derate involves something other
than restricting vehicle speed, such as a torque derate, adjust the information to correctly
identify any current and pending restrictions.


https://www.ecfr.gov/current/title-40/section-1036.111

(2) Identify on demand the total number of active and completed diesel particulate filter
regeneration events that have taken place since installing the current particulate filter.

(3) Identify on demand the histerieal-lifetime and current rate of DEF consumption, such as
gallons of DEF consumed per mile or gallons of DEF consumed per gallon of diesel fuel
consumed. Design the system to allow the operator to reset the current rate of DEF
consumption.

(4) Manufactures can use discretion to decide what to safely display while the vehicle is in-
motion, which may be a more limited set of the required information than is displayed when

the vehicle is stationary.
% %k %k %k %

13. Revise § 1036.111 to read as follows:

§ 1036.111 Inducements related to SCR.

Engines using SCR to control emissions depend on a constant supply of diesel exhaust fluid
(DEF). This section describes how manufacturers must design their engines to derate-pewer
eutput-te-induce operators to take appropriate actions to ensure the SCR system is-weorking
proepertyhas quality DEF. The requirements of this section apply equally for engines installed in
heavy-duty vehicles at or below 14,000 Ibs GVWR. The requirements of this section apply
starting in model year 2027, though you may comply with the requirements of this section in
earlier model years. Transitional provisions apply for model years 2027 and 2028 as described in
paragraph (f) of this section.
(a) [Reserved |-General-provisions- wing terms and gencera

rategies that monitor for and trigger

-(b) Inducement triggering conditions. Create derate-st
an inducement signal based on the following conditions:
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(1) DEF supply falling to 2.5 percent of DEF tank capacity or a level corresponding to three
hours of engine operation, based on available information on DEF consumption rates.

(2) DEF with a urea concentration below 20 mass percent. You may determine urea
concentration based on direct measurement or based on a surrogate value such as exhaust
NOx concentration before and after an SCR catalyst. Measurement may be limited to one
time for each occurrence of adding to the DEF tank. Use good engineering judgment to

determine urea concentration as soon as possible. PEE-gqualityfathing to-meet-your
coneentration specitications.

(3) Any signal indicating that a catalyst is missing.

(4) Open circuit faults related to the following: DEF tank level sensor, DEF pump, DEF
quality sensor, SCR wiring harness, NOx sensors, DEF dosing valve, DEF tank heater, DEF
tank temperature sensor, and aftertreatment control module.

(c) PReservedjAdudible signals. Design engines with audible signals corresponding to the
inducement triggering conditions in paragraph (b) of this section, subject to our approval, as

follows:

(1) Audible signals must be sufficient to alert the operator to the need for service. The tone
must be active for 90 seconds with repeated tones on one of the following schedules:
(1) For DEF supply, the tone must occur when the system detects the triggering condition
in paragraph (b)(1) of this section, when the engine detects an empty DEF tank, 30
minutes after detecting an empty DEF tank, 60 minutes after detecting an empty DEF
tank, and then every 60 minutes until key-off. Reevaluate at each key-on cycle.
(i1) For all conditions other than DEF supply, the tone must occur when the system
detects a triggering condition in paragraph (b)(2) through (4) of this section, 30 minutes
after detecting the triggering condition, 90 minutes after detecting the triggering
condition, and then every 180 minutes until key-off. Reevaluate at each key-on cycle.
(2) You may design your engines to suspend the audible signals in paragraph (c)(1) of this
section when ambient temperature is below —11 °C. If the triggering condition persists,
restart audible signals at the same point in the schedule identified in paragraph (c)(1) of this
section when ambient temperature is above 0 °C. Reevaluate at each key-on cycle.

(d) Speed derates. You may rely on derating engine performance for protecting aftertreatment

systems and other engine components from catastrophic damage, as long as derating is not based

only on an assessment of emission control performance (such as evaluation of catalyst

conversion efficiency).
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High-speed-vehicles Medium-speed-vehieles Low-speed-vehieles
Heowrsofnonidle Ahardmrn Hewrs-ofnonidle | Madhmuwm Hours-otfnon-idle Mheschmien
engine-operation speed-(mi/hr) | engineoperation | speed-(mi/hr) | engine operation | speed-(mithr)
0 65 9 55 9 45
6 60 6 50 5 40
12 55 12 45 10 35
20 50 45 40 30 25
86 45 70 35 — —

19 40 90 25 — —
144 35 — — — —
164 25 — — —

(e) Deactivating inducements-derates. Program the engine to deactivate inducementsderates as
follows:
(1) Evaluate whether the detected inducement triggering condition continues to apply.
Deactivate inducements derates-if the engine confirms that the detected inducement
triggering condition is resolved.
(2) Allow a generic scan tool to deactivate inducement triggering codes-while-the-vehieleis

(f) Transition provisions. The following provisions apply through model year 2028 for engines
that do not meet requirements for audible signals as described in paragraph (c) of this section:
(1) The following terms and general provisions apply under this paragraph (f):

(1) As described in § 1036.110, this section relies on terms and requirements specified for
OBD systems by California ARB in 13 CCR 1968.2 and 1971.1 (incorporated by
reference, see § 1036.810).
(i1) The provisions of this section apply differently based on an individual vehicle’s speed
history. A vehicle’s speed category is based on the OBD system’s recorded value for
average speed for the preceding 30 hours of non-idle engine operation. The vehicle speed
category applies at the point that the engine first detects an inducement triggering
condition identified under paragraph (b) of this section and continues to apply until the
inducement triggering condition is fully resolved as specified in paragraph (e) of this
section. Non-idle engine operation includes all operating conditions except those that
qualify as idle based on OBD system controls as specified in 13 CCR 1971.1(h)(5.4.10).
Apply speed derates based on the following categories:

TABLE 1 TO PARAGRAPH (2)(2) OF § 1036.111—VEHICLE CATEGORIES

Vehicle category?® Average speed (mi/hr)
Low-speed speed < 15.
Medium-speed 15 <speed <25.
High-speed speed > 25.
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* A vehicle is presumed to be a high-speed vehicle if it
has not yet logged 30 hours of non-idle operation.

(ii1) Where engines derate power output as specified in this section, the derate must
decrease vehicle speed by 1 mi/hr for every five minutes of engine operation until
reaching the specified derate speed. This paragraph (a)(3) applies at the onset of an
inducement, at any transition to a different step of inducement, and for any derate that
recurs under paragraph (e)(3) of this section.
(2) The provisions of this paragraph (f) apply differently based on an individual vehicle’s
speed history. A vehicle’s speed category is based on the average speed for the preceding 30
hours of non-idle engine operation. The vehicle speed category applies at the point that the
engine first detects an inducement triggering condition identified under paragraph (b) of this
section and continues to apply until the inducement triggering condition is fully resolved as
specified in paragraph (e) of this section. Non-idle engine operation includes all operating
conditions except those that qualify as idle based on OBD system controls as specified in 13
CCR 1971.1(h)(5.4.10). Apply speed derates based on the following categories:

TABLE 1 TO PARAGRAPH (f)(2) OF § 1036.111—VEHICLE CATEGORIES

Vehicle category?® Average speed (mi/hr)
Low-speed speed < 15.

Medium-speed 15 <speed < 25.
High-speed speed > 25.

2 A vehicle is presumed to be a high-speed vehicle if it has not
yet logged 30 hours of non-idle operation.

(3) Where engines derate power output as specified in this paragraph (f), the derate must
decrease vehicle speed by 1 mi/hr for every five minutes of engine operation until reaching
the specified derate speed. This paragraph (f)(3) applies at the onset of an inducement, at any
transition to a different step of inducement, and for any derate that recurs under paragraph
(H)(6) of this section.
(4) You may derate based on the following inducement triggering conditions instead of the
conditions specified in paragraph (b) of this section:
(1) DEF supply falling to 2.5 percent of DEF tank capacity or a level corresponding to
three hours of engine operation, based on available information on DEF consumption
rates.
(i1) DEF quality failing to meet your concentration specifications.
(5) Engines must follow the derate schedule described in this paragraph (f)(4) if the engine
detects an inducement triggering condition identified in paragraph (b) of this section. The
derate takes the form of a maximum drive speed for the vehicle. This maximum drive speed
decreases over time based on hours of non-idle engine operation without regard to engine

starting.
(1) Apply speed-limiting derates according to the following schedule:
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TABLE 2 TO PARAGRAPH ()(4)(1) OF § 1036.111—DERATE SCHEDULE FOR DETECTED
INDUCEMENT TRIGGERING CONDITIONS?

High-speed vehicles Medium-speed vehicles Low-speed vehicles

Hours of non-idle Maximum Hours of non-idle | Maximum Hours of non-idle Maximum
engine operation speed (mi/hr) engine operation speed (mi/hr) | engine operation speed (mi/hr)
0 65 0 S5 0 45

6 60 6 50 S 40

12 35 12 45 10 35

20 50 45 40 30 25

86 45 70 35 — —

119 40 90 25 — —

144 35 — — — —

164 25 — — — —

*Hours start counting when the engine detects an inducement triggering condition specified in paragraph (b) of this
section. For DEF supply, you may program the engine to reset the timer to three hours when the engine detects an empty
DEF tank.

(i1) You may design and produce engines that will be installed in motorcoaches with an
alternative derate schedule that starts with a 65 mi/hr derate when an inducement
triggering condition is first detected, steps down to 50 mi/hr after 80 hours, and concludes
with a final derate speed of 25 mi/hr after 180 hours of non-idle operation.
(6) Treat any detected inducement triggering condition that recurs within 40 hours of engine
operation as the same detected inducement triggering condition, which would restart the
derate at the same point in the derate schedule that the system last deactivated the derate.

14. Amend § 1036.115 by revising paragraphs (a) introductory text, (f)(3), and (i) to read
as follows:

§ 1036.115 Other requirements.
(a) Crankcase emissions. Engines may not discharge crankcase emissions into the ambient
atmosphere throughout the useful life, other than those that are routed to the exhaust upstream of

exhaust aftertreatment during all operation, except as follows:
* * * * *

(f) % % %
(3) DEF supply and DEF quality are adjustable parameters. The physteathy-practically

adjustable range includes any amount of DEF for which the engine’s diagnostic system does
not trigger inducement provisions under § 1036.111.

% % % % %

(1)_The following additional requirements apply for engines with SCR:
(1) DEFtanks-Diesel exhaust fluid tanks must be sized to require refilling no more
frequently than the vehicle operator will need to refill the fuel tank, even for worst-case
assumptions related to fuel efficiency and refueling volumes.
(2) Design engines to respond to varying DEF quality with compensation algorithms that
varies DEF injection to maintain NOx emission control that is comparable to operation with
DEF conforming to the specifications referenced in the definition of “diesel exhaust fluid” in
§ 1036.801, subject to the limitations of the emission control hardware.
(3) Design engines for DEF freeze protection by including a warming system to thaw DEF to
restore DEF flow into the exhaust system within 70 minutes after engine starting using the
procedure described in § 1036.560.

* * * * *

15. Amend § 1036.120 by revising paragraph (b) to read as follows:
13



§ 1036.120 Emission-related warranty requirements.

* * * * *

(b) Warranty period. Your emission-related warranty must be valid for at least as long as the
minimum warranty periods listed in this paragraph (b) in vehicle miles, or hours of engine
operation, or years in service, whichever comes first. You may offer an emission-related
warranty more generous than we require. The emission-related warranty for the engine may not
be shorter than any published warranty you offer without charge for the engine. Similarly, the
emission-related warranty for any component may not be shorter than any published warranty
you offer without charge for that component. If an extended warranty requires owners to pay for
a portion of repairs, those terms apply in the same manner to the emission-related warranty. The
warranty period begins when the vehicle is placed into service. The following minimum
warranty periods apply:

TABLE 1 TO PARAGRAPH (b) OF § 1036.120—WARRANTY BY PRIMARY INTENDED SERVICE CLASS

Primary intended service class Mileage Years
Spark-Ignition HDE 50,000 5
Light HDE 50,000 5
Medium HDE 100,000 5
Heavy HDE 100,000 5

16. Amend § 1036.125 by revising the introductory text and paragraphs (a)(2), (g)
introductory text, and (h)(8) to read as follows:

§ 1036.125 Maintenance instructions and allowable maintenance.

atntenancetsalso-elasstfied-as-eritical-emission—related-maintenanee—Give the ultimate
purchaser of each new engine written instructions for maintaining and using the engine. As
described in paragraph (h) of this section, these instructions must identify how owners properly
maintain and use engines to clarify responsibilities for regulatory requirements such as emission-
related warranty and defect reporting. Maintenance includes any inspection, adjustment,
cleaning, repair, or replacement of components and is classified as either emission-related or not
emission-related and each of these can be classified as either scheduled or unscheduled. Further,
some emission-related maintenance is also classified as critical emission-related maintenance.
(a)* * *
(2) Minimum scheduled maintenance intervals. You may not schedule critical emission-
related maintenance more frequently than the minimum intervals specified or allowed in this
paragraph (a), except as specified in paragraph (g) of this section. The minimum intervals
specified for each component applies to actuators, sensors, tubing, valves, and wiring
associated with that component, except as specified.

TABLE 1 TO PARAGRAPH (a)(2) OF § 1036.125—MINIMUM SCHEDULED MAINTENANCE INTERVALS
FOR REPLACEMENT IN MILES (OR HOURS)

Components Spark-Ignition HDE | Light HDE Medium HDE | Heavy HDE
Spark plugs ......cccccvevererinenenn 25,000 - - -
(750)
DEF filters ....c.ccoccvveverenenennene - 100,000 100,000 100,000
(3,000) (3,000) (3,000)
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Crankcase ventilation valves 60,000 60,000 60,000 60,000

and filters ... (1,800) (1,800) (1,800) (1,800)

Ignition wires and coils ........... 50,000 - - -
(1,500)

OXYgen SENSOTS ..ccvveenveerrernnennns 80,000 - - -
(2,400)

Air injection system 110,000 - - -

COMPONENLS ..eeeereeerreereaeraeneennes (3,300)

Sensors, actuators, and related 100,000 100,000 150,000 150,000

control modules that are not (3,000) (3,000) (4,500) (4,500)

integrated into other systems ...

Particulate filtration systems 100,000 100,000 250,000 250,000

(other than filter substrates) .... | (3,000) (3,000) (7,500) (7,500)

Catalyst systems (other than 110,000 110,000 185,000 435,000

catalyst substrates), fuel (3,300) (3,300) (5,550) (13,050)

injectors, electronic control

modules, hybrid system

components, turbochargers, and

EGR system components

(including filters and coolers) ..

Catalyst substrates and 110,000 110,000 185,000 435.000

particulate filter substrates in (3.300) 3,300 5,550 (13.050)

model year 2029 and earlier .....

Catalyst substrates and 200,000 270,000 350,000 650,000

particulate filter substrates in (10,000) (13,000) (17,000) (32,000)

model year 2030 and later ........

TABLE 2 TO PARAGRAPH (a)(2) OF § 1036.125—MINIMUM SCHEDULED MAINTENANCE INTERVALS
FOR ADJUSTMENT OR CLEANING

Accumulated miles (hours) for components

Component IS{I;;‘Ek"g“'t“’“ Light HDE | Medium HDE Heavy HDE
Spark plugs 25,000
................................... (750) ) ) i
EGR-related filters and coolers,
fuel injectors, and crankcase 50,000 50,000 50,000 50,000
ventilation valves and filters (1,500) (1,500) (1,500) (1,500)
DEF filters 50,000 50,000 50,000
.................................... j (1,500) (1,500) (1,500)
Ignition wires and coils 50,000
................ (1,500) ) ) i
Oxygen sensors 80,000
............................ (2,400) ) ) i
Air injection system components 100,000
. (3,000) ) ) i
Catalyst system components,
EGR system components (other
than filters or coolers), 100,000 100,000 | 100,000 (3,000), then 100,000 (3’0&2]’
particulate filtration system (3,000) (3,000) 150,000 (4,500)

150,000 (4,500)
components, and turbochargers

*

* * * *

(g) Payment for scheduled maintenance. Owners are responsible for properly maintaining their
| engines; this;whieh generally includes paying for scheduled maintenance, even within the
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warranty period. However, you may commit to paying for scheduled maintenance as described in
paragraph (a)(1)(iv) of this section to demonstrate that the maintenance will occur. You may also
schedule maintenance not otherwise allowed by paragraph (a)(2) of this section if you pay for it.
Y ou must pay for scheduled maintenance on any component during the useful life if it meets all

the following conditions:
% %k %k ok %

(hy* * *

(8) Include a troubleshooting guide to address the following swarning-signals related to SCR

inducement:
(1) The-indueement-derate schedule for visual and audible signals (including indication
that indueements-the signal will begin prior to the DEF tank being completely empty).
(i) The meaning of any trouble lights that indicate specific problems (e.g., DEF level).
(ii1) A description of the three types of SCR-related derates-triggers that cause the visual
and audible signals (DEF level, DEF quality and tampering) and that further information

on the inducement cause (e.g., trouble codes) is available using the OBD system.
* * * * *

17. Amend § 1036.130 by:
a. Revising paragraph (b)(7)(ii);
b. Adding paragraph (b)(10); and
c. Revising paragraph (c).
The revisions and addition read as follows:

§ 1036.130 Installation instructions for vehicle manufacturers.
% % % % %

(i1) Describe how vehicle manufacturers must install diesel exhaust fluid tanks with

sensors and equipment as needed to meet the requirements of §§ 1036.110, and-1036.111,
and 1036.115(i).

% % % % %

(10) For powertrain families, describe any limitations on the type or configuration of
vehicles.
(c) Give the vehicle manufacturer engine data and information to support vehicle

certificationfuelmapresults as described in § 1036.505¢b).
* *

* * *

18. Amend § 1036.135 by revising paragraph (e) to read as follows:
§ 1036.135 Labeling.
% % % % %

(e) You may ask us to approve modified labeling requirements in this part if you show that it is
necessary or appropriate. We will approve your request if your alternative label is consistent with
the requirements of this part. We may also specify modified labeling requirements to be

consistent with the intent of 40 CFR part 1037.
k k * * *

19. Amend § 1036.150 by:
a. Revising paragraphs (k) and (z); and
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b. Adding paragraphs (aa), (bb), and (cc).
The revisions and additions read as follows:

§ 1036.150 Interim provisions.

* ok %k ok %

(k) Limited production volume allowance-underABF. You may produce a limited number of
Heavy HDE in model years 2027 through 2029 that continue to meet the criteria pollutant
standards as they that-applied under 40 CFR 86.007-11-4n-medelyears 2027 through2029. The
maximum number of engines you may produce under this limited production allowance is 5
percent of the annual average of your actual production volume of Heavy HDE in model years

2023-2025-forealetlating NOx-emisston-ereditsunder-§1+036-705. Engine certification under

this paragraph (k) is subject to the following conditions and requirements:
(1) Engines must meet all the standards and other requirements that apply under 40 CFR part
86 for model year 2026. Engines must be certified in separate engine families that qualify for
carryover certification as described in § 1036 23 5(d)
(2) Reserved| The NOx-FEL-mu C

M@DELA%AR—%@%—ENG%NES—UNDER—%—GFR—%%@GQ:Include the followmg

compliance statement instead of the compliance statement in § 1036.135(¢)(8): “THIS
ENGINE COMPLIES WITH U.S. EPA REGULATIONS FOR [MODEL YEAR] HEAVY-
DUTY HIGHWAY ENGINES, EXCEPT THAT IT CONFORMS TO CERTAIN MODEL
YEAR 2026 STANDARDS UNDER 40 CFR 1036.150(k).”
% % k k k
(z) Atternate-Alternative family pass criteria for in-use testing. The following family pass criteria
apply for manufacturer-run in-use testing instead of the pass criteria described in § 1036.425 for
model years 2027 and 2028:
(aa) Carryover deterioration factors. You may certify an engine family to compression-ignition
standards using carryover data with a deterioration factor based on vehicle speeds of either 40.26
mi/hr for test sequence 1 or 44.48 mi/hr for test sequence 2 under § 1036.245.
(bb) OBD provisions for NCP engines. If you certify a model year 2027 or later engine family
under 40 CFR part 86, subpart A, as described in 40 CFR 1071.60, do not count those engine
families when determining testing requirements that apply under § 1036.110.
(cc) Deterioration factors through model year 2029. Through model year 2029, determine
deterioration factors based on estimated emission levels corresponding to the useful life that
applies for the engine family. This may involve interpolation if you measured emission levels
after service accumulation exceeding the useful life (in miles).

20. Amend § 1036.201 by revising paragraph (h) to read as follows:

§ 1036.201 General requirements for obtaining a certificate of conformity.

* * * * *

(h) For engines that become new after being placed into service, such as rebuilt engines installed
in new vehicles, we may specify alternate-alternative certification provisions consistent with the

intent of this part. See 40 CFR 1068.120(h) and the definition of “new motor vehicle engine” in

§ 1036.801.
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21. Amend § 1036.205 by:
a. Adding paragraph (b)(12); and
b. Revising paragraphs (c), (e), and (r)(1).
The addition and revisions read as follows:

§ 1036.205 Requirements for an application for certification.
ok ok % %

(by* * *
(12) Describe the following SCR-related design features:

(1) Audible signals required under § 1036.111(c).

(i1) Compensation algorithms required under § 1036.1153G)(2).
(c) Explain in detail how the engine diagnostic system works, describing especially the engine
conditions (with the corresponding diagnostic trouble codes) that cause the malfunction indicator
to go on. ¥eumay-askuste-Also describe any approved conditions under which the diagnostic
system disregards trouble codes as desertbed-specified in § 1036.110(b)(12) and any exceptions

from comprehensive component monitoring as allowed under § 1036.110(b)(20).
* * % % %

(e) Describe any test equipment and procedures that you used, including any special or alternate

alternative test procedures you used (see § 1036.501).
% % % % %

(r) * * *
(1) For praetically-physically adjustable operating parameters, include the nominal or
recommended setting, the intended practically adjustable range, and the limits or stops used
to establish adjustable ranges. State that the limits, stops, or other means of inhibiting
adjustment are effective in preventing adjustment of parameters on in-use engines to settings
outside your intended practically adjustable ranges and provide information to support this

statement.
* % ok k%

22. Amend § 1036.230 by revising paragraph (f)(3) to read as follows:

§ 1036.230 Selecting engine families.

* * * * *

(f)* % %

(3) If you certify both engine fuel maps and powertrain fuel maps for an engine family, you
may split the engine family into two separate subfamilies. Indicate this in your application
for certification, and identify whether one or both of these sets of fuel maps applies for each
group of engines. If you do not split your family, all engines within the family must conform
to the engine fuel maps, including any engines for with-which the powertrain maps also
ipplg-

* * *

23. Amend § 1036.235 by revising paragraphs (b) introductory text, (e), and (f) to read as
follows:

§ 1036.235 Testing requirements for certification.

* * * * *

(b) Test your emission-data engines using the procedures and equipment specified in subpart F of
this part. In the case of dual-fuel and-flexible-fuel-engines, measure emissions when operating
with each type of fuel for which you intend to certify the engine. In the case of flexible-fuel
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engines, measure emissions when operating with the fuel mixture that best represents in-use
operation or is most likely to have the highest NOx emissions (or NOx+NMHC emissions for
engines subject to NOx+NMHC standards), though you may ask us instead to perform tests with

both fuels separately if you can show that intermediate mixtures are not likely to occur in use.
% % * % *

(e) We may require you to test a second engine of the same configuration in addition to the
engines tested under paragraph (ba) of this section.

(f) If you use an alternate-alternative test procedure under 40 CFR 1065.10 and later testing
shows that such testing does not produce results that are equivalent to the procedures specified in

subpart F of this part, we may reject data you generated using the alternative alternate-procedure.
% % % % k

24. Amend § 1036.240 by revising paragraphs (b) and (c) introductory text to read as
follows:

§ 1036.240 Demonstrating compliance with criteria pollutant emission standards.

% % % % %

(b) Your engine family is deemed not to comply if any emission-data engine representing that
family has test results showing an official emission result or a deteriorated emission level for any
pollutant that is above an applicable duty-cycle emission standard (including all corrections and
adjustments). Similarly, your engine family is deemed not to comply if any emission-data engine
representing that family has test results showing any emission level above the applicable off-
cycle emission standard for any pollutant. This also applies for all test points for emission-data
engines within the family used to establish deterioration factors.

(c) To compare emission levels from the emission-data engine with the applicable duty-cycle
emission standards, apply deterioration factors to the measured emission levels for each
pollutant. Section 1036.245 specifies how to test engines and engine components to develop
deterioration factors that represent the deterioration expected in emissions over your engines’
useful life. Section 1036.246 describes how to confirm or modify deterioration factors based on
in-use verification testing. Your deterioration factors must take into account any available data
from other in-use testing with similar engines. Small manufacturers may use assigned
deterioration factors that we establish. Other manufacturers -may request to certify engine
families using assigned deterioration factors that we establish. The assigned deterioration factors
may apply for a projected nationwide production volume up to 10,000 engines, including all
affiliated companies. The deterioration factors apply to entire engine families. Apply

deterioration factors as follows:
% % % % %

25. Amend § 1036.245 by revising paragraph (c) to read as follows:

§ 1036.245 Deterioration factors for exhaust emission standards.

* % * * *

(c) If you are unable to determine deterioration factors for an engine family under paragraph (a)
of this section, select engines, subsystems, or components for testing. Determine deterioration
factors based on service accumulation and related testing to represent the deterioration expected
from in-use engines over the useful life, including effects of crankcase emissions_and infrequent
regeneration. You may perform maintenance on emission-data engines as described in

§ 1036.125 and 40 CFR part 1065, subpart E. Use good engineering judgment for all aspects of
the effort to establish deterioration factors under this paragraph (c). Send us your test plan for our
preliminary approval under § 1036.210. You may apply deterioration factors based on testing
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under this paragraph (c) to multiple engine families, consistent with the provisions in paragraph
(a) of this section. Engine dynamometer hours accumulated during emission measurements do
not count toward meeting the minimum number of engine dynamometer hours in paragraph
(c)(3) of'this section or the total service accumulation hours in paragraph (c)(8) of this section.
Determine deterioration factors based on a combination of minimum required engine
dynamometer aging hours and accelerated bench-aged aftertreatment as follows:
(1) Select an emission-data engine and aftertreatment devices and systems that can be
assembled into a certified configuration to represent the engine family. Stabilize the engine
and aftertreatment devices and systems, together or separately, to prepare for emission
measurements. These stabilization hours count toward meeting the minimum number of
engine dynamometer hours in paragraph (¢)(3) of this section.
(2) Perform low-hour emission measurement once the engine has operated with
aftertreatment long enough to stabilize the emission control. Measure emissions of all
regulated pollutants while the engine operates over all applicable duty cycles on an engine
dynamometer as described in subpart F of this part. You may use the average of multiple
emission tests to determine your emissions value for the purpose of calculating a
deterioration factor.
(23) Perform additional service accumulation as described in paragraph (c)(3) of this section

on an engine dynamometer meeting-atleast-the-fellowinguntil you reach the minimum
speetfieationsspecified number of engine dynamometer hours:

TABLE 1 TO PARAGRAPH (¢)(23) OF § 1036.245—MINIMUM REQUIRED ENGINE
DYNAMOMETER AGING HOURS BY PRIMARY INTENDED SERVICE CLASS

Primary intended service
class

Minimum engine
dynamometer hours

Spark-ignition HDE

300

Light HDE 1,250
Medium HDE 1,500
Heavy HDE 1,500

(34) Perform service accumulation in the laboratory by operating the engine or hybrid
powertrain on a dynamometer repeatedly over one of the foHlewing-test sequences in
paragraph (c)(4)(1) or (i1) of this section, or use a different test sequence (and cycle
validation) that we approve in advance:. For spark-ignition engines, you may exclude
operation over the LLC in paragraphs (¢)(4)(1)(C) and (i1)(C) of this section. If you conduct
service accumulation for hybrid powertrains using an engine-based simulation of powertrain
testing as specified in 40 CFR 1037.551, you may omit the hybrid components.
(1) Yse-duty-eyeleTest sequence 1 for-is based on operating over the FTP, RMC, and
LLC. Operate the engine or hybrid powertrainany-engine-on-an-engine-dynamemeter; as
follows for test sequence 1:
(A) Operate at idle for 2 hours.
(B) Operate for 105 + 1 hours over a repeat sequence of one FTP followed by one
RMC.
(C) Operate over one LLC.
(D) Operate at idle for 2 hours.
(E) Shut down the engine for cooldown to ambient temperature.
(F) Perform cycle validation for at least one FTP, one RMC, and one LLC for the
initial run through test sequence 1. If validation fails, correct the problem and
continue service accumulation. Use good engineering judgment to ensure that the
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engine or hybrid powertrain follows the test sequence throughout the duration of
service accumulation, for example by using real-time monitors.
(11) Testbuty-eyele sequence 2 is based on operating over the LLC and the vehicle-based
duty cycles from 40 CFR part 1037. Select the vehicle subcategory and vehicle
configuration from § 1036.540 or § 1036.545 with the highest reference cycle work for
each vehicle-based duty cycle. Operate the engine or hybrid powertrain as follows for
duty-eyeletest sequence 2:
(A) Operate at idle for 2 hours.
(B) Operate for 105 + 1 hours over a repeat sequence of one Heavy-duty Transient
Test Cycle, then one 55 mi/hr highway cruise cycle, and then one 65 mi/hr highway
cruise cycle.
(C) Operate over one LLC.
(D) Operate at idle for 2 hours.
(E) Shut down the engine for cooldown to ambient temperature.
(F) Perform cycle validation for at least one heavy-duty transient test cycle, one 55
mi/hr highway cruise cycle, one 65 mi/hr highway cruise cycle, and one LLC for the
initial run through test sequence 2. If validation fails, correct the problem and
continue service accumulation. Use good engineering judgment to ensure that the
engine or hybrid powertrain follows the test sequence throughout the duration of
service accumulation, for example by using real-time monitors.
(5) If you use a nonmotoring dynamometer for service accumulation; when running motoring
points, set the dynamometer command to minimum and use the operator demand to control

speed.
(6) Use the following alternative cycle-validation criteria to validate service accumulation.

Table 1 to Paragraph (c)(6) of § 1036.245— Alternative Cycle Validation Criteria for Service
Accumulation®

Parameter Speed Torque Power
Slope, ai — 0.800 <a; <1.030 0.800 <a; <1.030
Absolute value of < 6 % of maximum < 6 % of maximum
intercept, |aol — mapped torque mapped power
Standard error of <15 % of maximum
the estimate, SEE — — mapped power

Coefficient of 0.95 > 0.650 >0.650
determination, 7

aCycle-validation criteria apply as described in 40 CFR 1065.514 unless otherwise
specified.

(47) After performing the specified service accumulation on the engine dynamometer, repeat
the emission measurements described in paragraph (c)(1) of this section.Performall the

the-felowing-equation—Calculate the total service accumulation representing hours of engine
operation over the useful life as follows:
(1) Use the following equation, except as specified in paragraph (¢)(8)(i1) of this section:
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UL -k
trotal = =
Vagingcycle

Eq. 1036.245-1

Where:
UL = useful life mileage representing the longest useful life that the deterioration

factors would be used forfrem-§1+036-104(e).
k=1.15 for Heavy HDE and 1.0 for all other primary intended service classes.

vagmgcycle average speed of agmg—eyel&m—paragraph—(@(%}—e#ﬂﬁs—see&eﬂ—gse

¥ , ¥ -the
Vehrcle derlved from field data, based on the apphcatlons used for deterrnmlng the
thermal exposure for the engine family as described in the field data discussion in 40
CFR 1065.1131 or 40 CFR 1065.1147. If the average speed from the field data is less
than 20 mi/hr use 20 mi/hr as the average speed.

Example for a model year 2030 Heavy HDE for duty-eyete-test sequence 1:
UL = 650,000 miles

k=1.15

Dagingeycle = 40.26 mi/hr
650,000 - 1.15

ttotal = 40 26

ttotal = 18,567 hI‘

(i1) To determine deterioration factors for standards subject to a shorter useful life, you
may calculate a value for hours-of-service accumulation corresponding to the shorter
useful life using Eq. 1036.245-1. For example, this may apply if the testing will be used
to establish deterioration factors for a different primary intended service class. Follow the
procedure described in paragraph (¢)(12) of this section to determine deterioration factors
for a shorter useful life.

(69) Perform accelerated bench aging of aftertreatment devices to finish service

accumulation over the useful life, if the aftertreatment was not aged to useful life in

paragraph (c)(4) of this section.
(1) Calculate the bench aging hours by subtracting the actual engine operating hours
during service accumulation from #.ta1 and dividing the difference by the acceleration
factor determined in 40 CFR 1065.1139(a) for compression ignition engines and 40 CFR
1065.1149 for spark ignition engines. Note that engine operating hours during service
accumulation is the sum of the engine stabilization hours under paragraph (c)(1) of this
section, service accumulation hours under paragraph (c)(2) of this section, and engine

stablhzatron hours under paragraph ( c)( 1 1) of this section. represent—neﬂ%al—engme

(i1) For powertrains where hybrid components are part of the certified configuration, you
may request a reduction in aging hours to represent charge-sustaining engine operation,
with our approval. You may not account for engine-off operation due to charge-depleting

operation.

iii) Design-yot .
evew—l—@@@%eur&e#aeeelera{ed—beﬁeh—agmg—Use the accelerated bench -aging procedure
in 40 CFR 1065.1131 through 1065.1145 for compression ignition engines, 40 CFR
1065.1147 through 1065.1155 for spark ignition engines, or get our advance approval to
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use a different procedure that adequately th&t—accounts for thermal and chemical
degradatron - ple nigh ng

(410) After bench -aging aftertreatment devrces rnstaH—er—relnstall thes&the aftertreatment
devices and systems on the engine used for service accumulation in paragraph (c¢)(2) of this
section, or install aftertreatment devices and systems on an different emission-data engine (or
an equivalent engine) that has been stabilized without aftertreatment as described in
paragraph (c)(1) of this section. Ensure that the aftertreatment is installed such that the
engine is in a certified configuration to represent the engine family.

(811) Operate the engine with the bench-aged aftertreatment devices to allow controls to
adapt to the aftertreatment condition and to stabilize emission controls. F-for compression
ignition engines, operate at least 100 hours on an engine dynamometer as described in
paragraph (c)(4) of this section. You may omit the idle and cooldown periods in paragraphs
(0)(3)(1)(A), (D), and (E) or (c)(4)(i1)(A), (D), and (E) of this section. For spark ignition
engines use good engineering judgment to determine the duty cycle and the operating time on
an engine dynamometer.

(912) Once stabilization is complete, repeat the loew-heur-emission measurements described
in paragraph (c)(1) of this section.

(130) Calculate each deterioration factors by comparing the highest exhaust emissions with
the-benech-aged-aftertreatmentat any point during aging where you measure emissions and

exhaust emissions at the low-hour test point as described in paragraph (¢)(1) of this section,

without extrapolatron -Great&a—h&e&%e&w&ﬁ&rﬂtestmg—me}udes—mtermeehatatesepm

(14) To determrne separate deterroratlon factors correspondlng toa shorter useful life,
calculate the total service accumulation corresponding to the shorter useful life as described
in paragraph (c)(8)(i1) of this section. Once there is enough bench aging to represent
operation corresponding to the shorter useful life, perform the steps described in paragraphs
(c)(10) through (13) of this section, including emission measurement of all relevant
pollutants. After this testing is complete, recalculate the required bench aging hours to
account for the additional operation on the engine dynamometer and resume service

accumulation to determine deterioration factors for the longer useful life.
* * k k k

26. Amend § 1036.255 by revising paragraphs (a), (¢)(7), (d), and (e) to read as follows:

§ 1036.255 EPA oversight on certificates of conformity.
(a) If we determine an application is complete and shows that the engine family meets all the
requirements of this part and the Clean Air Act, we will issue a certificate of conformity for the

engine family for that model year. We may make the approval subject to additional conditions.
* * * * *

(C) % % *

(7) Take any action that otherwise circumvents the intent of the Clean Air Act or this part.
(d) We may void a certificate of conformity if you fail to keep records, send reports, or give us
information as required under this part or the Clean Air Act. Note that these are also violations of
40 CFR 1068.101(a)(2).
(e) We may void a certificate of conformity if we find that you intentionally submitted false or

incomplete information. This includes doing anything after submitting an application that causes
submitted information to be false or incomplete-after-submission.

% % % % %
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27. Amend § 1036.410 by revising paragraph (c) to read as follows:

§ 1036.410 Selecting and screening vehicles and engines for testing.

% % % % k

(c) You must notify us before disqualifying any vehicle based on illuminated MIL or stored
OBD trouble codes as described in § 1036.415(b)(23), or for any other reasons not specified in
paragraph (b) of this section. For example, notify us if you disqualify any vehicle because the
engine does not represent the engine family or the vehicle’s usage is atypical for the particular
application. You do not need to notify us in advance if the owner declines to participate in the
test program.

28. Amend § 1036.415 by:

a. Revising paragraph (c) introductory text;
b. Adding paragraph (c)(6);

c. Revising paragraphs (d) and (g); and

d. Adding paragraph (h).

The revisions and additions read as follows:

§ 1036.415 Preparing and testing engines.
* * * * *

(c) Use appropriate fluidsfuels for testing, as follows:
* * * * *
(6) Perform testing in the as-received condition with respect to DEF. You may measure the
urea concentration of the as-received DEF.
(d) You must test the selected engines using the test procedure described in § 1036.530 while
they remain installed in the vehicle. Testing consists of characterizing emission rates for moving
average 300 second windews-test intervals while driving, with those test intervals windews
divided into bins representing different types of engine operation over a shift-day. Measure
emissions as follows:
(1) Perform all testing with PEMS and field-testing procedures referenced in 40 CFR part
1065, subpart J. Measure emissions of NOx, CO, and CO>. We may require you to also
measure emissions of HC and PM. You may determine HC emissions by any method
specified in 40 CFR 1065.660(b)._If we do not require HC measurement, set XTHCmeas in 40
CFR 1065.655 to zero.
(2) If the engine’s crankcase discharges emissions into the ambient atmosphere, as allowed
by § 1036.115(a), you must either route all crankcase emissions into the exhaust for a
combined measurement or add the crankcase emission values specified in § 1036.240(e) to
represent emission levels at fal-useful life instead of measuring crankcase emissions in the
field.

* * * * *

(g) For stop-start and automatic engine shutdown systems meeting the specifications of 40 CFR
1037.660, override idle-reduction features if they are adjustable under 40 CFR 1037.520()(4). If
those systems are tamper-resistant under 40 CFR 1037.520(j)(4), set the 1-Hz emission rate to
zero for all regulated pollutants when the idle-reduction feature is active. Do not exclude these
data points under § 1036.530(ed)(3)(ii1).

(h) For hybrid powertrains that are designed to turn the engine off at zero vehicle speed, set the
1-Hz emission rate to zero for all regulated pollutants after the initial engine start for the shift-
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day when the engine is off, the vehicle speed is zero, and the powertrain is keved on. Do not
exclude these data points under § 1036.530(d)(3)(i1).

29. Amend § 1036.420 by:

a. Revising paragraphs (c) and (d) introductory text; and
b. Adding paragraphs (d)(1) and (2).
The revisions and additions read as follows:

§ 1036.420 Pass criteria for individual engines.
* ok %k ok %
(c) For engines subject to compression-ignition standards, determine the number of test intervals
for each pollutant windews-in each bin. A bin is valid under this section only if it has at least
2,400 test intervals swandews-for bin 1 and at least 10,000 test intervals windews-for bin 2.
(d) Continue testing and combine valid data from all test intervals for each measured pollutant
from additienal-all shift-days as-neeessary-to achieve the minimum windew-test interval
requirements for each bin. Combine valid ambient temperature data, Tamp, from all shift-days,
calculate the arithmetic mean of the ambient temperature, T, as specified in § 1036.530(i) and
use this to calculate the off-cycle NOx emission standard in § 1036.104(a)(3).
(1) For example, you may perform additional testing to address a shortfall in reaching the
minimum test interval requirements due to any of the following reasons:
(1) Insufficient shift-day operation as described in § 1036.415(f).
(i1) Excluded data as described in § 1036.530(d)(3).
(i11) Gas analyzer range verification failure according to 40 CFR 1065.935(g)(5)(1).
(iv) Drift verification failure according to 40 CFR 1065.935(g)(5)(i1) or (iii).
(2) You may idle the engine at the end of the shift day if you are not certain if you achieved
at least 2,400 te-inerease-the-number-of-windews-in-bin 1 test intervals. For engine designs
that shut down the engine during idle as described in § 1036.415(g) or (h)Hthe-vehicle-has
tamper-resistanttdle-reduction-technology-that preventsidhing, populate bin 1 with additional

test intervals windews-by setting the 1-Hz emission rate for all regulated pollutants to zero at

the end of the shift day as-desertbedin§1+036-45(e)to achieve exactly 2,400 bin 1 test
intervalswindews.

* * * * *

30. Amend § 1036.425 by revising paragraph (c) to read as follows:

§ 1036.425 Pass criteria for engine families.

% % % % %

(c) If two or more engines tested under paragraphs (a) and (b) of this section do not comply fully
with the off-cycle bin standards, test additional engines until you have tested a total of ten
engines. Calculate the arithmetic mean of the bin emissions from the ten engine tests as specified
in § 1036.530(gh) for each pollutant. Calculate the arithmetic mean, T, ,},. of the ambient
temperature from the ten engine tests as specified in § 1036.530(i) and use this to calculate the
off-cycle NOx emission standard in § 1036.104(a)(3). If the mean values are at or below the off-
cycle bin standards, the engine family passes. If the mean value for any pollutant is above an off-

cycle bin standard, the engine family fails.
* * * * *

31. Amend § 1036.430 by:
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a. Revising paragraph (a)(1)(ii);

b. Adding paragraph (a)(2)(x); and

c. Revising paragraphs (a)(3)(v) and (vii).
The revisions and addition read as follows:

§ 1036.430 Reporting requirements.
(a)* * *
(H* * *

(i1) Include a summary of the vehicles you have disqualified and the reasons you
disqualified them, whether you base the disqualification on the criteria in § 1036.410(b),
owner nonparticipation, or anything else. If you disqualify the vehicle based on
illuminated MIL or stored OBD trouble codes, describe the MIL or trouble code
information. If you disqualified a vehicle due to misfueling, include the results of any
fuel sample tests. If you reject a vehicle due to tampering, describe how you determined

that tampering occurred.
% % % % % .

(x) Identify the time and vehicle mileage for adding DEF if the vehicle needs a DEF
refill.

(v) Fuel test results, if fuel was tested under § 1036.410 or § 1036.415. Similarly, include
measured values for urea concentration if you test for DEF quality under § 1036.410 or

§ 1036.415.

% % % % %

(vii) The number of test intervals windews-in each bin (see § 1036.420(c)).

% % % % %

32. Amend § 1036.501 by:

a. Revising paragraph (b) introductory text;

b. Redesignating paragraph (b)(3) as paragraph (b)(4);
c. Adding a new paragraphs (b)(3);

d. Revising paragraphs (f) and (h); and

e. Adding paragraph (i).

The revisions and additions read as follows:

§ 1036.501 General testing provisions.

* * * * *

(b) Use the fuels and engine fluids specified in 40 CFR part 1065 to perform valid tests, as
follows:

(3) For engines using selective catalytic reduction, use diesel exhaust fluid that conforms to
the specifications referenced in the definition of “diesel exhaust fluid” in § 1036.801.

(43) For gasoline-fueled engines, use the appropriate E10 fuel specified in 40 CFR part 1065.
*

* * *

*

(f) You may use special or alternative alternate-procedures to the extent we allow them under 40
CFR 1065.10.

% % % % %

(h) For testing engines that use regenerative braking through the crankshaft only to power an
electric heater for aftertreatment devices, you may use the nonhybrid engine testing procedures
in §§ 1036.510, 1036.512, and 1036.514 and you may also or instead use the fuel mapping
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procedure in § 1036.505(b)(1) or (2). You may use this allowance only if the recovered energy is
less than 10 percent of the total positive work for each applicable test interval. Otherwise, use
powertrain testing procedures specified for hybrid powertrains to measure emissions and create
fuel maps. For nonhybrid engines that use the powertrain test procedures, the provisions
specified for nonhybrid powertrain testing apply. For engines that power an electric heater with a
battery, you must meet the requirements related to charge-sustaining operation as described in 40
CFR 1066.501(a)(3).

(1) The following figure illustrates an example of a test sequence for determining criteria
pollutant emissions for plug-in hybrid powertrains:
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FIGURE 1 TO PARAGRAPH (1) OF § 1036.501— CRITERIA POLLUTANT TEST SEQUENCE

Engine Precondition®

!

Engine Cooldown |

!

FTP Charge Depleting Emission Test”

!

| Engine Cooldown |

y

FTP Charge Sustaining Emission Test™

'

LLC Charge Sustaining Emission Test®

y

I Engine Precondition’ I

y

I SET Charge Sustaining Emission Test I

* Preconditioning is for the FTP charge depleting emission test.

® See §1036.512(d)(1).

¢ See §1036.512(d)(2).

9 This test can be used as the preconditioning cycle for the LLC.

¢ Testing over LLC is only required for compression-ignition engines.
"See 40 CFR 1065.518(c)(5).

33. Amend § 1036.510 by revising paragraphs (b)(2) introductory text, (b)(2)(iii) and
(vii), (c) introductory text, (c)(3), (d), (e), and (g) to read as follows:

§ 1036.510 Supplemental Emission Test.

k k * * k
(2) Test hybrid powertrains as described in § 1036.545, except as specified in this paragraph
(b)(2). Do not compensate the duty cycle for the distance driven as described in
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§ 1036.545(g)(4)._You may set the battery to the lowest SOC level that results in charge
sustaining operation after preconditioning to help meet the NEC requirement described in

§ 1036.545(a)(6). Follow 40 CFR 1065.610(d)(3)(i1) for applying optional declared
accessory loads. For hybrid engines, select the transmission model parameters as described in
§ 1036.510(b)(2)(viii). Disregard duty cycles in § 1036.545(j). For cycles that begin with
idle, leave the transmission in neutral or park for the full initial idle segment. Place the
transmission into drive no earlier than 5 seconds before the first nonzero vehicle speed
setpoint. For SET testing only, place the transmission into park or neutral when the cycle
reaches the final idle segment. Use the following vehicle parameters instead of those in

§ 1036.545 to define the vehicle model in § 1036.545(a)(3):

% % % % %

(ii1) Determine the vehicle drag area, CaA4, as follows:
_ (0.00299 - Agyo, — 0.000832) - 2- g - 3. 62

p

d
Eq. 1036.510-3

Where:
g = gravitational constant = 9.80665 m/s*.
p = air density at reference conditions. Use p = 1.1845 kg/m’.

Example:

(0.00299 - 7.59 — 0.000832) - 2 - 9.80665 - 3. 62

it = 1.1845
CaA = 4.693:08 m?

* ok ok ok %k

(vii) Select a combination of drive axle ratio, k., and a tire radius, 7, that represents the
worst-case combination of top gear ratio, drive axle ratio, and tire size for CO, emissions
expected for vehicles in which the hybrid engine or hybrid powertrain will be installed.
This is typically the highest axle ratio and smallest tire radius. Disregard configurations
or settings corresponding to a maximum vehicle speed below 60 mi/hr in selecting a drive
axle ratio and tire radius, unless you can demonstrate that in-use vehicles will not exceed
that speed. You may request preliminary approval for selected drive axle ratio and tire
radius consistent with the provisions of § 1036.210. If the hybrid engine or hybrid
powertrain is used exclusively in vehicles not capable of reaching 60 mi/hr, you may
request that we approve an alternative alternate-test cycle and cycle-validation criteria as
described in 40 CFR 1066.425(b)(5). Note that hybrid engines rely on a specified
transmission that is different for each duty cycle; the transmission’s top gear ratio
therefore depends on the duty cycle, which will in turn change the selection of the drive
axle ratio and tire size. For example, § 1036.520 prescribes a different top gear ratio than
this paragraph (b)(2).

* *

(c) Measure emissions using the SET duty cycle shown in Table 1 of this section to determine

whether engines meet the steady-state-compression-tgnittonemission standards specified in

subpart B of this part. Table 1 of this section specifies test settings, as follows:
* * * * *

(3) Table 1 follows:
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TABLE 1 TO PARAGRAPH (¢)(3) OF § 1036.510—SUPPLEMENTAL EMISSION TEST

Engine testing

Hybrid powertrain testing

SET mode 2(1)1(1;; in Engine Torque :;eel:;le Road-grade coefficients
ab be

(seconds) speed (percent) (mi/hr) a b c d e f g h
; 2 titeady' 124 fgf‘em 0 0 0 0 0 0 0 0 0 0
1b 20 Linear Linear Linear -1.898E- | -5.895E- | 3.780E- 4.706E- 6.550E- -2.679E- _1 027E-+0 1.542E+0
Transitiond Transition | Transition Transition | 08 07 05 03 04 02 0’ 1
2a Steady- 196 A 100 -1.227E- | -5.504E- | 3.946E- 1.212E- 5.289E- -3.116E- | -3.227E- 1.619E+0
state ViefA 08 07 05 03 04 02 01 1
2b 20 Linear Linear Linear -2.305E- | -4.873E- | 2.535E- 8.156E- 4.730E- -2.383E- | -2.975E- 1.277E+0
Transitiond Transition | Transition Transition | 09 07 05 04 04 02 01 1
3a Steady- 220 B 50 8.296E- -4.752E- 1.291E- 2.880E- 4.524E- -1.802E- | -1.830E- | 8.810E+0
state ViefB 09 07 05 04 04 02 01 0
3b 20 B Linear N 4.642E- -5.143E- 1.991E- 3.556E- 4.873E- -2.241E- | -2.051E- 1.068E+0
Transition Transition refB 09 07 05 04 04 02 01 1
4a Steady- 220 B 75 v 1.818E- -5.229E- | 2.579E- 5.575E- 5.006E- -2.561E- | -2.399E- 1.287E+0
state refB 10 07 05 04 04 02 01 1
4b 20 Linear Linear Linear 5.842E- -4.992E- | 2.244E- 4.700E- 4.659E- -2.203E- | -1.761E- 1.072E+0
Transition? Transition | Transition Transition | 10 07 05 04 04 02 01 1
Sa Steady- 268 A 50 3.973E- -4.362E- 1.365E- 4.846E- 4.158E- -1.606E- | -1.908E- | 8.206E+0
state ViefA 09 07 05 04 04 02 01 0
5b 20 A Linear -2.788E- | -4.226E- 1.812E- 6.591E- 4.158E- -1.846E- | -2.201E- 1.001E+0
Transition Transition | ™ 10 07 05 04 04 02 01 1
6a Steady- 268 A 75 -4.216E- | -4.891E- | 2.641E- 8.796E- 4.692E- -2.348E- | -2.595E- 1.226E+0
state VeefA 09 07 05 04 04 02 01 1
6b 20 A Linear v 3.979E- -4.392E- 1.411E- 2.079E- 4.203E- -1.658E- | -1.655E- | 7.705E+0
Transition Transition | ™ 09 07 05 04 04 02 01 0
7a Steady- 268 A 25 1.211E- -3.772E- | 6.209E- 1.202E- 3.578E- -8.420E- | -1.248E- | 4.189E+0
state VrefA 08 07 07 04 04 03 01 0
7b 20 Linear Linear Linear 1.659E- -4.954E- | 2.103E- 4.849E- 4.776E- -2.194E- | -2.551E- 1.075E+0
Transition? Transition | Transition Transition | 09 07 05 04 04 02 01 1
8a Steady- 196 B 100 v -8.232E- | -5.707E- | 3.900E- 8.150E- 5.477E- -3.325E- | -2.956E- 1.689E+0
state B 09 07 05 04 04 02 01 1
8b 20 B Linear 4.286E- -5.150E- | 2.070E- 5.214E- 4.882E- -2.291E- | -2.271E- 1.157E+0
Transition Transition | ™ 09 07 05 04 04 02 01 1
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9a Steady- 196 B 25 1.662E- -4.261E- -2.705E- | 2.098E- 4.046E- -1.037E- -1.263E- | 4.751E+0
state Vel 08 07 07 05 04 02 01 0

9b 20 Linear Linear Linear 7.492E- -5.451E- 1.950E- 2.243E- 5.114E- -2.331E- | -2.270E- 1.062E+0
Transition? Transition | Transition Transition | 09 07 05 04 04 02 01 1

é?eaad i 8 C 100 . -1.073E- -5.904E- 3.477E- 5.069E- 5.647E- -3.354E- -2.648E- 1.651E+0
state y refC 09 07 05 04 04 02 01 1

10b 20 C Linear 9.957E- -5.477E- 1.826E- 2.399E- 5.196E- -2.410E- -2.010E- 1.128E+0
Transition Transition | " 09 07 05 04 04 02 01 1

é:jad i 4 C 25 . 1.916E- -5.023E- 3.715E- 3.634E- 4.706E- -1.539E- -1.485E- 6.827E+0
state y refC 08 07 06 05 04 02 01 0

11b 20 C Linear . 1.474E- -5.176E- 1.027E- 1.193E- 4911E- -1.937E- -1.713E- 8.872E+0
Transition Transition refC 08 07 05 04 04 02 01 0

é%:a w4 c s ; 6.167E- | -5.577E- | 2.354E- | 3.524E- | 5.319E- | -2.708E- | -2.253E- | 1.313E+0
ot Y refC 09 07 05 04 04 02 01 1

12b 20 C Linear 1.039E- -5.451E- 1.756E- 2.257E- 5.165E- -2.366E- -1.978E- 1.106E+0
Transition Transition | 08 07 05 04 04 02 01 1

éfa dv- 4 C 50 6.209E- -5.292E- 2.126E- 3.475E- 5.132E- -2.552E- -2.212E- 1.274E+0
5 t;ti Y VrefC 09 07 05 04 04 02 01 1

13b 20 Linear Linear Linear 4.461E- -6.452E- 1.301E- 1.420E- 5.779E- -1.564E- 1.949E- 7.998E+0
Transition? Transition | Transition Transition | 09 07 05 03 04 02 01 0

14 Steady- 1,4 Warm 0 0 0 0 0 0 0 0 0 0

state Idle

?Engine speed terms are defined in 40 CFR part 1065.

®Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the settings of the current
mode to the settings of the next mode.
°The percent torque is relative to maximum torque at the commanded engine speed.
dUse the average vehicle speed during each transition for vier in Eq. 1036.510-7 for calculating road grade for all points during the transition.
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(d) Determine criteria pollutant emissions for plug-in hybrid powertrains _for charge-sustaining
operation-asfeHews:
H-Carryouta-charge-sustaning test as described in paragraph (b)(2) of this section.
(e) Determine greenhouse gas pollutant emissions for plug-in hybrid powertrains using the
emissions results for all the SET test intervals for both charge-depleting and charge-sustaining
operation as follows:
(1) Carry out a charge-depleting test as described in paragraph (b)(2) of this section, except
as follows:
(1) Fully charge the RESS after preconditioning.
(i1) Operate the engine or powertrain continuously over repeated SET duty cycles until
you reach the end-of-test criterion defined in 40 CFR 1066.501(a)(3).
(ii1) Calculate emission results for each SET duty cycle. Figure 1 to paragraph (e)(3) of
this section provides an example of a charge-depleting test sequence where there are two
test intervals that contain engine operation.
(2) Report the highest emission result for each GHG pollutant from all tests in paragraph
(e)(1) of this section, even if those individual results come from different test intervals.
(3) The following figure illustrates an example of an SET charge-depleting test sequence:

FIGURE 1 TO PARAGRAPH (€)(3) OF § 1036.510—SET CHARGE-DEPLETING GHG POLLUTANT
TEST SEQUENCE

Charge-Depleting Charge-Sustaining
5
@) b
O g
an
n s
-@ ® E.nd-.of-test
criterion met

SET 1 SET 2 SET 3 SET 4 SET 5 SET 6

Y
SETs with engine
operation for criteria
pollutant determination

(4) Calculate the utility factor-weighted composite mass of emissions from the charge-
depleting and charge -sustaining test results, eur[emissionjcomp, USING the following equation:

eUF[emlssmn]comp Z[e[emlssmn][mt]CDl (UFDCDL - UFDCDL 1)] + Z[e[emlssmn][lnt]CSJ]
i=1 j=1
(1 = UFgep)

M
Eq. 1036.510-10

32



Where:

i = an indexing variable that represents one test interval.

N = total number of charge-depleting test intervals.

elemission][intjcDi = total mass of emissions in the charge-depleting portion of the test for each
test interval, i, starting from i = 1, including the test interval(s) from the transition phase.
UFpcp; = utility factor fraction at distance Dcp; from Eq. 1036.510-11, as determined by
interpolating the approved utility factor curve for each test interval, i, starting from i = 1. Let
UFpcpo = 0.

j = an indexing variable that represents one test interval.

M = total number of charge-sustaining test intervals.

elemission][intjcs; = total mass of emissions in the charge-sustaining portion of the test for each
test interval, j, starting from j = 1.

UFrcp = utility factor fraction at the full charge-depleting distance, Rcp, as determined by
interpolating the approved utility factor curve. Rcp is the cumulative distance driven over N
charge-depleting test intervals.

Q
Dcp; = z(vk - At)
k=1
Eq. 1036.510-11

Where:

k = an indexing variable that represents one recorded velocity value.

QO = total number of measurements over the test interval.

v = vehicle velocity at each time step, £, starting from k& = 1. For tests completed under this
section, v is the vehicle velocity from the vehicle model in § 1036.545. Note that this should
include charge-depleting test intervals that start when the engine is not yet operating.

At = l/ﬁecord

frecord = the record rate.

Example using the charge-depletion test in figure I to paragraph (d)(4) of this section for the
SET for CO; emission determination:

0 =24000
v1 = 0 mi/hr
vo = 0.8 mi/hr

v3 = 1.1 mi/hr
ﬁecord: 10 Hz
At=1/10Hz=0.1s

24000
Dcpy = Z (0:0.1+4+0.8:0.1+1.1-0.14 vy4000 - At)
k=1
Dcpi =30.1 mi
Dcp2 =30.0 mi
Dcp3 =30.1 mi
Dcpa =30.2 mi
Dcps =30.1 mi
N=5
UFpcp1 =0.11
UFpcp2 =0.23
UFpcps = 0.34
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UFpcpa = 0.45

UFpcps = 0.53

ecozsercpl = 0 g/hp-hr
ecozsercpz = 0 g/hp-hr
ecozsercps = 0 g/hp-hr
ecozsercps = 0 g/hp-hr
ecozsetcps = 174.4 g/hp-hr

M=1
ecozsercs = 428.1 g/hp-hr
UFrep = 0.53
eurcozcomp = [0 (0.11—-0) +0-(0.23 —0.11) + 0- (0.34 — 0.23) + 0 - (0.45 — 0.34)
(1-0.53)
+174.4 - (0.53 — 0.45)] + 428.1 A

eUFCOZC()mp = 2 1 5.2 g/hp'hl‘

* ok ok ok %k

(g) Calculate the total emission mass of each constituent, m, over the test interval as described in
40 CFR 1065.650. Calculate the total work, W, over the test interval as described in 40 CFR
1065.650(d)-, with the following exceptions for testing hybrid powertrains:
(1) Determine shaft power at each point during the test interval using system power, Psys,
from § 1036.520(f) instead of calculating shaft power according to 40 CFR 1065.650(d)(2).
(2) Do not set power values to zero as described in 40 CFR 1065.650(d)(6).
(3) For criteria pollutant charge sustaining tests, where the net energy change tolerance is
greater than 1 percent and less than or equal to 5 percent, subtract net energy change from the
battery determined from 40 CFR 1066.501(a)(3) from the total work determined from this

paragraph (g) and 40 CFR 1065.650(d).-Ferhybrid-pewertrains;-caleulate W using-system
power—Pysas-desertbed$1H036-520(H-

34. Amend § 1036.512 by revising paragraphs (c) and (d) to read as follows:

§ 1036.512 Federal Test Procedure.

% % % % %

(c) Except as specified in paragraph (d) of this section for plug-in hybrid powertrains, the FTP
duty cycle consists of an initial run through the test interval from a cold start as described in 40
CFR part 1065, subpart F, followed by a (20 £1) minute hot soak with no engine operation, and
then a final hot start run through the same transient test interval. Engine starting is part of both
the cold-start and hot-start test intervals. Calculate the total emission mass of each constituent, m,
and ever-eachtestinterval-as-deseribed-40-CER1065-650Caleulate-the total work, W, over
the test interval as described in § 1036.510(g)40-CER1065-650(d). Eorhybridpowertrains;
calculate F using system power. P as described in § 1036.520(1). Determine P, using

§1036-520(H-For powertrains with automatic transmissions, account for and include the work
produced by the engine from the CITT load. Calculate the official transient emission result from
the cold-start and hot-start test intervals using the following equation:

cold start emissions (g) + 6 - hot start emissions (g)

cold start work (hp - hr) + 6 - hot start work (hp - hr)

Official transient emission result =

Eq. 1036.512-1

(d) Determine criteria pollutant emissions for plug-in hybrid powertrains as follows:
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(1) Carry out a charge-depleting test as described in paragraph (b)(2) of this section, except
as follows:
(i) Precondition the engine or powertrain as described in 40 CFR 1065.518(c)(1).
(i1) Fully charge the battery-RESS after preconditioning.
(ii1) Operate the-engine-erpowertrainit over one FTP duty cycle followed by alternating
repeats of a 20-minute soak and a hot start test interval until you reach the end-of-test
criteria defined in 40 CFR 1066.501(a)(3).
(i 1) Caleulate emission results for cach sueeessive patrof test intervals. Caleulate the
composite emission result by treating the first-efthe twe-test intervals with engine
operation and the subsequent test interval as a-the cold-start test intervals and the test
interval that follows those two as the hot-start test interval. Figure 1 to paragraph (d)(4)
of this section provides an example of a charge-depleting test sequence where there-are
threethe fifth and sixth test intervals with-ergine-operationfortwo-overlapping ETP-duty
eyelesare the cold-start test intervals while the seventh is the hot-start test interval.
Calculate the official transient emission result from the cold-start and hot-start test
intervals using the following equation:
Of ficial transient emission result

2 . . .
( iz cold startzemlssmns (9)1> + 6 - hot start emissions (g)

- ( 2 | cold start work (hp - hr);
2

) + 6 - hot start work (hp - hr)
Eq. 1036.512-2

(2) Carry out a charge-sustaining test as described in paragraphs (b)(2) and (c) of this section.
(3) Report the highest composite emission result from all FTP duty-cycles for each criteria
pollutant from all tests in paragraphs (d)(1) and (2) of this section, even if those individual
results come from different test intervals.

(4) The following figure illustrates an example of an FTP charge-depleting test sequence:
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FIGURE 1 TO PARAGRAPH (d)(4) OF § 1036.512—FTP CHARGE-DEPLETING CRITERIA

POLLUTANT TEST SEQUENCE DEPICTING THE END OF TEST WITH TWO COLD START AND ONE
HOT START TEST INTERVALS

Charge-Depleting Operation Charge-Sustaining Operation

» <&
> <

>
>

SOC

End-of-test
criterion met

Test Interval 1 Test Interval 2 Test Interval 3 Test Interval4 Test Interval 5 Test Interval 6 Test Interval 7

Cold Interval 1 Cold Interval 2 Hot Interval
\ ]

*Cold Intervals 1 and 2 and the Hot Interval are intervals T
with engine operation for criteria pollutant determination. Cold Interval

I
FTP

Charge-Depleting Charge-Sustaining

\ 4
A
v

Engine Start

SOC

End-of-test
criterion met

Test Interval 1 Test Interval 2 Test Interval 3 Test Interval4  Test Interval 5 Test Interval 6 Test Interval 7

Cold Interval 1 Hot Interval 1/ Hot Interval 2

. . . Cold Interval 2
*FTP 1 and FTP 2 are FTPs with engine operation for
criteria pollutant determination. L Y J
FTP 1
L J
T
FTP2

(5) The following figure illustrates an example of an FTP charge-sustaining test sequence:
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FIGURE 1 TO PARAGRAPH (d)(5) OF § 1036.512—FTP CHARGE-SUSTAINING CRITERIA
POLLUTANT TEST SEQUENCE

Soak NECTolerance
Cold Start (20 1) Hot Start
minutes
Engine .
SOCg Cooldown®  SOC SOCcg o NECpyjerance
> > > S —_— -
Preconditioning® FTP FTP

2 As described in 40 CFR 1065.518(c)(1).
b As described in 40 CFR 1065.530(a)(1).

35. Amend § 1036.514 by revising paragraphs (a)(1)(i), (b), and (d) to read as follows:

§ 1036.514 Low Load Cycle.

% % % % %

(a) * * *
(1) Apply the accessory load at idle in paragraph (c) of this section using declared idle
power as described in 40 CFR 1065.510(f)(6). The option of declaring a nonzero torque

under 40 CFR 1065.510(f)(5)(iii) does not apply.-Peelared-idle-torque-mustbezero-

% % % % %

(b) Test hybrid powertrains as described in § 1036.510(b)(2), with the following exceptions:
(1) Replace “SET” with “LLC”.
(2) Replace Pcontrated With Prated, Which is the peak rated power determined in § 1036.520.
(23) Keep the transmission in drive for all idle segments 200 seconds or less. For idle
segments more than 200 seconds, leave the transmission in drive for the first 3 seconds of the
idle segment, then immediately place the transmission in park or neutral, and shift the
transmission into drive again 3 seconds before the end of the idle segment. The end of the
idle segment occurs at the first nonzero vehicle speed setpoint.
(34) For hybrid engines, you may request to change the GEM-generated engine reference
torque at idle to better represent curb idle transmrssron torque (CITT)

(5) Calculate and evaluate cycle-validation criteria as specified in § 1036.545.
% % % % %
(d) Except as specified in paragraph (b)(4) of this section for plug-in hybrid powertrains, the test
sequence consists of preconditioning the engine by running one or two FTPs with each FTP
followed by (20 +1) minutes with no engine operation and a hot start run through the LLC. You
may start any preconditioning FTP with a hot engine. Perform testing as described in 40 CFR
1065.530 for a test interval that includes engine starting. Calculate the total emission mass of
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each constituent, m, and eve

%@@

sys%em—pewehPSySDo not exclude accessory loads spec1ﬁed in paragraph ( c) of this section when

calculating /. DeterminePoysusing§1036-520(H-For powertrains with automatic

transmissions, account for and include the work produced by the engine from the CITT load.
% % % % k

36. Amend § 1036.520 by

a. Revising paragraphs (d), (e), (f)(1), and (h);

b. Redesignating paragraphs (i) through (k) as paragraphs (j) through (1), respectively;
c. Adding a new paragraph (i); and

d. Revising redesignated paragraphs (j), (k) and (1).

These revisions and addition read as follows:

§ 1036.520 Determining power and vehicle speed values for powertrain testing.
% % % % %

(d) Carry out the test as described in this paragraph (d). The state-of-charge of the RESS must be
ata representatlve level to deliver max1mum power. Wa&n—up%h%peweﬂram—byepem%mg—ﬁ—\&le

(1) Warm up the powertrain with one FTP duty-cycle that you denormalized using the

manufacturer declared Peontrated.

(2) RampBring the vehicle speed to 8-5 mi/hr with a grade of 0 percent over and-let-the

powertrain-tdle-at-O-mithrfor-50 seconds and dwell at this speed and grade for 5 seconds.

(23) Ramp to Set-maximum driver demand for a full load acceleration within 3 seconds at 6.0
percent% road grade-with-an-initial-vehiele-speed-of-0-mithr, continuing for 268 seconds.

Youmay therease-nttal-vehiele speedup-toS-mithr to-mintmize-elutehshp-
(34) Linearly ramp the grade from 6.0 % down to 0.0 % over 300 seconds. Stop the test after

the acceleration is less than 0.02 m/s?.
(e) Record the powertrain system angular speed and torque values measured at the dynamometer
at 100 Hz and use these in conjunction with the vehicle model to calculate vehicle system power,
Psysvenicle. Note that Psys, 1s the corresponding value for system power at a location that represents
the transmisstoninputengine’s primary output shaft on a conventional powertrain.
(f) % % %
(1) For testing with the speed and torque measurements at the engine’s primary output
transmisstoninput-shaft, Psys is equal to the calculated vehicle system power, Psys,vehicle,

determined in paragraphs (d) and (e) of this section.
% % % % %

(h) Determine measured rated power, Pratedmess, as the maximum measured power from the data
collected in paragraph (d)(2) of this section where the COV determined in paragraph (g) of this
section is less than 0.52 percent%.
(1) Determine rated power, Prated, as follows:

(1) For nonhybrid powertrains Prated €quals Pratedmeas.
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(2) For hybrid powertrains, Prated 1S the lower of Pratedmeas and the following values:
(1) 260 kW for Spark-ignition HDE and Light HDE.
(i1) 340 kW for Medium HDE.
(111) 450 kW for Heavy HDE.
(#)) Determine continuous rated power, Pcontrated, as follows:
(1) For nonhybrid powertrains, Pcontrated €quals Prated.
(2) For hybrid powertrains, Pcontrated 1S the smaller of the following values:
(1) Tthe maximum measured power from the data collected in paragraph (d)(34) of this
section where the COV determined in paragraph (g) of this section is less than 0.52
percent%.
(11) Prated from paragraph (i) of this section.
(7k) Determine vehicle C speed, vrec, as follows:
(1) If the maximum Psys() in the highest gear during the maneuver in paragraph (d)(34) of
this section is greater than 0.98- Pcontrated, Vrefc 1S the average of the minimum and maximum
vehicle speeds where Psys(?) is equal to 0.98: Peontrated during the maneuver in paragraph
(d)(34) where the transmission is in the highest gear, using linear interpolation, as
appropriate. If Psys(7) at the lowest vehicle speed where the transmission is in the highest gear
is greater than 0.98- Pcontrated, Use the lowest vehicle speed where the transmission is in the
highest gear as the minimum vehicle speed input for calculating vrefc.
(2) Otherwise, vietc is the maximum vehicle speed during the maneuver in paragraph (d)(34)
of this section where the transmission is in the highest gear.
(3) You may use a declared vrerc instead of measured vrefc if the declared vierc is within (97.5
to 102.5) % of the corresponding measured value.
(4) Manufacturers may request approval to use an alternative vehicle C speed in place of the
measured vehicle C speed determined in this paragraph (jk) for series hybrid applications.
Approval will be contingent upon justification that the measured vehicle C speed is not
representative of the expected real-world cruise speed.
(k) If Pcontrated as determined in paragraph (1)) of this section is within 3 percent% of the
manufacturer-declared valueforPeonsated, Use the manufacturer-declared value. In addition, for
nonhybrid powertrains set Prated to declared Peontrated. Otherwise, repeat the procedure in
paragraphs (b) through (jk) of this section and use Peontrated from paragraph (ij) instead of the
manufacturer-declared value.

37. Amend § 1036.525 by revising paragraph (b)(3) to read as follows:

§ 1036.525 Clean Idle test.

% % % % %

(b) * * *
(3) Start sampling emissions 10 minutes after reaching the speed and torque setpoints and
continue emission sampling and engine operation at those setpoints. Stop emission sampling
after 18200 seconds to complete the test interval.

* * * * *
38. Revise and republish § 1036.530 to read as follows:
§ 1036.530 Test procedures for off-cycle testing.

(a) General. This section describes the measurement and calculation procedures to perform field
testing and determine whether tested engines and engine families meet emission standards under
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subpart E of this part. Calculate mass emission rates as specified in 40 CFR part 1065, subpart G.
Use good engineering judgment to adapt these procedures for simulating vehicle operation in the
laboratory.
(b) Vehicle preparation and measurement procedures. (1) Set up the vehicle for testing with a
portable emissions measurement system (PEMS) as specified in 40 CFR part 1065, subpart J.
(2) Begin emission sampling and data collection as described in 40 CFR 1065.935(¢)(3)
before starting the engine at the beginning of the shift-day. Start the engine only after
confirming that engine coolant temperature is at or below 40 °C.
(3) Measure emissions over one or more shift-days as specified in subpart E of this part.
(4) For engines subject to compression-ignition standards, record 1 Hz measurements of
ambient temperature near the vehicle.
(¢) Drift verification. Perform drift verification as described in 40 CFR 1065.935(g)(5)(ii) and
(ii1). For drift verification of CO and HC, determine a corrected value of the off-cycle emission
quantity for bin 2 from Eq. 1036.530-3 for each interval between analyzer verifications.
Compare that corrected value to the uncorrected value or to the bin 2 emission standard in
§ 1036.104(a)(3), whichever is greater, to determine whether drift is within the specified
percentage limit.
(d) Test Intervals. Determine the test intervals as follows:
(1) Spark-ignition. Create a single test interval that covers the entire shift-day for engines
subject to spark-ignition standards. The test interval starts with the first pair of consecutive
data points with no exclusions as described in paragraph (ed)(3) of this section after the start
of the shift-day and ends with the last pair of consecutive data points with no exclusions
before the end of the shift day.
(2) Compression-ignition. Create a series of 300 second test intervals for engines subject to
compression-ignition standards (moving-average test intervalswindews) as follows:
(1) Begin and end each test interval with a pair of consecutive data points with no
exclusions as described in paragraph (ed)(3) of this section. Select the last data point of
each test interval such that the test interval includes 300 seconds of data with no
exclusions, as described in paragraph (de) of this section. The test interval may be a
fraction of a second more or less than 300 seconds to account for the precision of the time
stamp in recording 1 Hz data. A test interval may include up to 599 seconds of data with
continuous exclusions; invalidate any test interval that includes at least 600 seconds of
continuous sampling with excluded data.
(i1) The first 300 second test interval starts with the first pair of consecutive data points
with no exclusions. Determine the start of each subsequent 300 second test interval by
finding the first pair of consecutive data points with no exclusions after the initial data
point of the previous test interval.
(111) The last 300 second test interval ends with the last pair of consecutive data points
with no exclusions before the end of the shift day.
(3) Excluded data. Exclude data from test intervals for any period meeting one or more of the
following conditions:
(1) An analyzer or flow meter is performing zero and span drift checks or zero and span
calibrations, including any time needed for the analyzer to stabilize afterward, consistent
with good engineering judgment.
(i1) The engine is off, except as specified in § 1036.415(g) and (h).
(111) The engine is performing an infrequent regeneration. Do not exclude data related to
any other AECDs, except as specified in paragraph (ed)(3)(vi) of this section.
(iv) The recorded ambient air temperature is below 5 °C or above the temperature
calculated using the following equation.
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Tinax =—0.0014-h + 37.78
Eq. 1036.530-1

Where:
h =recorded elevation of the vehicle in feet above sea level (h is negative for
elevations below sea level).

Example:

h=2679 ft

Tiax =—0.0014-2679 + 37.78
Tmax = 34.0 °C

(v) The vehicle is operating at an elevation more than 5,500 feet above sea level.
(vi) An engine has one or more active AECDs for emergency vehicles under
§ 1036.115(h)(4).
(vii) A single data point does not meet any of the conditions specified in paragraphs
(ed)(3)(1) through (vi) of this section, but it is preceded and followed by data points that
both meet one or more of the specified exclusion conditions.
(viii) Gas analyzer range validation failure according to 40 CFR 1065.935(g)(5)(1).
(ix) Any data not meeting the drift requirements in paragraph (c) of this section.
(de) Assembling test intervals. A test interval may include multiple subintervals separated by
periods with one or more exclusions under paragraph (ed)(3) of this section.
(1) Treat these test subintervals as continuous for calculating duration of the test interval for
engines subject to compression-ignition standards.
(2) Calculate emission mass during each test subinterval and sum those subinterval emission
masses to determine the emission mass over the test interval. Calculate emission mass as
described in 40 CFR 1065.650(c)(2)(i), with the following exceptions and clarifications:
(1) Correct NOx emissions for humidity as specified in 40 CFR 1065.670. Calculate
corrections relative to ambient air humidity as measured by PEMS.
(11) Disregard the provision in 40 CFR 1065.650(g) for setting negative emission mass to
zero for test intervals and subintervals.
(111) Calculation of emission mass in 40 CFR 1065.650 assumes a constant time interval,
At. If it is not appropriate to assume At is constant for testing under this section, use good
engineering judgment to record time at each data point and adjust the mass calculation
from Eq. 1065.650-4 by treating Af as a variable.
(ef) Normalized CO: emission mass over a 300 second test interval. For engines subject to
compression-ignition standards, determine the normalized CO; emission mass over each 300
second test interval, mco2,norm,testinterval, t0 the nearest 0.01 % using the following equation:
M(co2 testinterval

Mco2,norm,testinterval =

Eq. 1036.530-2

€co2FTPFCL * Pmax * ttestinterval

Where:

Mmco2 testinterval = total CO2 emission mass over the test interval.

ecozrrprcL = the engine’s FCL for CO; over the FTP duty cycle or, for plug-in hybrid
powertrains, the charge-sustaining CO; emissions over the FTP duty cycle. If the engine
family includes no FTP testing, use the engine’s FCL for CO; over the SET duty cycle.
Prax = the highest value of rated power for all the configurations included in the engine
family.
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testinterval = duration of the test interval. Note that the nominal value is 300 seconds.

Example:

MCO2,testinterval — 3948 g
ecozrtprcL = 428.2 g/hp-hr
Prax = 406.5 hp

ttestinterval = 300.01 S = 008 hI‘
3948

Mco2norm,testinterval = 428.2 - 406.5 - 0.08
MCO2,norm,testinterval = 0.2722=27.22%

(f2) Binning 300 second test intervals. For engines subject to compression-ignition standards,
identify the appropriate bin for each of the 300 second test intervals based on its normalized CO>
€mission mass, #Mco2 normestinterval, as follows:

TABLE 1 TO PARAGRAPH (fg) OF § 1036.530—CRITERIA FOR OFF-CYCLE BINS

Normalized CO; emission
Bin mass over the 300 second test
interval
Bin 1 MCO2,norm, testinterval = 6.00 %.
Bin 2 MCO2,norm, testinterval 6.00 %.

(gh) Off-cycle emissions quantities. Determine the off-cycle emissions quantities as follows:
(1) Spark-ignition. For engines subject to spark-ignition standards, the off-cycle emission
quantity, efemission],offeycle, 18 the value for CO;-specific emission mass for a given pollutant
over the test interval representing the shift-day converted to a brake-specific value, as

calculated for each measured pollutant using the following equation:
M[emission]

€[emissions],offcycle =

Eq. 1036.530-3

* €CO2,FTP,FCL
Mco2

Where:

Miemission] = total emission mass for a given pollutant over the test interval as determined
in paragraph (de)(2) of this section.

mcoz = total drift-corrected CO> emission mass over the test interval as determined in
paragraph (de)(2) of this section.

ecoz,rp,FcL = the engine’s FCL for CO» over the FTP duty cycle.

Example:
mnox = 1.337 g
mco2= 18778 g

ecoz,rrp,rcL = 505.1 g/hp-hr

1.337

€NOx,offcycle = m -505.1

eNox.offeycle = 0.035 g/hp-hr = 35 mg/hp-hr

(2) Compression-ignition. For engines subject to compression-ignition standards, determine
the off-cycle emission quantity for each bin. When calculating mean bin emissions from ten
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engines to apply the pass criteria for engine families in § 1036.425(¢c), set any negative off-
cycle emissions quantity to zero before calculating mean bin emissions.
(1) Off-cycle emissions quantity for bin 1. The off-cycle emission quantity for bin 1,
MNox offcycle,bin1s 18 the mean NOx mass emission rate from all test intervals associated
with bin 1 as calculated using the following equation:

YN m | .
- __ 4i=1""*NOx,testinterval,i
MnNox,offcycle,binl = ZN

=1 ttestinterval,i
Eq. 1036.530-4

Where:

i = an indexing variable that represents one 300 second test interval.

N = total number of 300 second test intervals in bin 1.

MNOxtestintervali = total NOx emission mass over the test interval 7 in bin 1 as
determined in paragraph (de)(2) of this section.

trestinterval; — total time of test interval i in bin 1 as determined in paragraph (de)(1)
of this section. Note that the nominal value is 300 seconds.

Example:

N=10114

MNOXx,testinterval,] = 0.021 g

MINOX,testinterval,2 — 0.025 g

MNOx,testinterval,3 = 0.031 g

ltestinterval,] — 299.99 s

ltestinterval,2 — 299.98 s

liestinterval, 3 = 300.04 s

(0'021 +0.025 + 0.031... +mNOx,testinterval,10114)

(299.99 + 299.98 + 300.04... +tiestinterval,10114)
TﬁNOX'Offcycle'binl =0.000285 g/s = 1.026 g/hr

MnNox,offcycle,binl =

(1) Off-cycle emissions quantity for bin 2. The off-cycle emission quantity for bin 2,
€[emission]offeycle,bin2, 1S the value for COz-specific emission mass for a given pollutant of all
the 300 second test intervals in bin 2 combined and converted to a brake-specific value,

as calculated for each measured pollutant using the following equation:

N
i=1 M[emission] testinterval,i

€[emissions],offcycle,bin2 = * €Cc02,FTP,FCL

Eq. 1036.530-5

N
Zi=1 Mco2,testinterval,i

Where:

i = an indexing variable that represents one 300 second test interval.

N = total number of 300 second test intervals in bin 2.

M{emission] testinterval,i = total emission mass for a given pollutant over the test interval i in
bin 2 as determined in paragraph (de)(2) of this section.

Mco2 testinterval,; = total CO2 emission mass over the test interval i in bin 2 as determined
in paragraph (de)(2) of this section.

eco2,rrp,rcL = the engine’s FCL for CO; over the FTP duty cycle.

Example:
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N=15439
mnox1 = 0.546 g
mnox2 = 0.549 g
mnox3 = 0.556 g
mcoz,1 = 10950.2 g
mco22 = 109613 g
mco23 = 10965.3 g
ecoz,rrp,rcL = 428.1 g/hp-hr
(0'546 +0.549 + 0.556... +mNOx,testinterval,15439)

(10950.2 + 10961.3 + 10965.3. .. +M 0 testinterval 15439 )
eNox,offeycle,binz = 0.026 g/hp-hr =26 mg/hp-hr

-428.1

€NOx,offcycle,bin2 =

(ki) Shift-day ambient temperature. For engines subject to compression-ignition standards,
determine the mean shift-day ambient temperature, T,p,, considering only temperature readings
corresponding to data with no exclusions under paragraph (ed)(3) of this section.

(1) Graphical illustration. Figure 1 of this section illustrates a test interval with interruptions of
one or more data points excluded under paragraph (ed)(3) of this section. The x-axis is time and
the y-axis is the mass emission rate at each data point, m(t). The data points coincident with any
exclusion are illustrated with open circles. The shaded area corresponding to each group of
closed circles represents the total emission mass over that test subinterval. Note that negative
values of m(t) are retained and not set to zero in the numerical integration calculation. The first
group of data points without any exclusions is referred to as the first test subinterval and so on.
FIGURE 1 TO PARAGRAPH (4]) OF § 1036.530—ILLUSTRATION OF INTEGRATION OF MASS OF
EMISSIONS OVER A TEST INTERVAL WITH EXCLUDE DATA POINTS

second group of data . . last group of data
. . data points with . X
points without any . points without any
. exclusion(s) .
exclusions exclusions

first group of data
points without any
exclusions

data points with
exclusion(s)

time
(3k) Fuel other than carbon-containing. The following procedures apply for testing engines using
at least one fuel that is not a carbon-containing fuel:
(1) Use the following equation to determine the normalized equivalent CO; emission mass over
each 300 second test interval instead of Eq. 1036.530-2:
Wtestinterval

Mco2,norm,equiv,testinterval = P

max * Ltestinterval
Eq. 1036.530-6

Where:
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Wiestinterval = total positive work over the test interval from both the engine and hybrid
components, if applicable, as described in § 1036.510(g)determined-in40-CER1065-650.
Puax = the highest value of rated power for all the configurations included in the engine
family.

testinterval = duration of the test interval. Note that the nominal value is 300 seconds.

Example:
VVtestinterval =8.95 hphr
Prax = 406.5 hp

ttestinterval = 300.01 s =0.08 hr
8.95
Mco2,norm,testinterval — m

MCO2 norm,testinterval = 0.2722
MCO2,norm,testinterval — 27.22 %

(2) Determine off-cycle emissions quantities as follows:
(1) For engines subject to spark-ignition standards, use the following equation to determine
the off-cycle emission quantity instead of Eq. 1036.530-3:

_ M[emission]
€[emissions],offcycle =

Eq. 1036.530-7

Wtestinterval

Where:

Miemission] = total emission mass for a given pollutant over the test interval as determined
in paragraph (de)(2) of this section.

Wiestinterval = total positive work over the test interval as determined in 40 CFR 1065.650.

Example:
mnox = 1.337 g
Wiestinterval = 38.2 hphr

1.337
eNOx,offcycle = 38—2

eNox.offeycle = 0.035 g/hp-hr = 35 mg/hp-hr

(i1) For engines subject to compression-ignition standards, use Eq. 1036.530-4 to determine
the off-cycle emission quantity for bin 1.

(ii1) For engines subject to compression-ignition standards, use the following equation to
determine the off-cycle emission quantity for bin 2 instead of Eq. 1036.530-5:

YN e . .
i=1 ""‘[emission],testinterval,i

€[emissions],offcycle,bin2 =

Eq. 1036.530-8

N
Zi=1 Wtestinterval,i

Where:

i = an indexing variable that represents one 300 second test interval.

N = total number of 300 second test intervals in bin 2.

Memission],testinterval,; = total emission mass for a given pollutant over the test interval i in bin
2 as determined in paragraph (de)(2) of this section.
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Wiestinterval,i = total positive work over the test interval 7 in bin 2 as determined in 40 CFR
1065.650.

Example:
N=15439
mnox1 = 0.546 g
mnox2 = 0.549 g
mnox3 = 0.556 g
Wiestintervall = 8.91 hphr
Wiestintervalz = 8.94 hphl‘
Wiestintervals = 8.89 hphr
(0.546 + 0.549 + 0.556... +Myox testinterval 15439)

(8'91 +8.94 + 8.89... +V|/testinterval,15439)
eNOx,offeyclebin2 = 0.026 g/hp-hr = 26 mg/hp-hr

eNOx,offcycle,binZ =

39. Amend § 1036.545 by:

a. Revising paragraphs (a)(3)(i) and (i1) and (a)(6);

b. Redesignating paragraph (a)(11) as paragraph (a)(13);
c. Adding a new paragraph (a)(11);

d. Adding and reserving paragraph (a)(12);

e. Revising redesignated paragraph (a)(13); and

f. Revising paragraphs (f)(3), (j)(4), G)(5), (j)(6), and (m).
The revisions and addition read as follows:

§ 1036.545 Powertrain testing.

% % % % %

() * * *

3)* * *

(1) Create driveline and vehicle models that calculate the angular speed setpoint for the
test cell dynamometer, furef,dyno, based on the torque measurement location. Use the
detailed equations in paragraph (f) of this section, the GEM HIL model’s driveline and
vehicle submodels, or a combination of the equations and the submodels. You may use
the GEM HIL model’s transmission submodel in paragraph (f) to simulate a transmission
only if testing hybrid engines. H+theFor hybrid engines-s intended for vehicles with
automatic transmissions, update the driver_in_gear signal within the driver interface
block in the GEM HIL model withuse-the-eyele-econfigurationfile-in-GEM-to-change the
transmission state (in-gear or idle) as a function of time as defined by the duty cycles in
this part.
(1) Create a driver model or use the GEM HIL model’s driver submodel to simulate a
human driver modulating the threttle-and-brakepedalsvehicle speed to follow the test
cycle as closely as possible. Alternatively, a human driver may modulate the vehicle

speed to follow the test cycle as closely as possible.
* * * * *

(6) The following provisions apply to account for energy coming from RESS:
(1) For hybrid powertrains with no plug-in capability, correct for the net energy change of
the energy storage device as described in 40 CFR 1066.501(a)(3).
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(i1) For plug-in hybrid eleetrie-powertrains, follow 40 CFR 1066.501(a)(3) to determine
End-of-Test for charge-depleting operation. You must get our approval in advance for
your utility factor curve; we will approve it if you can show that you created it, using
good engineering judgment, from sufficient in-use data of vehicles in the same
application as the vehicles in which the plug-in hybrid electric powertrain will be
installed. You may use methodologies described in SAE J2841 to develop the utility
factor curve.

(111) For all hybrid powertrains, apply the provisions of 40 CFR 1066.501(a)(3) for
charge-sustaining operation during tests to measure criteria pollutant emissions, except
that you must correct for net energy change as described in § 1036.510(g)(3) and the

tolerance for End-of-Test is + 5 %.
% %k %k %k %

(11) The test must include all the components of the certified configuration.
(12) [Reserved]
(13) The following figure provides an overview of testing under this section:
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FIGURE 1 TO PARAGRAPH (a)(134) OF § 1036.545—OVERVIEW OF POWERTRAIN TESTING
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1 Select powertrain according to
§ 1036.235 or 40 CFR 1037.235.

8 For engines that will be
installed in vocational vehicles, test
the powertrain over the drive idle
and parked idle cycles.

9 Validate measured output speed
as described in paragrpah (m) of
this section.

v

!

1 v

2 Setup engine according to 40
CFR 1065.110 and 40 CFR
1065.405(b), Idle Speed According
to 40 CFR 1037.520(h)(1).

7 Test powertrain over transient,
highway cruise, drive idle, and
parked idle cycles for each
applicable vehicle configuration
from paragraph (h) of this section.
Determine cycle-average fuel maps
using § 1036.540(d).

10 Determine mass of fuel
consumed at idle as described in
paragraph (n) of this section.

'

1 '

3 Break in powertrain according
to 40 CFR 1065.405; or separately
engine 40 CFR 1065.405, axle
assembly 40 CFR 1037.560, and
transmission 40 CFR 1037.565.

6 Configure driveline and vehicle
models from paragraph (f) of this
section to test the powertrain as
described in paragraph (h) of this
section.

11 Determine GEM inputs from
powertrain test results for different
vehicle configurations as described
in paragraph (o) of this section.

v

i v

4 Calculate dynamometer speed

setpoint as described in paragraph
(Dofthis section

™in paragraph (g) of this section.

5 Tune driver model as described E
nd

Duty Cycle Exceptions

Note

SET, FTP, LLC

1) Do not compensate the duty cycle for the distance driven in step 5.

2) Disregard duty cycles in step 7.

3) For cycles that begin with idle, leave the transmission in neutral or park for the full initial idle segment.
Place the transmission into drive no earlier than 5 seconds before the first nonzero vehicle speed setpoint.

4) Use the vehicle parameters in § 1036.505(b)(2)(i) to (viii) to define the vehicle model in § 1036.545(a)(3).

SET Specific

1) For SET testing only, place the transmission into park or neutral when the cycle reaches the final idle
segment.
2) Select the transmission from Table 1 of § 1036.540.

FTP Specific

1) Replace P oprareq With P yieq, Which is the peak rated power determined in § 1036.520.

2) Keep the transmission in drive for all idle segments after the initial idle segment.

3) For hybrid engines, select the transmission from Table 1 of § 1036.540.

4) For hybrid engines, you may request to change the engine-commanded torque at idle to better represent
curb idle transmission torque (CITT).

LLC Specific

1) Replace P qopirateq With P e, Which is the peak rated power determined in § 1036.520.

2) Keep the transmission in drive for all idle segments 200 seconds or less. For idle segments more than 200
seconds, place the transmission in park or neutral at the start of the idle segment and place the transmission
into drive again no earlier than 5 seconds before the first nonzero vehicle speed setpoint.

3) For hybrid engines, you may request to change the engine-commanded torque at idle to better represent
curb idle transmission torque (CITT).

4) For plug-in hybrid engines and powertrains, determine criteria pollutant and greenhouse gas emissions as
described in § 1036.510(d) and (e), replacing “SET” with “LLC”.
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1 Select powertrain according to
§ 1036.235 or 40 CFR 1037.235.

8 For engines that will be
installed in vocational vehicles, test
the powertrain over the drive idle
and parked idle cycles.

9 Validate measured output speed
as described in paragraph (m) of
this section.

A4

v

1 v

2 Setup engine according to 40
CFR 1065.110 and 40 CFR
1065.405(b), Idle Speed According
to 40 CFR 1037.520(h)(1).

7 Test powertrain over transient
and highway cruise cycles for each
applicable vehicle configuration
from paragraph (h) of this section.
Determine cycle-average fuel maps
using § 1036.540(d).

10 Determine mass of fuel
consumed at idle as described in
paragraph (n) of this section.

v

1 v

3 Break in powertrain according
to 40 CFR 1065.405; or separately
engine 40 CFR 1065.405, axle
assembly 40 CFR 1037.560, and
transmission 40 CFR 1037.565.

6 Configure driveline and vehicle
models from paragraph (f) of this
section to test the powertrain as
described in paragraph (h) of this
section.

11 Determine GEM inputs from
powertrain test results for different
vehicle configurations as described
in paragraph (o) of this section.

!

1 v

4 Calculate dynamometer speed
setpoint as described in paragraph
(f) of this section.

Min paragraph (g) of this section.

5 Tune driver model as described

Duty Cycle Exceptions

Note

SET, FTP, LLC

1) Do not compensate the duty cycle for the distance driven in step 5.

2) Disregard duty cycles in step 7 and 8 and disregard steps 10 and 11 in their entirety.

3) For cycles that begin with idle, leave the transmission in neutral or park for the full initial idle segment.
Place the transmission into drive no earlier than 5 seconds before the first nonzero vehicle speed setpoint.

4) Use the vehicle parameters in § 1036.505(b)(2)(i) to (viii) to define the vehicle model in § 1036.545(a)(3).

SET Specific

1) For SET testing only, place the transmission into park or neutral when the cycle reaches the final idle
segment.
2) Select the transmission from Table 1 of § 1036.540.

FTP Specific

1) Replace P ¢oprareq With P o4, Which is the peak rated power determined in § 1036.520.

2) Keep the transmission in drive for all idle segments after the initial idle segment.

3) For hybrid engines, select the transmission from Table 1 of § 1036.540.

4) For hybrid engines, you may request to change the engine-commanded torque at idle to better represent
curb idle transmission torque (CITT).

LLC Specific

1) Replace P oprarea With P g, Which is the peak rated power determined in § 1036.520.

2) Keep the transmission in drive for all idle segments 200 seconds or less. For idle segments more than 200
seconds, place the transmission in park or neutral at the start of the idle segment and place the transmission
into drive again no earlier than 5 seconds before the first nonzero vehicle speed setpoint.

3) For hybrid engines, you may request to change the engine-commanded torque at idle to better represent
curb idle transmission torque (CITT).

4) For plug-in hybrid engines and powertrains, determine criteria pollutant and greenhouse gas emissions as
described in § 1036.510(d) and (e), replacing “SET” with “LLC”.

* * *

(f) % % %
(3) Vehicle model. Calculate the simulated vehicle reference speed, vrefi, using the GEM HIL

model’s vehicle submodel or the equations in this paragraph (f)(3):
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ka Ti—l E
r : ( fﬁixle) -

(M -g - C, - cos(atan(G;,)) +
Aty
M + Mrotating
Eq. 1036.545-3

VUrefi = p- Cd A

2
2 ' vref,i—l) - Fbrake,i—l - Fgrade,i—l

+ vref,i—l

Where:

i = a time-based counter corresponding to each measurement during the sampling period.
Let vrer1 = 0; start calculations at i = 2. A 10-minute sampling period will generally
involve 60,000 measurements.

T = instantaneous measured torque at the axle input, measured at the wheel hubs, or
simulated by the GEM HIL model’s transmission submodel. For configurations with
multiple torque measurements, such as when measuring torque at the wheel hubs, 7 is the
sum of all torque measurements.

Effaxie = axle efficiency. Use Effaxie = 0.955 for 7> 0, and use Effaxie = 1/0.955 for T < 0.
Use Effaxie = 1.0 if torque is measured at the wheel hubs.

M = vehicle mass for a vehicle class as determined in paragraph (h) of this section.

g = gravitational constant = 9.80665 m/s>.

Ci: = coefficient of rolling resistance for a vehicle class as determined in paragraph (h) of
this section.

Gi.1 = the percent grade interpolated at distance; D;.i; from the duty-eyelegrade profile in
40 CFR part 1037, appendix D;-eorresponding-to-measurement(—1H. Di.1 is the
cumulative distance driven over the test cycle at time = (i-1). Use the following equation

to calculate D;. starting at i = 2:
N

DT%(*’W:} ,
Diy =Dy + (Veegi1 - Atiy)
Eq. 1036.545-4

p = air density at reference conditions. Use p=1.1845 kg/m’>.

CaA = drag area for a vehicle class as determined in paragraph (h) of this section.
Forakei-1 = instantaneous braking force applied by the driver model.

Fgrade,i-l =M-g- Sin(atan(Gi-l))

Eq. 1036.545-5

At = the time interval between measurements. For example, at 100 Hz, 4= 0.0100
seconds.

Miotating = 1nertial mass of rotating components. Let Mrotating = 340 kg for vocational Light
HDV or vocational Medium HDV. See paragraph (h) of this section for tractors and for

vocational Heavy HDV.
% % % % %

(4) For plug-in hybrid erginespowertrains, precondition the battery and then complete all
back-to-back tests for each vehicle configuration according to 40 CFR 1066.501(a)(3) before
moving to the next vehicle configuration. Set the dynamometer target torque to zero when
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ramping to the target speed at 1 mi/hr/s. The following figure illustrates a charge-depleting
test sequence with engine operation during two duty cycles, which are used for criteria
pollutant determination:

FIGURE 2 TO PARAGRAPH (j)(4) OF § 1036.545— GENERIC CHARGE-DEPLETING TEST
SEQUENCE
Charge-Sustaining

h -Depleting Dut |
Charge-Depleting Duty Cycles Duty Cycles

3
95}
@ Epd—(?f-test
criterion met
Duty Cycle 1 Duty Cycle2  Duty Cycle3  Duty Cycle 4 Duty Cycle5  Duty Cycle 6
. Charge-Sustaining
Charge-Depleting Duty Cycles
g P g vy Duty Cycles
g
U 7]
_e 2
=)
7 &
4 PR E.nd—.of—test
criterion met

Duty Cycle 1 Duty Cycle2  Duty Cycle3  Duty Cycle 4 Duty Cycle 5 Duty Cycle 6

(5) For non-plug-in hybrid powertrains and plug-in hybrid powertrains tested as described in
paragraph (j)(4) of this section, i}f the preceding duty cycle does not end at 0 mi/hr, transition
between duty cycles by decelerating at a rate of 2 mi/hr/s at 0 % grade until the vehicle
reaches zero speed. Shut off the powertrain. Prepare the powertrain and test cell for the next
duty -cycle. For all other plug-in hybrid powertrain testing, transition directly to the next duty
cycle without altering vehicle speed.
(6) For non-plug-in hybrid, conventional powertrains, and plug-in hybrid powertrains tested
as described in paragraph (j)(4) of this section, sStart the next duty- cycle within 60 to 180
seconds after shutting off the powertrain.
(1) To start the next duty- cycle, for hybrid powertrains, key on the vehicle and then start
the duty- cycle. For conventional powertrains key on the vehicle, start the engine, wait
for the engine to stabilize at idle speed, and then start the duty- cycle.
(i1) If the duty- cycle does not start at 0 mi/hr, transition to the next duty cycle by
accelerating at a target rate of 1 mi/hr/s at 0 % grade. Stabilize for 10 seconds at the
initial duty cycle conditions and start the duty- cycle.
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% % % % %

(m) Measured output speed validation. For each test point, validate the measured output speed
with the corresponding reference values. If speed is measured at more than one location, the
measurements at each location must meet validation requirements. If the range of reference
speed is less than 10 percent of the mean reference speed, you need to meet only the standard
error of the estimate in table 4 to this paragraph (m). You may delete points when the vehicle is
stopped or when a hybrid engine is at idle. If your speed measurement is not at the location of
furef, correct your measured speed using the constant speed ratio between the two locations. You
may apply the time-alignment provisions in 40 CFR 1065.514(¢) for up to 0.5 seconds to the
reference and measured output speed values. Apply cycle-validation criteria for each separate
transient or highway cruise cycle based on the following parameters:

TABLE 4 TO PARAGRAPH (m) OF § 1036.545— CYCLE-VALIDATION CRITERIA

Parameter® Speed control
Slope, ai 0.990 < a; <1.010.

Absolute value of intercept, |ao| < 2.0 % of maximum fyrer speed.
Standard error of the estimate, SEE < 2.0 % of maximum fyrer speed.
Coefficient of determination, 7> >0.990.

aDetermine values for specified parameters as described in 40 CFR 1065.514(e) by

comparing measured and reference values for furef.dyno-
* % ok ok ok

40. Amend § 1036.555 by revising paragraph (a) to read as follows:

§ 1036.555 Test procedures to verify deterioration factors.

* * * * *

(a) Use PEMS to collect 1 Hz data throughout a shift-day of driving. Collect all the data elements
needed to determine brake-specific emissions. Calculate emission results using moving average
test intervals windews-as described in § 1036.530.

* * * * *

41. Add § 1036.560 to subpart F to read as follows:

§ 1036.560 DEF thawing procedure.
Use the following procedure to demonstrate that engines protect against DEF freezing as
specified in § 1036.115(1)(3):
(a) Select a complete or partial vehicle for testing to represent in-use operation in cold weather.
(b) Start with a full DEF tank that is stabilized to a temperature at or below —5 °C.
(c) Soak the vehicle at temperatures at or below —17 °C for 72 hours or until the DEF is frozen
solid.
(d) Operate the engine at temperatures at or below —17 °C as follows:
(1) Start the engine and let it idle with no engine load for 20 minutes.
(2) Operate the engine for up to 50 minutes at maximum test speed and up to 40 percent of
the maximum torque available at maximum test speed.
(e) Determine the time from engine starting to the point at which the engine is able to
consistently inject DEF into the exhaust for achieving proper catalyst performance.

42. Amend § 1036.580 by revising paragraph (b) to read as follows:
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§ 1036.580 Infrequently regenerating aftertreatment devices.

* ok %k ok %

(b) You may ask us to approve an alternativealternate- methodology to account for regeneration
events. We will generally limit approval to cases where your engines use aftertreatment
technology with extremely infrequent regeneration and you are unable to apply the provisions of

this section.
£ 3 £ 3 * * %k

43. Amend § 1036.601 by revising paragraphs (a) introductory text, (a)(3), and (b)(3) to
read as follows:

§ 1036.601 Overview of compliance provisions.

(a) Engine and vehicle manufacturers, as well as owners, operators, and rebuilders of engines
subject to the requirements of this part, and all other persons, must observe the provisions of this
part, the-provistons-o0f£40 CFR part 1068, and the-provistons-ofthe Clean Air Act. The provisions
of 40 CFR part 1068 apply for heavy-duty highway engines as specified in that part, subject to

the following provisions:
* * * * *

(3) The warranty-related prohibitions in section 203(a)(4) of the Clean Air Act (42 U.S.C.
7522(a)(4)) apply to manufacturers of new heavy-duty highway engines in addition to the
prohibitions described in 40 CFR 1068.101(b)(6). We may assess a civil penalty up to

$44,539 for each engine or vehicle in violation. Penalties apply as described in 40 CFR

1068.101 . Fhe-etv onetary-penalty-ameour d 0 0
iertton-adustnen PO make—The-ed d
il ] | Lin§19.4.
(b)* * *

(3) Provisions related to nonconformance penalties apply as described in 40 CFR part
1071865subpartk. Note that nonconformance penalty provisions are not available for current
or future emission standards unless we revise the regulation to specify how to apply those

provisions.
% % % % %

44. Amend § 1036.605 by revising the section heading, introductory text, and paragraphs
(c) and (d) to read as follows:

§ 1036.605 Alternative Alternate-emission standards for engines used in specialty vehicles.
Starting in model year 2027, compression-ignition engines at or above 56 kW and spark-ignition
engines of any size that will be installed in specialty vehicles as allowed by 40 CFR 1037.605 are
exempt from the standards of subpart B of this part if they are certified under this part to
alternate-alternative emission standards as follows:

% % % % %

(c) Except as specified in this section, engines certified under this section must meet all the
requirements that apply under 40 CFR part 1039 or 1048 instead of the comparable provisions in
this part. Before shipping engines under this section, you must have written assurance from
vehicle manufacturers that they need a certain number of exempted engines under this section. In
your annual production report under 40 CFR 1039.250 or 1048.250, count these engines
separately and identify the vehicle manufacturers that will be installing them. Treat these engines
as part of the corresponding engine family under 40 CFR part 1039 or part-1048 for compliance
purposes such as testing production engines, in-use testing, defect reporting, and recall.
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(d) The engines must be labeled as described in § 1036.135, with the following statement instead
of the one specified in § 1036.135(c)(8): “This engine conforms to alternative alternate-standards
for specialty vehicles under 40 CFR 1036.605.” Engines certified under this section may not
have the label specified for nonroad engines in 40 CFR part 1039 or 1048 or any other label

identifying them as nonroad engines.
* * * * *

45. Amend § 1036.615 by revising paragraph (b) to read as follows:

§ 1036.615 Engines with Rankine cycle waste heat recovery and hybrid powertrains.
% % % % %
(b) Rankine engines. Test engines that include Rankine-cycle exhaust energy recovery systems
according to the procedures specified in subpart F of this part unless we approve alternative
alternate-procedures.

% %

% % %

46. Amend § 1036.701 by revising paragraph (k) to read as follows:

§ 1036.701 General provisions.

* * * * *

(k) Engine families you certify with a nonconformance penalty under 40 CFR part 86;subpart
E1071, may not generate emission credits.

47. Amend § 1036.705 by revising paragraph (b) to read as follows:

§ 1036.705 Generating and calculating emission credits.

* * * * *

(b) For each participating family, calculate positive or negative emission credits relative to the
otherwise applicable emission standard. Calculate positive emission credits for a family that has
an FEL below the standard. Calculate negative emission credits for a family that has an FEL
above the standard. Sum your positive and negative credits for the model year before rounding.
Calculate emission credits to the nearest megagram (Mg) for each family using the following
equation:

Emission credits (Mg) = (Std — FL) - CF - Volume - UL - ¢

Eq. 1036.705-1

Where:

Std = the emission standard, in (mg NOx)/hp-hr that applies under subpart B of this part for
engines not participating in the ABT program of this subpart (the “otherwise applicable
standard”).

FL = the engine family’s FEL for NOx, in mg/hp-hr rounded to the same number of decimal
places as the emission standard.

CF = a transient cycle conversion factor (hp-hr/mile), calculated by dividing the total (integrated)
horsepower-hour over the applicable duty cycle by 6.3 miles for engines subject to spark-ignition
standards and 6.5 miles for engines subject to compression-ignition standards. This represents
the average work performed over the duty cycle.
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Volume = the number of engines eligible to participate in the averaging, banking, and trading
program within the given engine family or subfamily during the model year, as described in
paragraph (c) of this section.

UL = the useful life for the standard that applies for a given primary intended service class, in
miles.

c=10" for NOx.

Example for model year 203028 Heavy HDE generating NOx credits:
Std =35 mg/hp-hr

FL =20 mg/hp-hr

CF =9.78 hp-hr/mile

Volume = 15,342

UL = 650,000 miles

c=10"

Emission credits = (35 —20) - 9.78 - 15,342 - 650,000 - 10
Emission credits = 1,463 Mg

% % % % %

48. Amend § 1036.801 by:

a. Revising the introductory text;

b. Removing the definition of “Act”;

c. Adding definitions of "Certified configuration” and “Clean Air Act” in alphabetical order;

d. Revising the definitions of “Designated Compliance Officer”, “Hybrid”, “Manufacture”, and
”New motor vehicle engine”; and

e. Adding a definition of “Useful life” in alphabetical order.

The additions and revisions read as follows:

§ 1036.801 Definitions.

The following definitions apply to this part. The definitions apply to all subparts unless we note
otherwise. All undefined terms have the meaning the Clean Air Act gives to them. The
definitions follow:

Certified configuration means a specific engine configuration that is named in the application for
certification.

* * * * *

Clean Air Act means the Clean Air Act, as amended, 42 U.S.C. 7401 - 7671q.

% % % % %

Designated Compliance Officer means one of the following:
(1) For engines subject to compression-ignition standards, Designated Compliance Officer
means SupervisorBireeter, Diesel Engine Compliance Branch€enter, U.S. Environmental
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Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105;
complianceinfo@epa.gov; www.epa.gov/ve-certification.

(2) For engines subject to spark-ignition standards, Designated Compliance Officer means
SupervisorBireetor, Gasoline Engine Compliance Branch€enter, U.S. Environmental
Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105;
complianceinfo@epa.gov; www.epa.gov/ve-certification.

* ok %k ok %

Hybrid means relating to an engine or powertrain that includes a Rechargeable Energy Storage
System. Hybrid engines store and recover energy in a way that is integral to the engine or
otherwise upstream of the vehicle’s transmission. Examples of hybrid engines include engines
with hybrid components connected to the front end of the engine (P0), connected to the
crankshaft before the clutch (P1), or connected between the clutch and the transmission where
the clutch upstream of the hybrid feature is in addition to the transmission clutch or clutches
(P2). Engine-based systems that recover kinetic energy to power an electric heater in the
aftertreatment are themselves not sufficient to qualify as a hybrid engine. The provisions in this
part that apply for hybrid powertrains apply equally for hybrid engines, except as specified. Note
that certain provisions in this part treat hybrid powertrains intended for vehicles that include
regenerative braking different than those intended for vehicles that do not include regenerative
braking. The definition of hybrid includes plug-in hybrid eleetrie-powertrains.

* ok ok ok %k

Manufacture means the physical and engineering process of designing, constructing, and/es
assembling a heavy-duty engine or a heavy-duty vehicle.

* * * * *

New motor vehicle engine has the meaning given in the Clean Air Act. This generally means a
motor vehicle engine meeting any of the following:
(1) A motor vehicle engine for which the ultimate purchaser has never received the equitable
or legal title is a new motor vehicle engine. This kind of engine might commonly be thought
of as "brand new" although a new motor vehicle engine may include previously used parts.
Under this definition, the engine is new from the time it is produced until the ultimate
purchaser receives the title or places it into service, whichever comes first.
(2) An imported motor vehicle engine is a new motor vehicle engine if it was originally built
on or after January 1, 1970.
(3) Any motor vehicle engine installed in a new motor vehicle.

* * * * *

Useful life means the period during which a new engine is required to comply with all applicable
emission standards.

* * * * *

49. Amend § 1036.810 by revising introductory text and paragraphs (a) and (d)(4) to read
as follows:
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§ 1036.810 Incorporation by reference.
Certain material is incorporated by reference into this part with the approval of the Director of
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than
that specified in this section, EPA must publish a document in the Federal Register and the
material must be available to the public. All approved incorporation by reference (IBR) material
is available for inspection at EPA and at the National Archives and Records Administration
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WIC West Building,
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202)
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations-htm or email fr.inspection@nara.gov. The material may be obtained
from the following sources:
(a) ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA,
19428-2959; (877) 909-2786; www.astm.org.
(1) ASTM D975-24a2, Standard Specification for Diesel Fuel, approved August 1,
20240etober 12022 (“ASTM D975%); IBR approved for § 1036.415(c).
(2) ASTM D3588-98 (Reapproved 2017)el, Standard Practice for Calculating Heat Value,
Compressibility Factor, and Relative Density of Gaseous Fuels, approved April 1, 2017
“ASTM D35882); IBR approved for § 1036.550(b).
(3) ASTM D4809-2518, Standard Test Method for Heat of Combustion of Liquid
Hydrocarbon Fuels by Bomb Calorimeter (Precision Method), approved Faly=November 1,
202548 (“ASTM D4809%2); IBR approved for § 1036.550(b).
(4) ASTM D4814-25ate, Standard Specification for Automotive Spark-Ignition Engine Fuel,
approved December 15, 2025Deeember15;2021 (“ASTM D4814>); IBR approved for
§ 1036.415(c).
(5) ASTM D7467-236a, Standard Specification for Diesel Fuel Oil, Biodiesel Blend (B6 to
B20), approved Jane-October 1, 20238 (“ASTM D7467>); IBR approved for § 1036.415(c).
% % % % %
(4) 2019 13 CCR 1971.5, 13 CA ADC 1971.5: 2019 CA REG TEXT 504962 (NS), 13 CA
ADC 1971.5. Enforcement of Malfunction and Diagnostic System Requirements for 2010
and Subsequent Model-Year Heavy-Duty Engines, operative October 3, 2019 “13 CCR
1971.5”; into § 1036.110(b).

% % % % %

50. Amend appendix B of part 1036 by revising footnote a of Table 1 in paragraph (b) to
read as follows:

Appendix B of Part 1036—Transient Duty Cycles

% % % % %

TABLE 1 OF APPENDIX B—TRANSIENT TEST INTERVAL FOR SPARK-IGNITION ENGINES AND
POWERTRAINS UNDER § 1036.512

Engine testing Powertrain testing
Record Normalized Normalized Vehicle speed Road grade coefficients
(seconds) | revolutions per minute torque (mi/hr) a b c
(percent) (percent)

* * * * * * *

*Closed-threttle- motoringMinimum operator demand.
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51. Amend appendix B of part 1036 by revising footnote a of Table 2 in paragraph (c) to
read as follows:

(C) % % %

TABLE 2 OF APPENDIX B—TRANSIENT TEST INTERVAL FOR COMPRESSION-IGNITION ENGINES AND
POWERTRAINS UNDER § 1036.512

Engine testing Powertrain testing
Record Normalized Normalized . Road grade coefficients
. . Vehicle speed
(seconds) | revolutions per minute torque R
(mi/hr) a b c
(percent) (percent)
k% ok ok ok ok %

"Minimum operator demand€Clesed-throttle-motoring.

52. Amend appendix B of part 1036 by revising footnote a of Table 3 in paragraph (d) to
read as follows:

TABLE 3 OF APPENDIX B—TRANSIENT DUTY CYCLE FOR COMPRESSION-IGNITION ENGINES AND
POWERTRAINS UNDER § 1036.514

Engine testing Powertrain testing
Record Normalized Normalized . Road grade coefficients
. . Vehicle speed
(seconds) | revolutions per minute torque R
(mi/hr) a b c
(percent) (percent)
* * * * * * *

Minimum operator demandClesed-throttle-motoring
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APPENDIX 3

PART 1037— CONTROL OF EMISSIONS FROM NEW HEAVY-DUTY MOTOR
VEHICLES

53. The authority citation for part 1037 continues to read as follows:
Authority: 42 U.S.C. 7401 - 7671q.

54. Amend § 1037.135 by revising paragraph (e) to read as follows:
§ 1037.135 Labeling.

% % % % %

(e) You may ask us to approve modified labeling requirements in this part 1037 if you show that
it is necessary or appropriate. We will approve your request if your alternate-alternative label is
consistent with the requirements of this part.

55. Amend § 1037.205 by revising paragraph (e) to read as follows:

§ 1037.205 What must I include in my application?

% % % % %

(e) Describe any test equipment and procedures that you used, including any special or alternate
alternative test procedures you used (see § 1037.501). Include information describing the
procedures you used to determine Cy4 values as specified in §§ 1037.525 and 1037.527.

Describe which type of data you are using for engine fuel maps (see 40 CFR 1036.505).
* * * * *

56. Revise § 1037.231 to read as follows:

§ 1037.231 Powertrain families.
See 40 CFR 1036.231 for provisions describing how to divide your product line into powertrain
families.




57. Amend § 1037.235 by revising paragraph (f) to read as follows:

§ 1037.235 Testing requirements for certification.
* * * * *

(f) If you use an alternative alternate-test procedure under 40 CFR 1065.10 and later testing
shows that such testing does not produce results that are equivalent to the procedures specified in

subpart F of this part, we may reject data you generated using the alternative alternate-procedure.
* * * * *

58. Amend § 1037.501 by revising paragraph (e) to read as follows:

§ 1037.501 General testing and modeling provisions.

% % % % %

(e) You may use special or alternative alternate-procedures as specified in 40 CFR 1065.10.
%

% % % %

59. Amend § 1037.510 by revising paragraph (c)(3) to read as follows:

§ 1037.510 Duty-cycle exhaust testing.

* * * * *
(C) % % %
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(3) Table 1 to this paragraph (c)(3) follows:

TABLE 1 TO PARAGRAPH (¢)(3) OF § 1037.510—WEIGHTING FACTORS FOR DUTY CYCLES

Distance-weighted Time-weighted? Average
speed
Transient 55 mi/hr | 65 mi/hr | Drive | Parked | Non- n(:)l:ll:lirtll%e
cruise cruise idle idle idle
cycles
(mi/hr)®
Class 7 All Cabs 19 % 17 % 64 % — — — —
Class 8 Day Cabs 19 % 17 % 64 % — — — —
Class 8 Sleeper Cabs 5% 9% 86 % —
Heavy-haul Tractors 19 % 17 % 64 % — — — —
Vocational—Regional 20 % 24 % 56 % 0% 25 % 75 % 38.41
Vocational—Multi-Purpose (2b-7) 54 % 29 % 17 % 17% [ 25% 58 % 23.18
Vocational—Multi-Purpose (8) 54 % 23 % 23 % 17% | 25% 58 % 23.27
Vocational—Urban (2b-7) 92 % 8 % 0% 15% | 25% 60 % 16.25
Vocational—Urban (8) 90 % 10 % 0% 15% | 25% 60 % 16.51
Vocatlon?ll with conventional 429 21 % 379 o o o o
powertrain (Phase 1 only)
Vocational Hybrid Vehicles 759, 99 16 % o o o o
(Phase 1 only)

“Note that these drive idle and non-idle weighting factors do not reflect additional drive idle that occurs during the
transient cycle. The transient cycle does not include any parked idle.
"These values apply even for vehicles not following the specified speed traces.

* ok ok ok %k

60. Amend § 1037.520 by revising paragraphs (€)(2) and (4) and (n) to read as follows:

§ 1037.520 Modeling CO: emissions to show that vehicles comply with fuel consumption

standards.
k k k k k
(e) * % %

(2) Weight reduction inputs for tractor components other than wheels are specified in the
following table:
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TABLE 7 TO § 1037.520—NONWHEEL-RELATED WEIGHT REDUCTIONS FROM ALTERNATIVE
MATERIALS FOR TRACTORS (POUNDS)

Weight reduction technologies Aluminum | High-strength steel | Thermoplastic
Door 20 6

Roof 60 18

Cab rear wall 49 16

Cab floor 56 18

Hood Support Structure System 15 3

Hood and Front Fender 65
Day Cab Roof Fairing 18
Sleeper Cab Roof Fairing 75 20 40
Aerodynamic Side Extender 10
Fairing Support Structure System 35 6

Instrument Panel Support Structure 5 1

Brake Drums — Drive (set of 4) 140 74

Brake Drums — Non Drive (set of 2) 60 42

Frame Rails 440 87

Crossmember — Cab 15 5

Crossmember — Suspension 25 6

Crossmember — Non Suspension (set of 3) 15 5

Fifth Wheel 100 25

Radiator Support 20 6

Fuel Tank Support Structure 40 12

Steps 35 6

Bumper 33 10

Shackles 10 3

Front Axle 60 15

Suspension Brackets, Hangers 100 30

Transmission Case 50 12

Clutch Housing 40 10

Fairing Support Structure System 35 6

Drive Axle Hubs (set of 4) 80 20

Non Drive Hubs (set of 2) 40 5

Two-piece driveshaft 20 5
Transmission/Clutch Shift Levers 20 4

(4) Apply vehicle weight inputs for changing technology configurations as follows:

(1) For Class 8 tractors or for Class 8 vocational vehicles with a permanent 6x2 axle
configuration, apply a weight reduction input of 300 pounds. However, apply no weight
reduction for coach buses certified to custom-chassis standards under § 1037.105(h).
(i1) For Class 8 tractors with 4x2 axle configuration, apply a weight reduction input of
400 pounds.

(1i1) For tractors with installed engines with displacement below 14.0 liters, apply a
weight reduction of 300 pounds.

63



(iv) For tractors with single-piece driveshafts with a total length greater than 86 inches,
apply a weight reduction of 43 pounds for steel driveshafts and 63 pounds for aluminum
driveshafts.
S
(n) A#ternate-Other fuels. For fuels other than those identified in GEM, perform the simulation
by identifying the vehicle as being diesel-fueled if the engine is subject to the compression-
ignition standard, or as being gasoline-fueled if the engine is subject to the spark-ignition
standards. Correct the engine or powertrain fuel map for mass-specific net energy content as
described in 40 CFR 1036.535(b).

61. Amend § 1037.601 by revising paragraphs (a)(5) and (e) to read as follows:

§ 1037.601 General compliance provisions.
(a)* * *

(5) The warranty-related prohibitions in section 203(a)(4) of the Act (42 U.S.C. 7522(a)(4))
apply to manufacturers of new heavy-duty highway vehicles in addition to the prohibitions

described in 40 CFR 1068.101(b)(6). We may assess a civil penalty up to $44,539 for each

engine or vehicle in violation. Penalties apply as described in 40 CFR 1068.101.Fhe-eivil

*

(e) Under § 1037.801, certain vehicles are considered to be new vehicles when they are imported
into the United States, even if they have previously been used outside the country. Independent
nmerci hav nce the 1S16RS-O CR nart & . and 40 CER

o 40

3

62. Amend § 1037.605 by revising the section heading and paragraphs (a) introductory
text, (a)(4), (c), and (d)(1) to read as follows:

§ 1037.605 Installing engines certified to alternate-alternative standards for specialty
vehicles.
(a) General provisions. This section allows vehicle manufacturers to introduce into U.S.
commerce certain new motor vehicles using engines certified to alternative alternate-emission
standards specified in 40 CFR 1036.605 for motor vehicle engines used in specialty vehicles.
You may not install an engine certified to these alternative alternate-standards if there is an
engine certified to the full set of requirements of 40 CFR part 1036 that has the appropriate
physical and performance characteristics to power the vehicle. Note that, although these
alternative alternate-emission standards are mostly equivalent to standards that apply for nonroad
engines under 40 CFR part 1039 or 1048, they are specific to motor vehicle engines. The
provisions of this section apply for the following types of specialty vehicles:
k k * * *

(4) Through model year 20272030, vehicles with a hybrid powertrain in which the engine

provides energy only for the Rechargeable Energy Storage System.
% % % % %
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(¢) Production limits. You may produce up-te15000-hybrid-vehielesnaghrenmeodelyear

through-medelyear2027-and-up to 200 of each type of vehicle identified in paragraph (a)(H
threugh+3) of this section in a given model year. This includes vehicles produced by affiliated

companies. If you exceed this limit, the number of vehicles that exceed the limit for the model
year will not be covered by a valid certificate of conformity. For the purpose of this paragraph
(c), we will count all vehicles labeled or otherwise identified as exempt under this section.
(dy* * *
(1) Vehicles qualifying under this section are subject to evaporative and refueling emission
standards as specified in § 1037.103, but are exempt from the other requirements of this part,

except as specified in this section and in § 1037.601.
% % % % %

63. Amend § 1037.631 by revising paragraph (a) introductory text to read as follows:

§ 1037.631 Exemption for vocational vehicles intended for off-road use.

* * * * *

(a) Qualifying criteria. Vocational vehicles intended for off-road use are exempt without request,
subject to the provisions of this section, if they are primarily designed to perform work off-road
(such as in oil fields, mining, forests, or construction sites), and they meet at least one of the
criteria of paragraph (a)(1) of this section and at least one of the criteria of paragraph (a)(2) of
this section. See § 1037.105(h) for alternative alternate-Phase 2 standards that apply for vehicles

meeting only one of these sets of criteria.
% % % % %

64. Amend § 1037.635 by revising paragraph (b)(4) to read as follows:

§ 1037.635 Glider Kkits and glider vehicles.
* * * * *
(4) Note that alternative alternate-standards or requirements may apply under § 1037.150.

% % % % %

65. Amend § 1037.660 by revising paragraph (c)(2) to read as follows:

§ 1037.660 Idle-reduction technologies.

* * * * *

(c)* * *
(2) For AES systems designed to limit idling to a specific number of hours less than 1,800
hours over any 12-month period, calculate an adjusted AES input using the following
equation, rounded to the nearest 0.1 g/ton-mile: AES Input =5 g CO»/ton-mile x (1 -
(maximum allowable number of idling hours per year/1,800 hours)). This is an annual
allowance that starts when the vehicle is new and resets every 12 months after that.
Manufacturers may propose an alternative alterrate-method based on operating hours or

miles instead of years.
% % % % %
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66. Amend § 1037.801 by revising the definitions of “Date of manufacture”, “Designated
Compliance Officer”, “Fuel system”, and “Hydrocarbon (HC)” to read as follows:

§ 1037.801 Definitions.

% % % % %

Date of manufacture means the date on which the certifying vehicle manufacturer completes its
manufacturing operations, except as follows:

(1) Where the certificate holder is an engine manufacturer that does not manufacture the chassis,
the date of manufacture of the vehicle is based on the date assembly of the vehicle is completed.
(2) We may approve an alternative alternate-date of manufacture based on the date on which the
certifying (or primary) manufacturer completes assembly at the place of main assembly,
consistent with the provisions of § 1037.601 and 49 CFR 567.4.

* ok ok ok %k

Designated Compliance Officer means one of the following:

(1) For compression-ignition engines, Designated Compliance Officer means
BireetorSupervisor, Diesel Engine Compliance Branch€enter, U.S. Environmental Protection
Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov;
www.epa.gov/ve-certification.

(2) For spark-ignition engines, Designated Compliance Officer means BireeterSupervisor,
Gasoline Engine Compliance Branch€enter, U.S. Environmental Protection Agency, 2000
Traverwood Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-
certification.

% % % % %

Fuel system means all components involved in transporting, metering, and mixing the fuel from
the fuel tank to the combustion chamber(s), including the fuel tank, fuel pump, fuel filters, fuel
lines, carburetor or fuel-injection components, and all fuel-system vents. It also includes
components for controlling evaporative and refueling emissions, such as fuel caps, purge valves,
and carbon canisters.

* * * * *

Hydrocarbon (HC) means the hydrocarbon group on which the emission standards are based for
each fuel type. For alcohol-fueled vehicles, HC means nonmethane hydrocarbon equivalent
(NMHCE) for exhaust emissions and total hydrocarbon equivalent (THCE) for evaporative
emissions. For all other vehicles, HC means nonmethane hydrocarbon (NMHC) for exhaust
emissions and total hydrocarbon (THC) for evaporative and refueling emissions.

% % % % %

67. Amend § 1037.810 by revising paragraph (c)(7) to read as follows:
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§ 1037.810 Incorporation by reference.
ok ok % %

(C) % % %
(7) SAE J2343 FEB20183J120068, Recommended Practice for LNG Medium and Heavy-Duty

Powered Vehicles, Stabilized February 201 8RevisedFaly2008, (“SAE J2343”); IBR approved
for § 1037.103(e).

% % %
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APPENDIX 4

PART 1039—CONTROL OF EMISSIONS FROM NEW AND IN-USE NONROAD
COMPRESSION-IGNITION ENGINES

68. The authority citation for part 1039 continues to read as follows:

Authority: 42 U.S.C. 7401-7671q.

69. Amend § 1039.110 by revising paragraph (a) to read as follows:

§ 1039.110 Recording reductant use and other diagnostic functions.

(a) Engines equipped with SCR systems using a reductant other than the engine's fuel must have
a diagnostic system that monitors reductant quality and tank levels and alert operators to the need
to refill the reductant tank before it is empty, or to replace the reductant if it does not meet your
concentration specifications. The diagnostic system must include audlble and visual s1gnals as
described in § 1039.111. Yn h : ¥ an-au

You do not need to separately momtor reductant quallty 1f your system uses input from an
exhaust NOX sensor (or other sensor) to alert operators when reductant quality is inadequate.

However, tank level must be monitored in all cases.
% % % % %

70. Add § 1039.111 to subpart B to read as follows:

§ 1039.111 Inducements related to SCR.
Engines using SCR to control emissions depend on a constant supply of diesel exhaust fluid
(DEF). This section describes how manufacturers must design their engines to prompt operators
to take appropriate actions to ensure the SCR system is working properly. The requirements of
this section apply starting in model year 2029, though you may comply with the requirements of
this section in earlier model years.
(a) [Reserved]
(b) Inducement triggering conditions. Create strategies that monitor for and trigger an
inducement signal based on the following conditions:
(1) Engine operation with no DEF.
(2) DEF with a urea concentration below 20 mass percent. You may determine urea
concentration based on direct measurement or based on a surrogate value such as exhaust
NOx concentration before and after an SCR catalyst. Measurement may be limited to one
time for each occurrence of adding to the DEF tank. Use good engineering judgment to
determine urea concentration as soon as possible.
(3) Any signal indicating that a catalyst is missing.
(4) Open circuit faults related to the following: DEF tank level sensor, DEF pump, DEF
quality sensor, SCR wiring harness, NOx sensors, DEF dosing valve, DEF tank heater, DEF
tank temperature sensor, and aftertreatment control module.
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(¢) Audible and visual signals. Design engines with audible and visual signals corresponding to
the inducement triggering conditions in paragraph (b) of this section, subject to our approval, as
follows:
(1) Audible signals must be sufficient to alert the operator to the need for service. The tone
must be active for 90 seconds with repeated tones on one of the following schedules:
(1) For DEF supply, the tone must occur when the system detects the triggering condition
in paragraph (b)(1) of this section, when the engine detects an empty DEF tank, 30
minutes after detecting an empty DEF tank, 60 minutes after detecting an empty DEF
tank, and then every 60 minutes until key-off.
(11) For all conditions other than DEF supply, the tone must occur when the system
detects a triggering condition in paragraph (b)(2) through (4) of this section, 30 minutes
after detecting the triggering condition, 90 minutes after detecting the triggering
condition, and then every 180 minutes until key-off.
(ii1) If the triggering condition persists after keying off and on again, engines must repeat
the audible signal after key-on and according to the time schedule described in paragraph
(c)(1)(1) or (ii) of this section.
(2) You may design your engines to suspend the audible signals in paragraph (c¢)(1) of this
section when ambient temperature is below —11 °C. If the triggering condition persists,
restart audible signals at the same point in the schedule identified in paragraph (c)(1) of this
section when ambient temperature is above 0 °C.
(3) Visual signals must be sufficient to alert the operator to the need for service. Visual
signals must be displayed until deactivation as described in paragraph (e) of this section.
(d) Performance derates. You may rely on derating engine performance for protecting
aftertreatment systems and other engine components from catastrophic damage, as long as
derating is not based only on an assessment of emission control performance (such as evaluation
of catalyst conversion efficiency).
(e) Deactivating inducements. Program the engine to deactivate inducements as follows:
(1) Evaluate whether the detected inducement triggering condition continues to apply.
Deactivate inducements if the engine confirms that the detected inducement triggering
condition is resolved.
(2) If your system allows for remotely deactivating inducement triggering codes, do not limit
this capability to proprietary scantools.

71. Amend § 1039.115 by revising paragraph (e) and adding paragraph (h) to read as
follows:

§ 1039.115 What other requirements apply?

% % % % %

(e) Adjustable parameters. Engines that have adjustable parameters must meet all the

requirements of this part for any adjustment in the practically adjustable range.
(1) We may require that you set adjustable parameters to any specification within the
practically adjustable range during any testing, including certification testing, selective
enforcement auditing, or in-use testing.
(2) General provisions for adjustable parameters apply as specified in 40 CFR 1068.50.
(3) DEF supply and DEF quality are adjustable parameters. The practically adjustable range
includes any amount of DEF for which the engine’s diagnostic system does not trigger
inducement provisions under § 1036.111.
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% % % % %

(h) The following additional requirements apply for engines with SCR:
(1) Diesel exhaust fluid tanks must be sized to require refilling no more frequently than the
vehicle operator will need to refill the fuel tank, even for worst-case assumptions related to
fuel efficiency and refueling volumes.
(2) Design engines to respond to varying DEF quality with compensation algorithms that
varies DEF injection to maintain NOx emission control that is comparable to operation with
DEF conforming to the specifications referenced in the definition of “diesel exhaust fluid” in
§ 1039.801, subject to the limitations of the emission control hardware.
(3) Design engines for DEF freeze protection by including a warming system to thaw DEF to
restore DEF flow into the exhaust system within 70 minutes after engine starting using the
procedure described in 40 CFR 1036.560.

72. Amend § 1039.125 by revising paragraph (a)(1) introductory text to read as follows:

§ 1039.125 What maintenance instructions must I give to buyers?

% % % % %

(a) * * *
(1) You demonstrate that the maintenance is reasonably likely to be done at the
recommended intervals on in-use engines. We will accept DEF replenishment as reasonably
likely to occur if your engine meets the specifications in § 1039.111. We will accept other

scheduled mamtenance as reasonably llkely to occur 1f you satlsfy any of the followmg

73. Amend § 1039.130 by revising paragraph (b)(3) to read as follows:

§ 1039.130 What installation instructions must I give to equipment manufacturers?

* * * * *

(b) Make sure these instructions have the following information:
(3) Describe the instructions needed to properly install the exhaust system and any other
components. Include instructions consistent with the requirements of § 1039.205(u). Also
describe how equipment manufacturers must install diesel exhaust fluid tanks with sensors
and equlpment as needed to meet the requ1rements of && 1039.111 and 1039 1 15( h).Alse

74. Amend § 1039.205 by revising paragraph (b) introductory text to read as follows:

§ 1039.205 What must I include in my application?
% % % % %
(12) For engines using SCR, describe the following design features:
(1) Audible and visual signals required under § 1039.111(c).
(i1) Compensation algorithms required under § 1039.115(h)(2).
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75. Amend § 1039.501 by revising paragraph (d) to read as follows:

§ 1039.501 How do I run a valid emission test?

*

* ok % %

(d) Use the fuels and engine fluids specified in § 1039.104(e) and 40 CFR part 1065 to perform
valid tests.

*

(1) For service accumulation, use the test fuel or any commercially available fuel that is
representative of the fuel that in-use engines will use.

(2) For diesel-fueled engines, use the appropriate diesel fuel specified in 40 CFR part 1065
for emission testing. Unless we specify otherwise, the appropriate diesel test fuel is the ultra
low-sulfur diesel fuel. If we allow you to use a test fuel with higher sulfur levels, identify the
test fuel in your application for certification and ensure that the emission control information
label is consistent with your selection of the test fuel (see § 1039.135(c)(9)). For example, do
not test with ultra low-sulfur diesel fuel if you intend to label your engines to allow use of
diesel fuel with sulfur concentrations up to 500 ppm.

(3) For engines using selective catalytic reduction, use diesel exhaust fluid that conforms to

the specifications referenced in the definition of “diesel exhaust fluid” in § 1039.801.
* * * *
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APPENDIX 5

PART 1065—ENGINE-TESTING PROCEDURES

76. The authority citation for part 1065 continues to read as follows:
Authority: 42 U.S.C. 7401-7671q.

77. Amend § 1065.1 by revising paragraph (e) to read as follows:

§ 1065.1 Applicability.

N T

(e) Unless we specify otherwise, the terms “procedures” and “test procedures” in this part
include all aspects of engine testing, including the equipment specifications, calibrations,
calculations, and other protocols and procedural specifications needed to make required

measurementsmeasure-erISSIons.
% % % % %

78. Amend § 1065.2 by revising paragraph (c) to read as follows:

§ 1065.2 Submitting information to EPA under this part.

* * * * *

(c) We may void any certificates or approvals associated with a submission of information if we
find that you intentionally submitted false, incomplete, or misleading information. For example,
if we find that you intentionally submitted incomplete information to mislead EPA when
requesting approval to use alternative alternate-test procedures, we may void the certificates for
all engine families certified based on emission data collected using the alternative alternate
procedures. This paragraph (c¢) would also apply if you ignore data from incomplete tests or from

repeat tests with higher emission results.
* * * * *

79. Amend § 1065.10 by revising paragraphs (c) introductory text, (c)(6), (c)(7)
introductory text, and (c)(7)(ii1); and removing paragraph (d) to read as follows:

§ 1065.10 Other procedures.

* * * * *

(c) Exceptions. We may allow or require you to use procedures other than those specified in this
part in the following cases, which may apply to laboratory testing, field testing, or both. We
intend to publicly announce when we allow or require such exceptions. If we require you to
request approval to use other procedures under this paragraph (c), you may not use them until we
approve your request. All-ef the test procedures noted here as exceptions to the specified
procedures are considered generically as "other procedures." Note that the terms "special
procedures" and "alternative alternate-procedures" have specific meanings; "special procedures"
are those allowed by §3+065+0paragraph (¢)(2) of this section and "alternative alternate

procedures" are those allowed by §1+065+0paragraph (c)(7).

* * * * *

(6) During the 12 months following the effective date of any change in the provisions of this
part 1065 (and 40 CFR part 1066 for vehicle testing), you may use data collected using
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procedures specified in the previously applicable version of this part 1065 (and 40 CFR part
1066 for vehicle testing). This also applies for changes to test procedures specified in the
standard-setting part to the extent that these changes are not related to new emisston
standards. This paragraph (c)(6) does not restrict the use of carryover certification data
otherwise allowed by the standard-setting part. This paragraph (¢)(6) also does not prevent us
from identifying an earlier starting date for certain changes to test procedures.

(7) You may request to use alternative alternate-procedures that are equivalent to the
specified procedures, or procedures that are more accurate or more precise than the specified
procedures. We may perform tests with your engines using either the approved alternative
alternate-procedures or the specified procedures. We may reject data you generate using
alternate procedures if later testing with the otherwise specified procedures shows
contradictory emission data. The following provisions apply to requests for alternative
alternate-procedures:

* ok ok ok %k

(1i1) Notification. We may approve your request by telling you directly, or we may issue
guidance announcing our approval of a specific alternative alternate-procedure, which
would make additional requests for approval unnecessary.

80. Revise § 1065.12 to read as follows:

§ 1065.12 Approval of alternative alternate-procedures.

(a) To get approval for an alternative alternate-procedure under § 1065.10(c), send the EPA
Program Officer an initial written request describing the alternative alternate-procedure and why
you believe it is equivalent to the specified procedure. Anyone may request alternative alternate
procedure approval. This means that an individual engine manufacturer may request to use an
alternativealternate procedure. This also means that an instrument manufacturer may request to
have an instrument, equipment, or procedure approved as an alternative alterrate-procedure to
those specified in this part. We may approve your request based on this information alone,
whether or not it includes all the information specified in this section. Where we determine that
your original submission does not include enough information for us to determine that the
alternative alternate-procedure is equivalent to the specified procedure, we may ask you to
submit supplemental information showing that your alternative alternate-procedure is
consistently and reliably at least as accurate and repeatable as the specified procedure.

(b) We may make our approval under this section conditional upon meeting other requirements
or specifications. We may limit our approval, for example, to certain time frames, specific duty
cycles, or specific emission standards. Based upon any supplemental information we receive
after our initial approval, we may amend a previously approved alternative alterpate-procedure to
extend, limit, or discontinue its use. We intend to publicly announce alternative alternate
procedures that we approve.

(c) Although we will make every effort to approve only alternative alternate-procedures that
completely meet our requirements, we may revoke our approval of an alternative alternate
procedure if new information shows that it is significantly not equivalent to the specified
procedure. If we do this, we will grant time to switch to testing using an allowed procedure,
considering the following factors:
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(1) The cost, difficulty, and availability to switch to a procedure that we allow.
(2) The degree to which the alternative alternate-procedure affects your ability to show that
your engines comply with all applicable emission standards.
(3) Any relevant factors considered in our initial approval.
(d) If we do not approve your proposed alternative alternate-procedure based on the information
in your initial request, we may ask you to send additional information to fully evaluate your
request. While we consider the information specified in this paragraph (d) and the statistical
criteria of paragraph (e) of this section to be sufficient to demonstrate equivalence, it may not be
necessary to include all the information or meet the specified statistical criteria. For example,
systems that do not meet the statistical criteria in paragraph (e) of this section because they have
a small bias toward high emission results could be approved since they would not adversely
affect your ability to demonstrate compliance with applicable standards.
(1) Theoretical basis. Give a brief technical description explaining why you believe the
proposed alternative alternate-procedure should result in emission measurements equivalent
to those using the specified procedure. You may include equations, figures, and references.
You should consider the full range of parameters that may affect equivalence. For example,
for a request to use a different NOx measurement procedure, you should theoretically relate
the alternative alternate-detection principle to the specified detection principle over the
expected concentration ranges for NO, NO», and interference species. For a request to use a
different PM measurement procedure, you should explain the principles by which the
alternative alternate-procedure quantifies particulate mass similarly to the specified
procedures.
(2) Technical description. Describe briefly any hardware or software needed to perform the
alternative alternate-procedure. You may include dimensioned drawings, flowcharts,
schematics, and component specifications. Explain any necessary calculations or other data
manipulation.
(3) Procedure execution. Describe briefly how to perform the alternative alterrate-procedure
and recommend a level of training an operator should have to achieve acceptable results.
Summarize the installation, calibration, operation, and maintenance procedures in a step-by-
step format. Describe how any calibration is performed using NIST-traceable standards or
other similar standards we approve. Calibration must be specified by using known quantities
and must not be specified as a comparison with other allowed procedures.
(4) Data-collection techniques. Compare measured emission results using the proposed
alternative alternate-procedure and the specified procedure, as follows:
(1) Both procedures must be calibrated independently to NIST-traceable standards or to
other similar standards we approve.
(i1) Include measured emission results from all applicable duty cycles. Measured
emission results should show that the test engine meets all applicable emission standards
according to specified procedures.
(111) Use statistical methods to evaluate the emission measurements, such as those
described in paragraph (e) of this section.
(e) Absent any other directions from us, use a ¢-test and an F-test calculated according to
§ 1065.602 to evaluate whether your proposed alternative alternate-procedure is equivalent to the
specified procedure. We may give you specific directions regarding methods for statistical
analysis, or we may approve other methods that you propose. Such alternative alternate-methods
may be more or less stringent than those specified in this paragraph (e). In determining the
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appropriate statistical criteria, we will consider the repeatability of measurements made with the
reference procedure. For example, less stringent statistical criteria may be appropriate for
measuring emission levels being so low that they adversely affect the repeatability of reference
measurements. We recommend that you consult a statistician if you are unfamiliar with these
statistical tests. Perform the tests as follows:
(1) Repeat measurements for all applicable duty cycles at least seven times for each
procedure. You may use laboratory duty cycles to evaluate field-testing procedures. Be sure
to include all available results to evaluate the precision and accuracy of the proposed
alternative alternate-procedure, as described in § 1065.2.
(2) Demonstrate the accuracy of the proposed alternative alternate-procedure by showing that
it passes a two-sided #-test. Use an unpaired #-test, unless you show that a paired #-test is
appropriate under both of the following provisions:
(1) For paired data, the population of the paired differences from which you sampled
paired differences must be independent. That is, the probability of any given value of one
paired difference is unchanged by knowledge of the value of another paired difference.
For example, your paired data would violate this requirement if your series of paired
differences showed a distinct increase or decrease that was dependent on the time at
which they were sampled.
(i1) For paired data, the population of paired differences from which you sampled the
paired differences must have a normal (i.e., Gaussian) distribution. If the population of
paired difference is not normally distributed, consult a statistician for a more appropriate
statistical test, which may include transforming the data with a mathematical function or
using some kind of non-parametric test.
(3) Show that ¢ is less than the critical ¢ value, cit, tabulated in § 1065.602, for the following
confidence intervals:
(1) 90 % for a proposed alternative alternate-procedure for laboratory testing.
(1) 95 % for a proposed alternative alternate-procedure for field testing.
(4) Demonstrate the precision of the proposed alternative alternate-procedure by showing that
it passes an F-test. Use a set of at least seven samples from the reference procedure and a set
of at least seven samples from the alternative alternate-procedure to perform an F-test. The
sets must meet the following requirements:
(1) Within each set, the values must be independent. That is, the probability of any given
value in a set must be unchanged by knowledge of another value in that set. For example,
your data would violate this requirement if a set showed a distinct increase or decrease
that was dependent upon the time at which they were sampled.
(i1) For each set, the population of values from which you sampled must have a normal
(i.e., Gaussian) distribution. If the population of values is not normally distributed,
consult a statistician for a more appropriate statistical test, which may include
transforming the data with a mathematical function or using some kind of non-parametric
test.
(ii1) The two sets must be independent of each other. That is, the probability of any given
value in one set must be unchanged by knowledge of another value in the other set. For
example, your data would violate this requirement if one value in a set showed a distinct
increase or decrease that was dependent upon a value in the other set. Note that a trend of
emission changes from an engine would not violate this requirement.
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(iv) If you collect paired data for the paired 7-test in paragraph (e)(2) in this section, use
caution when selecting sets from paired data for the F-test. If you do this, select sets that
do not mask the precision of the measurement procedure. We recommend selecting such
sets only from data collected using the same engine, measurement instruments, and test
cycle.
(5) Show that F'is less than the critical F value, Frit, tabulated in § 1065.602. If you have
several F-test results from several sets of data, show that the mean F-test value is less than
the mean critical /" value for all the sets. Evaluate F:it, based on the following confidence
intervals:
(1) 90 % for a proposed alternative alternate-procedure for laboratory testing.
(11) 95 % for a proposed alternative alternate-procedure for field testing.

81. Amend § 1065.140 by adding paragraph (b)(2)(vi) to read as follows:

1065.140 Dilution for gaseous and PM constituents.
§ g
* * % % %
(vi) You may use the provisions in 40 CFR 1066.110(b)(2)(1).

* ok ok ok %k

82. Amend § 1065.201 by revising paragraph (b) to read as follows:

§ 1065.201 Overview and general provisions.

% % % % %

(b) Instrument types. You may use any of the specified instruments as described in this subpart to
perform emission tests. If you want to use one of these instruments in a way that is not specified
in this subpart, or if you want to use a different instrument, you must first get us to approve your
alternative alternate-procedure under § 1065.10. Where we specify more than one instrument for
a particular measurement, we may identify which instrument serves as the reference for
comparing with an alternative alternate-procedure. You may generally use instruments with
compensation algorithms that are functions of other gaseous measurements and the known or
assumed fuel properties for the test fuel. The target value for any compensation algorithm is 0 %

(that is, no bias high and no bias low), regardless of the uncompensated signal’s bias.
% % % % %

83. Amend § 1065.225 by revising paragraph (a) to read as follows:

§ 1065.225 Intake-air flow meter.
(a) Application. Y ou may use intake-air flow meters in combination with a chemical balance of
fuel, DEF, intake air, and raw exhaust to calculate raw exhaust flow as described in
§ 1065.655(f) and (g). You may also use intake-air flow meters to determine the amount of
intake air input for performing carbon balance error verification in § 1065.543 and to calculate
the measured amount of intake air, nin, as described in § 1065.643. The following provisions
apply for using intake-air flow meters:
(1) Use the actual value of calculated raw exhaust in the following cases:
(1) For multiplying raw exhaust flow rate with continuously sampled concentrations.
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(i1) For multiplying total raw exhaust flow with batch-sampled concentrations.

(iii) For verifying minimum dilution ratio for PM batch sampling as described in

§ 1065.546.

(iv) For calculating the dilution air flow for background correction as described in

§ 1065.667.
(2) In the following cases, you may use an intake-air flow meter signal that does not give the
actual value of raw exhaust, as long as it is linearly proportional to the exhaust flow rate’s
actual calculated value:

(1) For feedback control of a proportional sampling system, such as a partial-flow dilution

system.

(i1) For multiplying with continuously sampled gas concentrations, if the same signal is

used in a chemical-balance calculation to determine work from brake-specific fuel

consumption and fuel consumed.
* * * * *

84. Amend subpart C by adding a new center header “CO AND CO2
MEASUREMENTS” before § 1065.248.

85. Amend subpart C by removing the random table of contents entry “CO AND CO2
MEASUREMENTS?” after § 1065.248.

86. Amend § 1065.257 by revising paragraph (d) to read as follows:

§ 1065.257 H20 measurement devices.

% % % % %

(d) Interference verification. Certain compounds can interfere with FTIR and laser infrared

analyzers by causing a response similar to water. Perform interference verification for the

following interference species:
(1) Perform CO; interference verification for FTIR analyzers using the procedures of
§ 1065.357. Use good engineering judgment to determine other interference species for FTIR
analyzers when performing interference verification. Consider at least CO, NO, C;H4, and
C7Hs. Perform interference verifications using the procedures of § 1065.357, replacing
occurrences eeeuranees-of CO2 with each targeted interference species. Determine
interference species under this paragraph (d)(1) that are appropriate for each H,O infrared
absorption band, or you may identify the interference species based on the instrument
manufacturer’s recommendations.
(2) Perform interference verification for laser infrared analyzers using the procedures of §
1065.35875. Use good engineering judgment to determine interference species for laser
infrared analyzers. Note that interference species are dependent on the H>O infrared
absorption band chosen by the instrument manufacturer. For each analyzer determine the
H>O0 infrared absorption band. Determine interference species under this paragraph (d)(2)
that are appropriate for each H>O infrared absorption band, or you may identify the
interference species based on the instrument manufacturer’s recommendations.

87. Amend subpart C by removing the center header “HYDROCARBON
MEASUREMENTS?”, resulting in the following sections belonging under the center
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header “HYDROCARBON, H>, AND H O MEASUREMENTS”: §§ 1065.250
through 1065.269.

88. Amend § 1065.267 by revising paragraph (a) to read as follows:

§ 1065.267 Gas chromatograph with a flame ionization detector.

(a) Application. You may use a gas chromatograph with a flame ionization detector (GC-FID) to
measure CH4 and C2Hg concentrations of diluted exhaust for batch sampling. While you may
also use a nonmethane cutter to measure CHy, as described in § 1065.265, use a reference
procedure based on a gas chromatograph for comparison with any proposed alternative alternate

measurement procedure under § 1065.10.
% % % % %

89. Amend § 1065.270 by revising paragraph (a) to read as follows:

§ 1065.270 Chemiluminescent NOx analyzer.

(a) Application. You may use a chemiluminescent detector (CLD) to measure NOx concentration
in raw or diluted exhaust for batch or continuous sampling. We generally accept a CLD for NOx
measurement, even though it measures only NO and NO», when coupled with an NO»-to-NO
converter, since conventional engines and aftertreatment systems do not emit significant amounts
of NOx species other than NO and NO,. Measure other NOx species if required by the standard-
setting part. While you may also use other instruments to measure NOx, as described in

§ 1065.272, use a reference procedure based on a chemiluminescent detector for comparison

with any proposed alternative alternate-measurement procedure under § 1065.10.
* * * * *

90. Amend § 1065.290 by revising paragraph (b) to read as follows:

§ 1065.290 PM gravimetric balance.

% % % % %

(b) Component requirements. We recommend that you use a balance that meets the
specifications in Table 1 of § 1065.205. Note that your balance-based system must meet the
linearity verification in § 1065.307. If the balance uses internal calibration weights for routine
spanning and the weights do not meet the specifications in § 1065.790, the weights must be
verified independently with external calibration weights meeting the requirements of § 1065.790.
While you may also use an inertial balance to measure PM, as described in § 1065.295, use a
reference procedure based on a gravimetric balance for comparison with any proposed

alternative alternate-measurement procedure under § 1065.10.
* * * * *

91. Revise and republish § 1065.303 to read as follows:

§ 1065.303 Summary of required calibration and verifications.
The following table summarizes the required and recommended calibrations and verifications
described in this subpart and indicates when these have to be performed:

Table 1 of § 1065.303—Summary of Required Calibration and Verifications

| Type of calibration or verification I Minimum frequency?®
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§ 1065.305: Accuracy, repeatability and noise

Accuracy: Not required, but recommended for initial installation.
Repeatability: Not required, but recommended for initial
installation.

Noise: Not required, but recommended for initial installation.

§ 1065.307: Linearity verification

Speed: Upon initial installation, within 370 days before testing
and after major maintenance.

Torgue: Upon initial installation, within 370 days before testing
and after major maintenance._In the case of torque measurement
transducers and systems that are shipped off-site for linearity
verification, the linearity verification is required within 370 days
before testing, plus up to an additional 185 days before testing to
store and transport calibrated equipment that is stored in a
controlled environment.

Electrical power, current, and voltage: Upon initial installation,
within 370 days before testing and after major maintenance.”
Fuel mass flow rate: Upon initial installation, within 370 days
before testing, and after major maintenance.

Fuel mass scale: Upon initial installation, within 370 days before
testing, and after major maintenance.

DEF mass flow rate: Upon initial installation, within 370 days
before testing, and after major maintenance.®

DEF mass scale: Upon initial installation, within 370 days before
testing, and after major maintenance.

Intake-air, dilution air, diluted exhaust, and batch sampler flow
rates: Upon initial installation, within 370 days before testing and
after major maintenance.d

Raw exhaust flow rate: Upon initial installation, within 185 days
before testing and after major maintenance.d

Gas dividers: Upon initial installation, within 370 days before
testing, and after major maintenance.

Gas analyzers (unless otherwise noted): Upon initial installation,
within 35 days before testing and after major maintenance.

FTIR, H>O laser infrared analyzers, and photoacoustic analyzers:
Upon initial installation, within 370 days before testing and after
major maintenance.

GC-ECD: Upon initial installation and after major maintenance.
PM balance: Upon initial installation, within 370 days before
testing and after major maintenance.

Pressure, temperature, and dewpoint: Upon initial installation,
within 370 days before testing and after major maintenance.

§ 1065.308: Continuous gas analyzer system response
and updating-recording verification—for gas analyzers
not continuously compensated for other gas species

Upon initial installation or after system modification that would
affect response.

§ 1065.309: Continuous gas analyzer system-response
and updating-recording verification—for gas analyzers
continuously compensated for other gas species

Upon initial installation or after system modification that would
affect response.

§ 1065.310: Torque

Upon initial installation and after major maintenance.

§ 1065.315: Pressure, temperature, dewpoint

Upon initial installation and after major maintenance.

§ 1065.320: Fuel flow

Upon initial installation and after major maintenance.

§ 1065.325: Intake flow

Upon initial installation and after major maintenance.

§ 1065.330: Exhaust flow

Upon initial installation and after major maintenance.

§ 1065.340: Diluted exhaust flow (CVS)

Upon initial installation and after major maintenance.

§ 1065.341: CVS and PFD flow verification (propane
check)

Upon initial installation, within 35 days before testing, and after
major maintenance.®

§ 1065.342 Sample dryer verification

For thermal chillers: upon installation and after major
maintenance.

For osmotic membranes; upon installation, within 35 days of
testing, and after major maintenance.

§ 1065.345: Vacuum leak

For laboratory testing: upon initial installation of the sampling
system, within 8 hours before the start of the first test interval of
each duty-cycle sequence, and after maintenance such as pre-filter
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changes.

For field testing: after each installation of the sampling system on
the vehicle, prior to the start of the field test, and after
maintenance such as pre-filter changes.

§ 1065.350: CO2 NDIR H2O interference

Upon initial installation and after major maintenance.

§ 1065.355: CO NDIR CO; and H»O interference

Upon initial installation and after major maintenance.

§ 1065.357: H>O FTIR interference

Upon initial installation and after major maintenance.

§ 1065.358: H2O LIA interference

Upon initial installation and after major maintenance.

§ 1065.360: FID calibration
THC FID optimization, and THC FID verification

Calibrate all FID analyzers: upon initial installation and after
major maintenance.

Optimize and determine CHa response for THC FID analyzers:
upon initial installation and after major maintenance.

Verify CHa response for THC FID analyzers: upon initial
installation, within 185 days before testing, and after major
maintenance.

Verify C2Hs response for THC FID analyzers if used for
NMNEHC determination: upon initial installation, within 185
days before testing, and after major maintenance.

§ 1065.362: Raw exhaust FID Oz interference

For all FID analyzers: upon initial installation, and after major
maintenance.

For THC FID analyzers: upon initial installation, after major
maintenance, and after FID optimization according to § 1065.360.

§ 1065.365: Nonmethane cutter penetration

Upon initial installation, within 185 days before testing, and after
major maintenance.

§ 1065.366: Interference verification for FTIR analyzers

Upon initial installation and after major maintenance.

§ 1065.369: H20, CO, and CO:z interference verification
for ethanol photoacoustic analyzers

Upon initial installation and after major maintenance.

§ 1065.370: CLD COz and H20 quench

Upon initial installation and after major maintenance.

§ 1065.372: NDUV HC and H20 interference

Upon initial installation and after major maintenance.

§ 1065.375: N2O analyzer interference

Upon initial installation and after major maintenance.

§ 1065.376: Chiller NOz penetration

Upon initial installation and after major maintenance.

§ 1065.377: Interference verification for NH3 analyzers

Upon initial installation and after major maintenance.

§ 1065.378: NO2-to-NO converter conversion

Upon initial installation, within 35 days before testing, and after
major maintenance.

§ 1065.390: PM balance and weighing

Independent verification: upon initial installation, within 370 days
before testing, and after major maintenance.

Zero, span, and reference sample verifications: within 12 hours of
weighing, and after major maintenance.

§ 1065.395: Inertial PM balance and weighing

Independent verification: upon initial installation, within 370 days
before testing, and after major maintenance.

Other verifications: upon initial installation and after major
maintenance.

2Perform calibrations and verifications more frequently than we specify, according to measurement system manufacturer

instructions and good engineering judgment.

YPerform linearity verification either for electrical power or for current and voltage.

“Linearity verification is not required if DEF flow rate comes directly from the ECM signal as described in § 1065.247(b).
dLinearity verification is not required if the flow signal’s accuracy is verified by carbon balance error verification as described
in § 1065.307(e)(5) or a propane check as described in § 1065.341.

°CVS and PFD flow verification (propane check) is not required for measurement systems verified by linearity verification as
described in § 1065.307 or carbon balance error verification as described in § 1065.341(h).

92. Amend § 1065.308 by revising paragraphs (b) and (g) introductory text to read as

follows:

§ 1065.308 Continuous gas analyzer system-response and updating-recording
verification—for gas analyzers not continuously compensated for other gas species.

% % % % %
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(b) Measurement principles. This test verifies that the updating and recording frequencies match
the overall system response to a rapid change in the value of concentrations at the sample probe.
Gas analyzers and their sampling systems must be optimized such that their overall response to a
rapid change in concentration is updated and recorded at an appropriate frequency to prevent loss
of information. This test also verifies that the measurement system meets a minimum response
time. You may use the results of this test to determine transformation time, #s0, for the purposes
of time alignment of continuous data in accordance with § 1065.650(c)(2)(i). You may also use
an alternative alternate-procedure to determine #so in accordance with good engineering
judgment. Note that any such procedure for determining #50 must account for both transport delay
and analyzer response time.

% % % % k

(g) Optional procedure. Instead of using a three-way valve to switch between zero and span
gases, you may use a fast-acting two-way valve to switch sampling between ambient air and span

gas at the probe inlet. For this alternative alternate-procedure, the following provisions apply:
% % % % %

93. Amend § 1065.309 by revising paragraph (b) to read as follows:

§ 1065.309 Continuous gas analyzer system-response and updating-recording
verification—for gas analyzers continuously compensated for other gas species.

% % % % %

(b) Measurement principles. This procedure verifies that the updating and recording frequencies
match the overall system response to a rapid change in the value of concentrations at the sample
probe. It indirectly verifies the time-alignment and uniform response of all the continuous gas
detectors used to generate a continuously combined/compensated concentration measurement
signal. Gas analyzer systems must be optimized such that their overall response to rapid change
in concentration is updated and recorded at an appropriate frequency to prevent loss of
information. This test also verifies that the measurement system meets a minimum response
time. For this procedure, ensure that all compensation algorithms and humidity corrections are
turned on. You may use the results of this test to determine transformation time, #so, for the
purposes of time alignment of continuous data in accordance with § 1065.650(c)(2)(i). You may
also use an alternative alternate-procedure to determine #so consistent with good engineering
judgment. Note that any such procedure for determining #s0 must account for both transport delay

and analyzer response time.
% % % % %

94. Amend § 1065.340 by revising paragraph (h)(5) to read as follows:

§ 1065.340 Diluted exhaust flow (CVS) calibration.

* % * * *

(h)* * *
(5) Set the variable restrictor to its wide-open position. Instead of a variable restrictor, you
may alternatively alternately-vary the pressure downstream of the CFV by varying blower
speed or by introducing a controlled leak. Note that some blowers have limitations on

nonloaded conditions.
£ 3 £ 3 £ 3 £ 3 £ 3
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95. Amend § 1065.342 by revising paragraph (e) to read as follows:

§ 1065.342 Sample dryer verification.

% % % % k

(e) Alternative Atternate-sample dryer verification procedure. The following method may be
used in place of the sample dryer verification procedure in (d) of this section. If you use a
humidity sensor for continuous monitoring of dewpoint at the sample dryer outlet you may skip
the performance check in § 1065.342(d), but you must make sure that the dryer outlet humidity is
at or below the minimum value used for quench, interference, and compensation checks.

96. Add § 1065.358 to subpart D before the center header “Hydrocarbon Measurements”
to read as follows:

§ 1065.358 Interference verification for H2O Laser Infrared Analyzer.
(a) Scope and frequency. 1f you measure H>O using a laser infrared analyzer, verify the amount
of interference after initial analyzer installation and after major maintenance.
(b) Measurement principles. Certain compounds can positively interfere with analyzers by
causing a response similar to HO. If the analyzer uses compensation algorithms that rely on
measurements of other gases to meet this interference verification, a correct result depends on
simultaneously conducting these other measurements to test the compensation algorithms during
the analyzer interference verification.
(c) System requirements. A H>O laser infrared analyzer must have a combined interference that
is within (0.0 + 0.4) mmol/mol, though we strongly recommend a lower interference that is
within (0.0 £+ 0.2) mmol/mol.
(d) Procedure. Perform the interference verification as follows:
(1) Start, operate, zero, and span the H>O laser infrared analyzer as you would before an
emission test.
(2) Flow a multi-component span gas that incorporates the target interference species and
meets the specifications in § 1065.750 at the analyzer inlet. Use interference span gas
concentrations that are at least as high as the maximum expected during testing.
(3) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the transfer line and account for analyzer response.
(4) Record the analyzer output for 30 seconds while it measures the sample’s concentration.
Calculate the arithmetic mean of this data. When performed with all the gases
simultaneously, this is the combined interference.
(5) The analyzer meets the interference verification if the result of paragraph (d)(4) of this
section meets the tolerance in paragraph (c) of this section.
(6) You may instead perform interference verification procedures separately for individual
interference species. The system requirement specified in paragraph (c) of this section
applies based on the sum of the interference values from separate interference species. If the
concentration of any interference species used is higher than the maximum levels expected
during testing, you may scale down each observed interference value by multiplying the
observed interference value by the ratio of the maximum expected concentration value to the
concentration in the span gas. The sum of the scaled interference values must meet the
tolerance for combined interference as specified in paragraph (c) of this section.

97. Amend § 1065.360 by revising paragraph (b) to read as follows:
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§ 1065.360 FID optimization and verification.

* * * * *

(b) Calibration. Use good engineering judgment to develop a calibration procedure, such as one
based on the FID-analyzer manufacturer’s instructions and recommended frequency for
calibrating the FID. AlternativelyAlternately, you may remove system components for off-site
calibration. For a FID that measures THC, calibrate using C3Hg calibration gases that meet the
specifications of § 1065.750. For a FID that measures CHa, calibrate using CH4 calibration gases
that meet the specifications of § 1065.750. We recommend FID analyzer zero and span gases
that contain approximately the flow-weighted mean concentration of O, expected during testing.
If you use a FID to measure CH4 downstream of a nonmethane cutter (NMC), you may calibrate
that FID using CH4 calibration gases with the NMC. Regardless of the calibration gas
composition, calibrate on a carbon number basis of one (C1). For example, if you use a C3Hg
span gas of concentration 200 umol/mol, span the FID to respond with a value of 600 umol/mol.
As another example, if you use a CH4 span gas with a concentration of 200 umol/mol, span the

FID to respond with a value of 200 pumol/mol.
* * * * *

98. Amend § 1065.390 by revising paragraph (d) introductory text to read as follows:

§ 1065.390 PM balance verifications and weighing process verification.

% % % % %

(d) Reference sample weighing. Verify all mass readings during a weighing session by weighing
reference PM sample media (e.g. filters) before and after a weighing session. A weighing session
may be as short as desired, but no longer than 80 hours, and may include both pre-test and post-
test mass readings. We recommend that weighing sessions be eight hours or less. Successive
mass determinations of each reference PM sample media (e.g., filter) must return the same value
within £540 ng or =10 % of the net PM mass expected at the standard (if known), whichever is
higher. If successive reference PM sample media (e.g. filter) weighing events fail this criterion,
invalidate all individual test media (e.g., filter) mass readings occurring between the successive
reference media (e.g., filter) mass determinations. You may reweigh these media (e.g. filter) in
another weighing session. If you invalidate a pre-test media (e.g. filter) mass determination, that

test interval is void. Perform this verification as follows:
% % % % %

99. Amend § 1065.510 by revising paragraphs (f)(3)(iii) and (h) to read as follows:

§ 1065.510 Engine mapping.

* * * * *

(f) % % %
3)* * *
(ii1) For electronically governed variable-speed engines, you may use a declared warm
high-idle speed for calculating the alternative alternate-maximum test speed as specified
in § 1065.610.
k k * * *
(h) Other mapping procedures. You may use other mapping procedures if you believe the
procedures specified in this section are unsafe or unrepresentative for your engine. Any
alternative alternate-techniques you use must satisfy the intent of the specified mapping
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procedures, which is to determine the maximum available torque at all engine speeds that occur
during a duty cycle. Identify any deviations from this section’s mapping procedures when you
submit data to us.

100. Amend § 1065.514 by revising paragraph (b) to read as follows:

§ 1065.514 Cycle-validation criteria for operation over specified duty cycles.

* * * * *

(b) Testing performed by manufacturers. Emission tests that meet the specifications of paragraph
(f) of this section satisfy the standard-setting part’s requirements for duty cycles. You may ask to
use a dynamometer or other laboratory equipment that cannot meet those specifications. We will
approve your request as long as using the alternative alternate-equipment does not adversely

affect your ability to show compliance with the applicable emission standards.
* * * * *

101. Amend § 1065.520 by revising paragraph (g)(9) to read as follows:

§ 1065.520 Pre-test verification procedures and pre-test data collection.
% % % % %

(9) If corrective action does not resolve the deficiency, you may request to use the

contaminated system as an alternative alterpate-procedure under § 1065.10.
102.  Amend § 1065.530 by:

a. Removing paragraph (b)(8);

b. Redesignating paragraphs (b)(9) — (12) as paragraphs (b)(8)-(11), respectively; and
c. Revising paragraph (c¢).

The revision reads as follows:

§ 1065.530 Emission test sequence.
% % % % %
(c) Start and run each test interval as described in this paragraph (c). The procedure varies
depending on whether the test interval is part of a discrete-mode cycle, and whether the test
interval includes engine starting. Note that the standard-setting part may apply different
requirements for running test intervals. For example, 40 CFR part 1033 specifies a different way
to perform discrete-mode testing.
(1) For steady-state discrete-mode duty cycles, start the duty cycle with the engine warmed-
up and running as described in § 1065.501(c)(2)(i). Run each mode in the sequence specified
in the standard-setting part. This will require controlling engine speed, engine load, or other
operator demand settings as specified in the standard-setting part. Simultaneously start-any
electronic-integrating-deviees; continuous data recording; and batch sampling. We
recommend that you stabilize the engine for at least 5 minutes for each mode. Once sampling
begins, sample continuously for at least 1 minute. Note that longer sample times may be
needed for accurately measuring very low emission levels.
(2) For transient and steady-state ramped-modal duty cycles that do not include engine
starting, start the test interval with the engine running as soon as practical after completing
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engine preconditioning. Simultaneously start any-eleetronie-integrating-deviees,-continuous

data recording, batch sampling, and execution of the duty cycle.

(3) If engine starting is part of the test interval, simultaneously start any-eleetronie-integrating
deviees;-continuous data recording; and batch sampling before attempting to start the engine.
Initiate the sequence of points in the duty cycle when the engine starts.

(4) For batch sampling systems, you may advance or delay the start and end of sampling at
the beginning and end of the test interval to improve the accuracy of the batch sample,

consistent with good engineering judgment.
% % % % %

103.  Amend § 1065.550 by revising paragraphs (b)(2) introductory text and (b)(3) to
read as follows:

§ 1065.550 Gas analyzer range verification and drift verification.

% % % % %
(2) Drift verification requires two sets of emission calculations. For each set of calculations,
include all the constituents in the drift verification. Calculate one set using the data before
drift correction and calculate the other set after correcting all the data for drift according to
§ 1065.672. Note that for purposes of drift verification, you must leave unaltered any
negative emission values results-over a given test interval (i.e., do not set them to zero).
These unaltered values restlts-are used when verifying either test interval values results-or
composite brake-speeifie-emissions values over the entire duty cycle for drift. For each

constituent to be verified, both sets of calculations must include the following:
% % % % %

(3) The duty cycle is verified for drift if you satisfy the following criteria:

(1) For each regulated gaseous exhaust constituent, you must satisfy one of the following:
(A) For each test interval of the duty cycle, the difference between the uncorrected
and the corrected brake-speeifie-emission values of the regulated constituent must be
within +4 % of the uncorrected value or the applicable emissions standard, whichever
is greater. Alternatively, the difference between the uncorrected and the corrected
emission mass (or mass rate) values of the regulated constituent must be within +4 %
of the uncorrected value or the composite work (or power) multiplied by the
applicable emissions standard, whichever is greater. For purposes of verifying each
test interval, you may use either the reference or actual composite work (or power).
(B) For each test interval of the duty cycle and for each mass subcomponent of the
regulated constituent, the difference between the uncorrected and the corrected brake-
speetfie-emission values must be within 4 % of the uncorrected value. Alternatively,
the difference between the uncorrected and the corrected emissions mass (or mass
rate) values must be within +4 % of the uncorrected value.

(C) For the entire duty cycle, the difference between the uncorrected and the
corrected composite brake-speetfie-emission values of the regulated constituent must
be within £4 % of the uncorrected value or applicable emission standard, whichever
1s greater.

(D) For the entire duty cycle and for each subcomponent of the regulated constituent,
the difference between the uncorrected and the corrected composite brake-speetfie
emission values must be within 4 % of the uncorrected value.
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*

(i1)) Where no emission standard applies for CO», H», O2, H>O, and NH3, you must satisfy
one of the following:
(A) For each test interval of the duty cycle, the difference between the uncorrected
and the corrected brake-speeifie-CO», Ho, O2, H20O, or NH3 values must be within =4
% of the uncorrected value; or the difference between the uncorrected and the
corrected CO2, Hz, Oz, H2O, or NH3 mass (or mass rate) values must be within +4 %
of the uncorrected value.
(B) For the entire duty cycle, the difference between the uncorrected and the
corrected composite brake-speetfie-CO-, Ho, O, H2O, or NH3 values must be within

+4 % of the uncorrected value.
£ 3 £ 3 £ 3 %k

104. Amend § 1065.610 by revising paragraph (a)(2) to read as follows:

§ 1065.610 Duty cycle generation.

*

* ok ok %

(a) % % %

*

(2) For engines with a high-speed governor that will be subject to a reference duty cycle that
specifies normalized speeds greater than 100 %, calculate an alternative alterpate-maximum
test speed, fatestalt, as specified in this paragraph (a)(2). If futestait is less than the measured
maximum test speed, fnest, determined in paragraph (a)(1) of this section, replace fntest with
frtestatt. In this case, fotestalt becomes the “maximum test speed” for that engine for all duty
cycles. Note that § 1065.510 allows you to apply an optional declared maximum test speed to
the final measured maximum test speed determined as an outcome of the comparison
between fntest, and futestale in this paragraph (a)(2). Determine fiestale as follows:

fonijidle = fnidle 4

Yo speed Jnide

Eq. 1065.610-2

f ntest,alt —

Where:

[utestale = alternative alternate-maximum test speed

Juhijidle = warm high-idle speed

fridie = warm idle speed

% speedmax = maximum normalized speed from duty cycle

Example:

Jahisidie = 2200 r/min

fridie = 800 r/min

% speedmax = 105 % (Nonroad CI Transient Cycle) = 1.05
2200 — 800

fntest,alt - T + 800

Jrtestalt = 2133 r/min

% % % %

105. Amend § 1065.640 by revising paragraphs (a), (c)(5)(iv), and (d)(1) to read as
follows:
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§ 1065.640 Flow meter calibration calculations.

* ok %k ok %

(a) Reference meter conversions. The calibration equations in this section use molar flow rate,
N.r, as a reference quantity. If your reference meter outputs a flow rate in a different quantity,
such as standard volume rate, Vyy.cr, actual volume rate, V,.ef, OF Mass rate, 1., convert your
reference meter output to a molar flow rate using the following equations, noting that while
values for volume rate, mass rate, pressure, temperature, and molar mass may change during an
emission test, you should ensure that they are as constant as practical for each individual set
point durmg a flow meter cahbratlon

A= Vstdref pstd Vactref pact ref
F=

* Ty - R Tt R Mmix
Eq. 1065.640-1

Where:
N,.¢ = reference molar flow rate.
V.irer = standard referenee-volume flow rate output by the reference flow meter at eorrected-to-a
standard pressure and a-standard temperature.
Vet = actual referenee-volume flow rate output by the reference flow meterat-the-actuat
pfessaf%aﬁd—tempefa%&r%eﬁth&ﬂew—m%e
m,.r = referenee-mass flow rate output by the reference flow meter.
pstd = standard pressure used by the reference flow meter.
Pact = actual pressure of the flow rate.
T« = standard temperature used by the reference flow meter.
R = molar gas constant.
Mmix = molar mass of the flow rate.

Example I:
Vedrer = 1000.00 ft*/min = 0.471948 m?/s
pstd =29.9213 in Hg @ 32 °F = 101.325 kPa = 101325 Pa = 101325 kg/(m-s?)
Tsta=68.0 ° F=293.15K
R = 8.314472 J/(mol-K) = 8.314472 (m*kg)/(s* mol'K)
0.471948 - 101325

Thef = 593,15 - 8.314472
Neer = 19.619 mol/s

Example 2:
Meer = 17.2683 kg/min = 287.805 g/s

Mmix = 28.7805 g/mol
287.805

et = 587805
Ner = 10.0000 mol/s
£ 3 £ 3 £ 3 £ 3 £ 3

87



(iv) For diluted exhaust and dilution air, you may assume the molar mass of the mixture,
Mix, 1s a function only of the amount of water in the dilution air or calibration air, as
follows:

Mmix = Mair + (1 —x120) + Mu20 - X120

Eq. 1065.640-9

Where:

M,ir = molar mass of dry air.

xmo = amount of H>O in the dilution air or calibration air, determined as described in
§ 1065.645.

M0 = molar mass of water.

Example:

Mair = 28.96623559 g/mol

xt20 = 0.0169 mol/mol

Mo = 18.01528 g/mol

Muix =28.96623559 - (1- 0.0169) + 18.01528 - 0.0169

Mmix = 28.781265 g/mol

% % % % %

(1) Calculate the Reynolds number, Re”, for each reference molar flow rate, 7, using the
throat diameter of the venturi, di. Because the dynamic viscosity, u, is needed to compute
Ré”, you may use your own fluid viscosity model to determine u for your calibration gas
(usually air), using good engineering judgment. Alternatively, you may use the Sutherland
three-coefficient viscosity model to approximate u, as shown in the following sample

calculation for Re:

Re# _ 4 - Mmix * Nypef
T-dy-

Eq. 1065.640-10

Where, using the Sutherland three-coefficient viscosity model as captured in Table 4 of this

section:
3
2

=0 () (755)
U= U T, T. +5

Eq. 1065.640-11

Where:

po = Sutherland reference viscosity.

To = Sutherland reference temperature.
S = Sutherland constant.
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TABLE 4 OF § 1065.640—SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS

Gas? Mo To S :?:z&eizt;zee;?:f: Pressure limit®
kg/(m-s) K K K kPa

Air 1.716-105 | 273 | 111 170 to 1900 <1800

CO, | 1.370-10° | 273 | 222 190 to 1700 <3600

H,O | 1.12:10° 350 | 1064 | 360 to 1500 < 10000

02 1.919-10° | 273 | 139 190 to 2000 <2500

N, 1.663-10° | 273 | 107 100 to 1500 <1600

aUse tabulated parameters only for the pure gases, as listed. Do not combine
parameters in calculations to calculate viscosities of gas mixtures.
"The model results are valid only for ambient conditions in the specified ranges.

Example:
uo=1.716-10" kg/(m-s)
To=273 K

S=111K

3
298.15)7 ( 273 + 111 )

_ 10-5 .
u=1716-10 ( 273 298.15 + 111
= 1.838-10° kg/(m's)

Mmix = 28.781205 g/mol = 0.028781265 kg/mol
Nper = 57.625 mol/s
di=1524mm=0.1524 m
Tn=298.15K
Rt — 4.0.028781205 - 57.625
® T314159.0.1524 - 1.838 - 10-5
Re* =17.538-10°

% % % % %

106.  Amend § 1065.642 by revising paragraphs (b) and (c) to read as follows:
§ 1065.642 PDP, SSV, and CFV molar flow rate calculations.
* * * * *
(b) SSV molar flow rate. Calculate SSV molar flow rate, n, as follows:
Ay - in
n=Cyq-Cs cP
\/Z'Mmix'R'Tin
Eq. 1065.642-3

Where:
Ca = discharge coefficient, as determined based on the Cq versus Re” equation in
§ 1065.640(d)(2).
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Cr = flow coefficient, as determined in § 1065.640(c)(3)(ii).
Ay = venturi throat cross-sectional area.

pin = static absolute pressure at the venturi inlet.

Z = compressibility factor.

Mmix = molar mass of gas mixture.

R =molar gas constant.

T'n = absolute temperature at the venturi inlet.

Example:

Ar=0.01824 m?

pin=99.132 kPa = 99132 Pa = 99132 kg/(m-s?)
Z=1

Mnix = 28.781205 g/mol = 0.028781265 kg/mol
R =8.314472 J/(mol-K) = 8.314472 (m*-kg)/(s**mol-K)
Tin=298.15K

Re" =17.232-10°

y=1.399

£=0.8

Ap=2.312 kPa

Using Eq. 1065.640-7:
rssv = 0.997

Using Eq. 1065.640-6:
Cr=0.274

Using Eq. 1065.640-5:
Ca=10.990

n=0.990-0.274 -

0.01824 - 99132

V1-0.028781205 - 8.314472 - 298.15
n = 58.067+73 mol/s

(c) CFV molar flow rate. If you use multiple venturis and you calibrate each venturi
independently to determine a separate discharge coefficient, Cq (or calibration coefficient, Kv),
for each venturi, calculate the individual molar flow rates through each venturi and sum all their
flow rates to determine CFV flow rate, n. If you use multiple venturis and you calibrated
venturis in combination, calculate 71 using the sum of the active venturi throat areas as A4, the
square root of the sum of the squares of the active venturi throat diameters as d;, and the ratio of
the venturi throat to inlet diameters as the ratio of the square root of the sum of the active venturi
throat diameters (dt) to the diameter of the common entrance to all the venturis (D).

(1) To calculate n through one venturi or one combination of venturis, use its respective

mean Cy and other constants you determined according to § 1065.640 and calculate 7 as

follows:

7'1=Cd-Cf- At Din

\/Z'Mmix'R'Tin
Eq. 1065.642-4
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Where:
Cr = flow coefficient, as determined in § 1065.640(c)(3).

Example:

Ca=0.985

Cr=0.7219

A= 0.00456 m?

pin = 98.836 kPa = 98836 Pa = 98836 kg/(m-s?)

Z=1

Mnix = 28.781205 g/mol = 0.028781265 kg/mol

R =8.314472 J/(mol-K) = 8.314472 (m*-kg)/(s>mol-K)

Iin=378.15K
0.00456 - 98836

n =0.985-0.7219 -
v/1-0.0287805 - 8.314472 - 378.15
1n = 33.68990 mol/s

(2) To calculate the molar flow rate through one venturi or a combination of venturis, you
may use its respective mean, Ky, and other constants you determined according to § 1065.640
and calculate its molar flow rate 7 during an emission test. Note that if you follow the
permissible ranges of dilution air dewpoint versus calibration air dewpoint in Table 3 of

§ 1065.640, you may set Mmix-cat and Mmix equal to 1. Calculate n as follows:

_ Kv * Pin . Pstd . V Mmix-cal
Ty Taa - R v Miix

Eq. 1065.642-5

Where:
V¥Stdref ' Tin—cal

Pin-cal
Eq. 1065.642-6

K, =

VstdreflV, qror = standard volume flow rate output by the CFV CVS flow meter at a standard
pressure and standard temperatureefthe-standard-atreference-conditions-of 29315 Kand
101.325 kPa.

Tn-cal = venturi inlet temperature during calibration.

Pinca = venturi inlet pressure during calibration.

Mmix-cal = molar mass of gas mixture used during calibration.

Mmix = molar mass of gas mixture during the emission test calculated using Eq. 1065.640-9.

Example
VerdrePstret = 0.4895 m’/s
T'n- cal — =302.52 K
Pin-cal = 99.654 kPa = 99654 Pa = 99654 kg/(m-s?)
pin = 98.836 kPa = 98836 Pa = 98836 kg/(m-s?)
psta = 101.325 kPa = 101325 Pa = 101325 kg/(ms?)
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Mix-cal = 28.9656 g/mol = 0.0289656 kg/mol
Mmix = 28.781205 g/mol = 0.028781265 kg/mol

Tin=353.15K
Taa=293.15K
R =8.314472 J/(mol‘K) = 8.314472 (m*kg)/(s>molK)
0.4895 - v/302.52 m* - s - K05
K, = 59654 = 0.000074954 —
. _ 0000074954 - 98936 101325 1/0.0289656

V353.15 1293.15- 8314472 1/0.0287812
n=16.4567 mol/s

107. Amend § 1065.643 by revising paragraph (b) introductory text to read as follows:

§ 1065.643 Carbon balance error verification calculations.

* * * * *

(b) Intake air. Calculate the mass of carbon in the intake air, mcair, for each test interval using
one of the methods in this paragraph (b). The methods are listed in order of preference. Use the
first method where all the inputs are available for your test configuration. For methods that
calculate mcair based on the amount of CO: per mole of intake air, we recommend measuring
intake air concentration, but you may calculate xcozint using Eq. 1065.655-10 and letting xco2intdry
= 375428 pmol/mol.

% % % % %

108. Amend § 1065.650 by revising paragraphs (d)(6) and (e)(2) to read as follows:

§ 1065.650 Emission calculations.
* * * * *
(6) Set all power values to zero during idle periods with a corresponding denormalized

reference torque of 0 N-m.
* * * * *

(e)* * *
(2) To calculate an engine’s mean steady-state total power, P, add the mean steady-state
power from all the work paths described in § 1065.210 that cross the system boundary
including electrical power, mechanical shaft power, and fluid pumping power. For all work
paths, except the engine’s primary output shaft (crankshaft), the mean steady-state power
over the test interval is the integration of the net work flow rate (power) out of the system
boundary divided by the period of the test interval. When power flows into the system
boundary, the power/work flow rate signal becomes negative; in this case, include these
negative power/work rate values in the integration to calculate the mean power from that
work path. Some work paths may result in a negative mean power. Include negative mean
power values from any work path in the mean total power from the engine rather than setting
these values to zero. The rest of this paragraph (e)(2) describes how to calculate the mean
power from the engine’s primary output shaft. Calculate P using Eq. 1065.650-143, noting
that P, f;,, and T refer to mean power, mean rotational shaft frequency, and mean torque from
the primary output shaft. Account for the power of simulated accessories according to
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§ 1065.110 (reducing the mean primary output shaft power or torque by the accessory power
or torque). Set the power to zero during actual motoring operation (negative feedback
torques), unless the engine was connected to one or more energy storage devices. Examples
of such energy storage devices include hybrid powertrain batteries and hydraulic
accumulators, like the ones denoted “Acc.” and “Batt.” as illustrated in Figure 1 of

§ 1065.210. Set the power to zero for modes with a zero reference load (0 N-m reference
torque or 0 kW reference power). Include power during idle modes with simulated minimum
torque or power.

P= fn -T

Eq. 1065.650-14

% % % % %

109. Amend § 1065.655 by revising paragraphs (¢)(3) and (e)(1)(i) to read as follows:

§ 1065.655 Carbon-based chemical balances of fuel, DEF, intake air, and exhaust.

* * * * *

(C) % % %
(3) Use the following symbols and subscripts in the equations for performing the chemical
balance calculations in this paragraph (c):
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TABLE 1 OF § 1065.655—SYMBOLS AND SUBSCRIPTS FOR CHEMICAL BALANCE EQUATIONS

Xdil/exh amount of dilution gas or excess air per mole of exhaust

XH20exh amount of H,O in exhaust per mole of exhaust

XCcombdry amount of carbon from fuel and any injected fluids in the exhaust per mole of dry
exhaust

XH2dry amount of H; in exhaust per amount of dry exhaust

K20gas water-gas reaction equilibrium coefficient; you may use 3.5 or calculate your own
value using good engineering judgment

XH20exhdry amount of H,O in exhaust per dry mole of dry exhaust

Xprod/intdry amount of dry stoichiometric products per dry mole of intake air

Xdil/exhdry amount of dilution gas and/or excess air per mole of dry exhaust

Xint/exhdry amount of intake air required to produce actual combustion products per mole of
dry (raw or diluted) exhaust

Xraw/exhdry amount of undiluted exhaust, without excess air, per mole of dry (raw or diluted)
exhaust

XO2int amount of intake air O, per mole of intake air

XCO2intdry amount of intake air CO; per mole of dry intake air; you may use xcozintdry = 375
428 umol/mol, but we recommend measuring the actual concentration in the
intake air

XH20intdry amount of intake air H>O per mole of dry intake air

Xco2int amount of intake air CO;, per mole of intake air

Xco2dil amount of dilution gas CO, per mole of dilution gas

XCo2dildry amount of dilution gas CO, per mole of dry dilution gas; if you use air as diluent,
you may use Xcoadildry = 375428 umol/mol, but we recommend measuring the
actual concentration in the intake air

XH20dildry amount of dilution gas H,O per mole of dry dilution gas

XH20dil amount of dilution gas H,O per mole of dilution gas

X[emission]meas

amount of measured emission in the sample at the respective gas analyzer

X[emission]dry

amount of emission per dry mole of dry sample

XH20[emission]meas

amount of H,O in sample at emission-detection location; measure or estimate
these values according to § 1065.145(e)(2)

XH20int amount of H,O in the intake air, based on a humidity measurement of intake air

a atomic hydrogen-to-carbon ratio of the fuel (or mixture of test fuels) and any
injected fluids

s atomic oxygen-to-carbon ratio of the fuel (or mixture of test fuels) and any
injected fluids

y atomic sulfur-to-carbon ratio of the fuel (or mixture of test fuels) and any injected
fluids

) atomic nitrogen-to-carbon ratio of the fuel (or mixture of test fuels) and any

injected fluids

% % % %

(e) * * *

(1) Determine the carbon and hydrogen mass fractions according to ASTM D5291

(incorporated by reference, see § 1065.1010). When using ASTM D5291 to determine
carbon and hydrogen mass fractions of gasoline (with or without blended ethanol), use

good engineering judgment to adapt the method as appropriate. This may include

consulting with the instrument manufacturer on how to test high-volatility fuels. Allow
the weight of volatile fuel samples to stabilize for 20 minutes before starting the analysis
if the weight still drifts after 20 minutes, prepare a new sample). Retest the sample if the
carbon, hydrogen, oxygen, sulfur, and nitrogen mass fractions do not add up to a total
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mass of 100 £0.5 %; you may assume oxygen has a zero mass contribution for this
specification for diesel fuel and neat (EO) gasoline. You may not normalize your mass
fraction results to total 100 %. You may also assume that sulfur and nitrogen have a zero

mass contribution for this specification for all fuels except residual fuel blends.
% % % % %

110.  Amend § 1065.656 by revising entries for “xCO2intdry” and “xCO2dildry” in
Table 1 to paragraph (c)(3) to read as follows:

§ 1065.656 Hydrogen-based chemical balances of fuel, DEF, intake air, and exhaust.
% % % % k
(C) * * *

TABLE 1 TO PARAGRAPH (c)(3) OF § 1065.656—SYMBOLS AND SUBSCRIPTS FOR CHEMICAL
BALANCE EQUATIONS

* * * * * * *

XCO2intdry amount of intake air CO; per mole of dry intake air; you may use xcozinwdry = 428 375
umol/mol, but we recommend measuring the actual concentration in the intake air.

* * * * * * *

Xco2dildry Amount of dilution gas CO; per mole of dry dilution gas; if you use air as diluent, you
may use xcozdildry = 428 375-pumol/mol, but we recommend measuring the actual
concentration in the dilution gas.

111.  Amend § 1065.672 by revising paragraph (d)(7) to read as follows:

§ 1065.672 Drift correction.

% % % % %

(d* * *
(7) Usually the reference concentration of the zero gas, Xrefzero, 1S ZE€T0: Xrefzero = 0 pmol/mol.
However, in some cases you might know that xrefzero has a non-zero concentration. For
example, if you zero a CO; analyzer using ambient air, you may use the default ambient air
concentration of CO», which is 428375 pumol/mol. In this case, Xrefzero = 428375 pmol/mol.
Note that when you zero an analyzer using a non-zero Xrefzero, you must set the analyzer to
output the actual Xrefrero concentration. For example, if Xretzero = 428375 umol/mol, set the
analyzer to output a value of 428375 umol/mol when the zero gas is flowing to the analyzer.

112.  Amend § 1065.695 by revising paragraphs (a), (c)(1) introductory text, and
(c)(11)(i1) to read as follows:

§ 1065.695 Data requirements.

(a) To determine the information we require from engine tests, refer to the standard-setting part
and request from your EPA Program Officer the format used to apply for certification or
demonstrate compliance. We may require different information for different purposes, such as
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for certification applications, approval requests for alternative alternate-procedures, selective

enforcement audits, laboratory audits, production-line test reports, and field-test reports.
% % % % %

(c)* * *

(1) What approved alternative alternate-procedures did you use? For example:
% %k %k %k %

(i1) Alternative Adternate-fuel.

% % % % %

113.  Amend § 1065.701 by revising paragraphs (b) and (f) to read as follows:

§ 1065.701 General requirements for test fuels.

* * * * *

(b) Fuels meeting alternative elternate-specifications. We may allow you to use a different test
fuel (such as California LEV III gasoline) if it does not affect your ability to show that your
engines would comply with all applicable emission standards in this chapter using the test fuel
specified in this subpart.

% % % % %

(f) Service accumulation and field testing fuels. If we do not specify a service-accumulation or
field-testing fuel in the standard-setting part, use an appropriate commercially available fuel such
as those meeting minimum specifications from the following table:

TABLE 1 OF § 1065.701-EXAMPLES OF SERVICE-ACCUMULATION AND FIELD-TESTING FUELS

Fuel category Subcategory Reference procedure®
Lllght dlstlllate and light blends ASTM D975
Diesel Wl.t h res@ua}l
Middle distillate ASTM D6985
Biodiesel (B100) ASTM D6751
Intermediate and residual fuel All See § 1065.705
Automotive gasoline ASTM D4814
Gasoline Automotlv'e gasoline with ethanol ASTM D4814
concentration up to 10 volume %.
Alcohol Ethanol (E51-83) ASTM D5798
Methanol (M70-M85) ASTM D5797
Aviation gasoline ASTM D910
Aviation fuel Gas turbine ASTM D1655
Jet B wide cut ASTM D6615
Gas turbine fuel General ASTM D2880

neorporated-by-referencersec-$H0634010-

114.  Amend § 1065.715 by revising paragraph (b)(2) to read as follows:

§ 1065.715 Natural gas.

% % % % %
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*

(2) You may use fuel meeting alternative alternate-specifications if the standard-setting part

allows it.
%k * %k *

115.  Amend § 1065.720 by revising paragraph (b)(2) to read as follows:

§ 1065.720 Liquefied petroleum gas.

% %k %k %k ok
(2) You may use fuel meeting alternative alternate-specifications if the standard-setting part
allows it.

% %k %k %k %

*

116. Amend § 1065.750 by revising paragraph (a)(6) introductory text to read as
follows:

§ 1065.750 Analytical gases.
*

* ok 3k

(a) % % %

*

(6) If you measure H>O using an FTIR or laser infrared analyzer, generate H>O calibration
gases with a humidity generator using one of the options in this paragraph (a)(6). Use good
engineering judgment to prevent condensation in the transfer lines, fittings, or valves from
the humidity generator to the EFHR-analyzer. Design your system so the wall temperatures in
the transfer lines, fittings, and valves from the point where the mole fraction of H>O in the
humidified calibration gas, xm2oref, s measured to the analyzer are at a temperature of (110 to
202) °C. Calibrate the humidity generator upon initial installation, within 370 days before
verifying the H2O measurement of the analyzerEHR, and after major maintenance. Use the
uncertainties from the calibration of the humidity generator’s measurements and follow NIST
Technical Note 1297 (incorporated by reference, see § 1065.1010) to verify that the amount
of H>O in the calibration gas, xm2oref, 1S determined within +3 % uncertainty, Uxuo. If the
humidity generator requires assembly before use, after assembly follow the instrument
manufacturer’s instructions to check for leaks. You may generate the H>O calibration gas

using one of the following options:
* * * *

117.  Amend § 1065.920 by revising paragraph (b)(6)(ii) to read as follows:

§ 1065.920 PEMS calibrations and verifications.

*

% % % %

(i1) The entire set of test-interval results passes the 95 % confidence alternativealternate-
procedure statistics for field testing (z-test and F-test) specified in § 1065.12.

118.  Amend § 1065.935 by revising paragraphs (c), (d)(2), and (g)(4)(ii); and (5) to
read as follows:
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§ 1065.935 Emission test sequence for field testing.
ok ok % %

(c) Start testlng as follows:
(1) :

2)-If the engine is already running and warmed up and starting is not part of field testing,
start the field test by simultaneously starting to sample exhaust, record engine and ambient
data, and integrate measured values using a PEMS.
(23) If engine starting is part of field testing, start field testing by simultaneously starting to
sample from the exhaust system, record engine and ambient data, and integrate measured
values using a PEMS. Then start the engine.

(d* * *
(2) Between each test interval, zero-erre-zero-any-electronic-integrating devices;and-reset

batch storage media; as needed.
% % % % %

(i1) Invalidate any data that does not meet the drift criterion in § 1065.550. For HC,
invalidate any data if the difference between the uncorrected and the corrected brake-
specific HC emission values are not within £10 % of the uncorrected results or the
apphcable standard whichever i is greater. —Fer—data—tha{—dees—meet—th%drrft—eﬂteﬂen

(5) Verify PEMS gas analyzers used to determine bin emission values as follows:
(1) For analyzer outputs exceeding 100 % of the selected gas analyzer range, calculate
emission results using the reported value. Invalidate data frem-a-whele-shift-day-if more
than 1 % of recorded 1 Hz data used to determine bin emission values exceeds 100 % of
the selected gas analyzer range. For NOx or CO», invalidate data from the entire shift-day

for all pollutants, and retest the engine. For other pollutants, invalidate data from the

entlre shift-day, but only for the affected gas analyzer Retest the engine if the standard-

met:
(11) Verity drift for CO and HC as described in § 1065.550(b)(3)(1)(A) and verify drift for
CO as described in § 1065.550(b)(3)(11)(A). Verify drift for CO, CO,, and HC bin testing

based on the interval between analyzer verifications. For CO and CO», invalidate data for

periods in which the respective analyzer does not meet the drift criterion in § 1065.550.

For HC, invalidate data if the difference between the uncorrected and the corrected brake-

speettie-HC emission values are not within 10 % of the uncorrected results or the

apphcable standard whlchever is greater. —Fer—da%a—tha{—de—meet—the—dﬁft—eﬁteﬁen—eeﬁeet
ATA

(ii1) For PEMS NOx analyzers used to determine bin emission values, do not apply the

drift verification criteria specified in § 1065.550. Ilinvalidate data for all pollutants the
engine-over the entire shift-day if the NOx analyzer doesany-data-de not meet the

following drift limits-instead-of meeting-the-drift-eriteria-speeifiedin-§1065-550:
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(A) The allowable analyzer zero-drift between successive zero verifications is £2.5
ppm. The analyzer zero-drift limit over the shift-day is +10 ppm.
(B) The allowable analyzer span-drift limit between successive span verifications is

+4 % of the measured span_gas value preceding the interval-between-sueeessive-span

* ok %k ok %

119.  Amend § 1065.940 by revising paragraph (a) to read as follows:

§ 1065.940 Emission calculations.
(a) Perform emission calculations as described in § 1065.650 to calculate-brake-speeifie
emissions for each test interval using any applicable information and instructions in the standard-

setting part.
* * * * *

120. Amend § 1065.1001 by:

a. Removing the definition of “Alternate procedures”;

b. Adding the definitions of “Alternative procedures” and “Gas analyzer range” in alphabetical order; and
c. Revising the definitions of “Oxygenated fuels” and “Span”.

The additions and revisions read as follows:

§ 1065.1001 Definitions.

* ok ok ok %k

Atternate-Alternative procedures means procedures allowed under § 1065.10(c)(7).

% % % % %

Gas analyzer range means the lesser of the following values:
(1) 103 % of the highest point on the linearity verification.
(2) Span eas value divided by 0.75.

* * * * *

Oxygenated fuels means fuels composed of at least 25 % oxygen-containing compounds by
volume, such as ethanol or methanol. Testing engines that use oxygenated fuels generally
requires the use of the sampling methods in subpart I of this part. However, you should read the
standard-setting part and subpart I of this part to determine appropriate sampling methods.

* * * * *

Span means to adjust an instrument so that it gives a proper response to a calibration standard
that represents between 75 % and 100 % of the range ofmaximum-valuein the instrument range
or expected range of use.

% % % % %
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121.  Amend § 1065.1005 by revising the entry for “test,alt” in Table 5 in paragraph (e)
to read as follows:

§ 1065.1005 Symbols, abbreviations, acronyms, and units of measure.
ok ok % %

(e) % % %

TABLE 5 OF § 1065.1005—SUBSCRIPTS

Subscript [Meaning
® ok ok %k ok ok K

test,alt |a3rtema{ealtemative test quantity.
* ok ok ok ok x Xk

* ok ok ok %

122.  Amend § 1065.1010 by revising paragraphs (a) and (b) to read as follows:

§ 1065.1010 Incorporation by reference.
Certain material is incorporated by reference into this part with the approval of the Director of
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than
that specified in this section, EPA must publish a document in the Federal Register and the
material must be available to the public. All approved incorporation by reference (IBR) material
is available for inspection at EPA and at the National Archives and Records Administration
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WIC West Building,
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202)
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations-ht#i or email fr.inspection(@nara.gov. The material may be obtained
from the following sources:
(a) ASTM material—Thefolowing standards-are-availablefremlinternational (ASTM). ASTM
International, 100 Barr Harbor Dr., P.O. Box C700, West Conshohocken, PA 19428-2959877H
909-ASTM;; (610) 832-9585:-o¢ AttpAwww.astm.org:.
(1) ASTM D86-23ae242, Standard Test Method for Distillation of Petroleum Products and
Liquid Fuels at Atmospheric Pressure, approved December 1, 20422023 (“ASTM D86>);):;
IBR approved for §§ 1065.703(byanrd); 1065.710(b) and (c).
(2) ASTM D93-26143, Standard Test Methods for Flash Point by Pensky-Martens Closed Cup
Tester, approved March 1, 2026Fuby15;-2643 (“ASTM D932);); IBR approved for
§ 1065.703(b).
(3) ASTM D130-2642, Standard Test Method for Corrosiveness to Copper from Petroleum
Products by Copper Strip Test, approved Nevember-March 1, 202642 (“ASTM D130>;);
IBR approved for § 1065.710(b).
(4) ASTM D381-25+2, Standard Test Method for Gum Content in Fuels by Jet Evaporation,
approved April 15, 202542 (“*ASTM D3812);); IBR approved for § 1065.710(b).
(5) ASTM D445-1224, Standard Test Method for Kinematic Viscosity of Transparent and
Opaque Liquids (and Calculation of Dynamic Viscosityy;): approved April 4526421, 2024
(“*ASTM D445%);); IBR approved for § 1065.703(b).
(6) ASTM D525-12a (Reapproved 2025), Standard Test Method for Oxidation Stability of
Gasoline (Induction Period Method);); approved September-December 1, 202542 (“ASTM
D525%);); IBR approved for § 1065.710(b).
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(7) ASTM D613-1325a, Standard Test Method for Cetane Number of Diesel Fuel Oil,
approved PBeeemberNovember 1, 26432025 (“ASTM D613>),); IBR approved for
§ 1065 703(b)

(#68) ASTM D1267-2342, Standard Test Method for Gage Vapor Pressure of Liquefied
Petroleum (LP) Gases (LP-Gas Method), approved NevemberMarch 1, 202312 (“ASTM
D1267%);): IBR approved for § 1065.720(a).

(9H) ASTM D1319-1320a, Standard Test Method for Hydrocarbon Types in Liquid
Petroleum Products by Fluorescent Indicator Adsorption, approved MayAugust 1, 26432020
(“ASTM D13 19%—)_z IBR approved for § 1065 710(0)

(104) ASTM D1838 214—2& Standard Test Method for Copper Strlp Corrosron by L1queﬁed
Petroleum (LP) Gases, approved Beeember-July 1, 202142 (“ASTM D1838%);); IBR
approved for § 1065.720(a).

(115) ASTM D1945-2503(Reapproved20+0), Standard Test Method for Analysis of Natural
Gas by Gas Chromatography, approved Jantary-August 1, 202548 (“ASTM D19452),); IBR
approved for § 1065.715(a).

(126) ASTM D2158-H21, Standard Test Method for Residues in Liquefied Petroleum (LP)
Gases, approved Januwary-July 1, 2021H (“ASTM D2158%);); IBR approved for

§ 1065.720(a).

(137) ASTM D2163-6723¢1, Standard Test Method for Determination of Hydrocarbons in
Liquefied Petroleum (LP) Gases and Propane/Propene Mixtures by Gas Chromatography,
approved DeeemberMarch 1, 20072023 (“ASTM D2163%);); IBR approved for

§ 1065.720(a).

(148) ASTM D2598-2142, Standard Practice for Calculation of Certain Physical Properties
of Liquefied Petroleum (LP) Gases from Compositional Analysis, approved Nevember-April
1,202142 (“ASTM D25982);); IBR approved for § 1065.720(a).

(159) ASTM D2622-+624, Standard Test Method for Sulfur in Petroleum Products by
Wavelength Dispersive X-ray Fluorescence Spectrometry, approved JanuaryJuly 1,
20462024 (“ASTM D2622%);); IBR approved for §§ 1065.703(by-and); 1065. 710(b) and (c).
(1620) ASTM D2699-13b25, Standard Test Method for Research Octane Number of Spark-
Ignition Engine Fuel, approved Oeteber-November 1, 202543 (“ASTM D2699>);); IBR
approved for § 1065.710(b).

(172+) ASTM D2700-2643b, Standard Test Method for Motor Octane Number of Spark-
Ignition Engine Fuel, approved May 1, 20260eteber1;2043 (“ASTM D2700>);); IBR
approved for § 1065.710(b).

(1822) ASTM D2713-2443, Standard Test Method for Dryness of Propane (Valve Freeze
Method) approved October 1, 2024143 (‘—‘ASTM D2713%—)_1 IBR approved for § 1065. 720(a)
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(1924) ASTM D2986-95a (Reapproved 1999), Standard Practice for Evaluation of Air Assay
Media by the Monodisperse DOP (Dioctyl Phthalate) Smoke Test, approved September 10,
1995 (*ASTM D2986%);): IBR approved for § 1065.170(c). (Note: This standard was
withdrawn by ASTM.)

(205) ASTM D3231-2543, Standard Test Method for Phosphorus in Gasoline, approved June
+5;20483March 1, 2024 (“ASTM D32312),); IBR approved for § 1065.710(b) and (c).

(216) ASTM D3237-4222, Standard Test Method for Lead in Gasoline By Atomic
Absorption Spectroscopy, approved May 1, 2025Fane+2642 (“ASTM D32372);); IBR
approved for § 1065.710(b) and (c).

(227) ASTM D4052-H22, Standard Test Method for Density, Relative Density, and API
Gravity of Liquids by Digital Density Meter, approved Oetober15, 200 May 1, 2022
(*ASTM D4052%);); IBR approved for § 1065.703(b).

(238) ASTM D4629-1224, Standard Test Method for Trace Nitrogen in Liquid Petroleum
Hydrocarbons by Syringe/Inlet Oxidative Combustion and Chemiluminescence Detection,
approved Aprit5:-20420ctober 1, 2024 (“ASTM D4629~2);); IBR approved for

§ 1065 655(e)

(24%9) ASTM D4815 4—322 Standard Test Method for Determmatlon of MTBE ETBE
TAME, DIPE, tertiary-Amyl Alcohol and C; to C4 Alcohols in Gasoline by Gas
Chromatography, approved OeteberApril 1, 202243 (“ASTM D4815%);); IBR approved for
§ 1065.710(b).

(2531) ASTM D5186-03-Reapproved-2009);24, Standard Test Method for Determination of
the Aromatic Content and Polynuclear Aromatic Content of Diesel Fuels and-A-viation
Turbine-Fuels-By Supercritical Fluid Chromatography, approved AprH15;-2009July 1, 2024
(*ASTM D51862);); IBR approved for § 1065.703(b).

(2632) ASTM D5191-4322, Standard Test Method for Vapor Pressure of Petroleum Products
and Liquid Fuels (Mini Method), approved DeeemberJuly 1, 26432022 (“ASTM D5191>;);
IBR approved for § 1065.710(b) and (c).

(2733) ASTM D5291-4926, Standard Test Methods for Instrumental Determination of
Carbon, Hydrogen, and Nitrogen in Petroleum Products and Lubricants, approved May+
2040March 1, 2026 (“ASTM D52913;): IBR approved for § 1065.655(e).

(2834) ASTM D5453-25494a-, Standard Test Method for Determination of Total Sulfur in
Light Hydrocarbons, Spark Ignition Engine Fuel, Diesel Engine Fuel, and Engine Oil by
Ultraviolet Fluorescence, approved July 1, 202549 (“ASTM D5453%);); IBR approved for

§§ 1065.703(byand); 1065.710(b).

(2935) ASTM D5599-00-(Reapproved2040);22, Standard Test Method for Determination of
Oxygenates in Gasoline by Gas Chromatography and Oxygen Selective Flame lonization
Detection, approved OeteberApril 1, 20402022 (“ASTM D55992);); IBR approved for

§§ 1065.655(eyand); 1065.710(b).

(306) ASTM D5762-12-24 Standard Test Method for Nitrogen in Petroleum and Petroleum
Products by Boat-Inlet Chemiluminescence, approved AprH-July 15, 202442 (“ASTM
D57627);); IBR approved for § 1065.655(e).

(31%) ASTM D5769-1025, Standard Test Method for Determination of Benzene, Toluene,
and Total Aromatics in Finished Gasolines by Gas Chromatography/Mass Spectrometry,
approved October 1, 2025May12040 (“FASTM D57692)); IBR approved for § 1065.710(b).
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(3240) ASTM D6348-12 (Reapproved 2020)#*, Standard Test Method for Determination of
Gaseous Compounds by Extractive Direct Interface Fourier Transform Infrared (FTIR)
Spectroscopy, approved Eebraary-December 1, 202042 (“ASTM D6348%);); IBR approved
for §§ 1065.257(b);): 1065.266(c);); 1065.275(b);-and); 1065.277(b).

(334+) ASTM D6550-2548, Standard Test Method for Determination of Olefin Content of
Gasolines by Supercritical-Fluid Chromatography, approved October 1, 202540 (“ASTM
D6550%—1I IBR approved for § 1065. 710(b)

(3443) ASTM D6667 M—é}%e&ppreved—il@@};& Standard Test Method for Deterrnlnatlon of
Total Volatile Sulfur in Gaseous Hydrocarbons and Liquefied Petroleum Gases by
Ultraviolet Fluorescence, approved MayApril 1, 26492021 (“ASTM D66672);): IBR
approved for § 1065. 720(a)

(3546) ASTM D7039-241+5a(Reapproved2020), Standard Test Method for Sulfur in
Gasoline, Diesel Fuel, Jet Fuel, Kerosine, Biodiesel, Biodiesel Blends, and Gasoline-Ethanol
Blends by Monochromatic Wavelength Dispersive X-ray Fluorescence Spectrometry,
approved May-December 1, 202468 (“ASTM D7039%);); IBR approved for §§ 1065.703(b)
and); 1065.710(b).

“4#(36) ASTM E178-21, Standard Practice for Dealing With Outlying Observations,

approved June 1, 2021 (ASTM E178); IBR approved for § 1065.1121(d).

(37) ASTM F1471-09, Standard Test Method for Air Cleaning Performance of a High-
Efficiency Particulate Air Filter System, approved March 1, 2009 (“ASTM F14712);); IBR
approved for § 1065.1001. (Note: This standard was wrthdrawn by ASTM.)

(b) California Air Resources Board-materiat. The-folowing-documents-are-avatlable from-the

California Air Resources Board, Southern California Headquarters — Mary D. Nichols Campus,

4001 Towa Avenue, Riverside, CA 92507:Haagen-SmitLaberatory; 9528 Telstar AveEl
Mente;- CA-H1731-2908; (800) 242-4450;-ex Attp-#www.arb.ca.gov.:

*

(1) California Non-Methane Organic Gas Test Procedures, Amended July 30, 2002, Mobile
Source Division, California Air Resources Board;-; IBR approved for § 1065.805(f).
(2) [Reserved]

% % % %

123. Add § 1065.1102 to subpart L before the center header “Semi-Volatile Organic
Compounds” to read as follows:
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§ 1065.1102 Calibrations and verifications.

(a) Subsystem calibrations and verifications. Use all the applicable calibrations and verifications

in subpart D of this part, including the linearity verifications in § 1065.307. to calibrate and

verify each measurement system listed in Table 1 of this section, for the procedures in this

subpart L. This section does not apply to systems used to gather data to inform accelerated

aftertreatment aging processes.

(b) Performance criteria for measurement systems. Table 1 follows:

TABLE 1 OF § 1065.1102—SUBPART L MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY

VERIFICATION
Measurement Applicable section Recommended Use Lm.ear‘lty
system method criteria
Vanadium Catalyst inlet Catalyst aging
. . S . g
Sublimation gas temperature §1065.1117(b) Thermocouple temperature
y Catalyst aging
Catalyst bed § 1065.1117(b) Thermocouple Catalyst agin a
temperature temperature
. ; ]
Individual gas § 1065.1117(a)(1) Mass flow meter C(.)ntrol of inlet gas a
flow rates mixture
Verification of 159 of
Total flow rate § 1065.1117(a)(2) Mass flow meter catalyst space ﬁ
velocity tateel
Gas analyzer § 1065.1117(2)(2) Gas analytical Verification of inlet 2
performance : system conditions
. a
Sample weights | § 1065.1121(a)(1) Balance ICP sample mass S l? [Hss a
determination
Thermal Catalyst inlet Catalyst agin
Jhermal ataly yst aging a
Reactivity gas temperature $1063.1137(e)(2) Thermocouple temperature
Coefficient Catalyst bed Catalyst agin
a
Gas Stand 2L eE § 1065.1137(c)(2) Thermocouple ~alalystaging a
—_— temperature temperature
Individual gas § 1065.1137(c)(2) Mass flow meter C(.)ntrol of inlet gas a
flow rates mixture
Verification of +5 0, of
Total flow rate § 1065.1137(c)(2) Mass flow meter catalyst space ===
target

velocity

Gas analyzer

§ 1065.1137(c)(2)

Gas analytical

Verification of inlet

Engine-Based
Aging Stand

performance system conditions

§ 1065.1141 Air flow + fuel Initial Cycle a
riif?izﬁ flow | <5065.1145()(1)G) | flow Development
aftertreatment 1065.1141 Direct Initial Cycle .
- § 1065.1145(a)(1)(1) measurement Development
Bulk Oil 1065.1141 Good engineering Initial Cycle

Consumption

§ 1065.1145(a)(1)(1)
§ 1065.1145(e)(2)

judgement

Development and
Cycle Validation

Volatile Oil
Consumption

§ 1065.1141(1)
§ 1065.1145(a)(1)(1)

Mass flow meter

Initial Cycle
Development and

§ 1065.1145(e)(2)

Cycle Validation

Secondary Oil

§ 1065.1141(h)

Exposure

§ 1065.1145(e)(2)(ii)

DPF weights

Cycle Validation
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Sulfur Exposure

§ 1065.1141()
§ 1065.1145(e)(2)(iii)

Mass flow meter

Cycle Validation

Exposure

§ 1065.1145(e)(2)(ii)

(choose one § 1065.1141(k)
. o .
method) $ 1065.1145(e)(2)ii) Mass flow meter Cycle Validation
Burner-Based | Exhaustflow | ¢ 045 143 Direct Initial Cycle
Aging Stand Iate fo § 1065.1145(a)(2)(1) measurement Development :
aftertreatment - 4 Zevelopmertt
Bulk Oil § 1065.1143(d) Initial Cycle
anm tion § 1065.1145(a)(2)(1) DPF weights Development and a
~ONSUMPHOR | 5 1065.1145(e)(2) Cycle Validation
. . § 1065.1143(e) Initial Cycle
%ﬁ?iﬂ)n § 1065.1145(a)(2)(1) DPF weights Development and a
~ONSUMPHOR | 6 1065.1145(e)(2) Cycle Validation
Secondary Oil § 1065.1143(d) DPF weights Cycle Validation a

Sulfur Exposure
(choose one
method)

§ 1065.1143(i)
§ 1065.1145(e)(2)(iii)

Mass flow meter

Cycle Validation

§ 1065.1145(e)(2)(iii)

Mass flow meter

Cycle Validation

Aging Bench

Catalyst inlet
gas temperature

§ 1065.1153(a)

Thermocouple

Catalyst agin
temperature

Catalyst bed

§ 1065.1153(c)

temperature

§ 1065.1155(f)

Thermocouple

Catalyst agin
temperature

Individual gas

§ 1065.1153(a)

flow rates

§ 1065.1153(b)

Mass flow meter

Control of inlet gas

mixture

Total flow rate

§ 1065.1153(b)
1065.1155(h

Mass flow meter

Verification of
catalyst space

velocity

+5 % of

target

2 See Table 1 of § 1065.307 for linearity criteria.

124.

§ 1065.1115 Reactor design and setup.
Vanadium measurements rely on a reactor that adsorbs sublimation vapors of vanadium onto an
alumina capture bed with high surface area.

(a) Configure the reactor with the alumina capture bed downstream of the catalyst in the

Revise and republish § 1065.1115 to read as follows:

reactor’s hot zone to adsorb vanadium vapors at high temperature. You may use quartz beads
upstream of the catalyst to help stabilize reactor gas temperatures. Select an alumina material and
design the reactor to minimize sintering of the alumina. For a 1-inch diameter reactor, use 4 to 5
g of 1/8 inch extrudates or -14/+24 mesh (approximately 0.7 to 1.4 mm) gamma alumina (such as
Alfa Aesar, aluminum oxide, gamma, catalyst support, high surface area, bimodal). Position the
alumina downstream from either an equivalent amount of -14/+24 mesh catalyst sample or an
approximately 1-inch diameter by 1-inch to 3-inch--long catalyst-coated monolith sample cored
from the production-intent vanadium catalyst substrate. Separate the alumina from the catalyst
with a 0.2 to 0.4 g plug of quartz wool. Place a short 4 g plug of quartz wool downstream of the

alumina to maintain the position of that bed. Use good engineering judgment to adjust as

appropriate for reactors of different sizes.
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(b) Include the quartz wool with the capture bed to measure vanadium content. We recommend
analyzing the downstream quartz wool separately from the alumina to see if the alumina fails to
capture some residual vanadium.

(c) Configure the reactor such that both the sample and capture beds are in the reactor’s hot zone.
Design the reactor to maintain similar temperatures in the capture bed and catalyst. Monitor the
catalyst and alumina temperatures with Type K thermocouples inserted into a thermocouple well
that is in contact with the catalyst sample bed.

(d) You may include an ammonia slip catalyst as part of the catalyst-coated monolith sample if it
is part of the production aftertreatment system. Size the ammonia slip catalyst based on its
volume ratio to the vanadium catalyst and locate it in the reactor heated zone. Ensure that the
ratio of the vanadium catalyst core volume to ammonia slip catalyst core volume is consistent
with the highest production system volume ratio of vanadium to ammonia slip catalyst you
expect. You may use a small amount of quartz wool between the vanadium and ammonia slip
catalysts to address catalyst core alignment. You may exceed the 3-inch maximum core length
in paragraph (a) of this section by up to 3 inches.

(ele) If there is a risk that the quartz wool and capture bed are not able to collect all the vanadium,
configure the reactor with an additional capture bed and quartz wool plug just outside the hot
zone and analyze the additional capture bed and quartz wool separately.

(ef) An example of a catalyst-coated monolith and capture bed arrangement in the reactor tube
are shown in the following figure:

FIGURE 1 TO PARAGRAPH (ef) OF § 1065.1115— EXAMPLE OF REACTOR SETUP
Catalyst Coated Monolith

A

Capture Bed

Reactor Heated Zone

Flow

Quartz Beads

» Quartz Wool

(¥2) You may need to account for vanadium-loaded particles contaminating catalyst-coated
monoliths as a result of physical abrasion. To do this_correction, your sample must show levels
of vanadium, titanium, and either tungsten, antimony, or other metals contained in the catalyst-
coated monolith above their respective method detection limitsdetermine-how-much-titantumis
in-the-capture bed-and-compare-to-an-alumina-blank. Using these values and available

information about the ratio of vanadium to titanium in the catalyst, subtract the mass of

106



vanadium catalyst material associated with the catalyst particles from the total measured
vanadium on the capture bed to determine the vanadium recovered due to sublimation_as
described in § 1065.1121(e).

125.  Revise and republish § 1065.1117 to read as follows:

§ 1065.1117 Reactor aging cycle for determination of vanadium sublimation temperature.
This section describes the conditions and process required to operate the reactor described in §
1065.1115 for collection of the vanadium sublimation samples for determination of vanadium
sublimation temperature. The reactor aging cycle constitutes the process of testing the catalyst
sample over all the test conditions described in paragraph (b) of this section.
(a) Set up the reactor to flow gases with a space velocity of at least 35,000/hr over the catalyst-
coated monolith system with a pressure drop across the catalyst and capture beds less than 35
kPa.

(1) Calculate space velocity as follows:

Sy = Vstdreactor

Vmonolith
Eq. 1065.1117-1
Where:
Vstdreactor.= the mean volume flow rate through the reactor at conditions of 293.15 K and
101.325 kPa.
Vmonolith = the total volume of the catalyst-coated monolith system. When determining space
velocity for a reactor blank test, use the volume for a 1-inch diameter by 1-inch-long
monolith.

lzxamgle:
Vetdreactor.= 0.4502 m*/hr

Vmonolith =0.0000128638 1’1’13
0.4502

Y = 0.0000128638
SV =34.997/hr

(2) Use test gases meeting the following specifications, noting that not all gases will be used
at the same time:

(41) 5 vol% O3, balance Na.

(2i1) NO, balance N». Use an NO concentration of (200 to 500) ppm.

(3iii) NH3, balance N,. Use an NH3 concentration of (200 to 500) ppm.

(b) Perform testing as follows:

(1) Add a new catalyst sample and capture bed into the reactor as described in § 1065.1113.
Heat the reactor to 550 °C while flowing the oxygen blend specified in paragraph (a)(+2) of
this section as a pretest gas mixture. Ensure that no H>O is added to the pretest gas mixture to
reduce the risk of sintering and vanadium sublimation.
(2) Start testing at a temperature that is lower than the point at which vanadium starts to
sublime. Start testing when the reactor reaches 550 °C unless testing supports a lower starting
temperature. Once the reactor reaches the starting temperature and the catalyst has been
equilibrated to the reactor temperature, flow NO and NH3 test gases for 18 hours with a
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nominal H>O content of 105 volume percent. This volume percentage of H>O is appropriate
and must be used for diesel fueled compression-ignition engines. If you perform this testing
for engines that use a different fuel than diesel, use good engineering judgment to select an
H>O volume percentage consistent with the maximum expected exhaust H>O content for that
fuel. For example, you might test at an H,O content of 20 volume percent for a lean-burn,
spark-ignition hydrogen-fueled engine. If an initial starting temperature of 550 °C results in
vanadium sublimation, you may retest using a new catalyst sample and a lower initial starting
temperature.

(3) After 18 hours of exposure, flow the pretest oxygen blend as specified in paragraph (b)(1)
of this section and allow the reactor to cool down to room temperature.

(4) Analyze the sample as described in § 1065.1121.

(5) Repeat the testing in paragraphs (b)(1) through (4) of this section by raising the reactor
temperature in increments of up to 25 56-°C, up-teuntil you reach the temperature at which
vanadium sublimation begins above the method detection limit threshold determined in

§ 1065.1121-

8> You may optionally test in a manner other than testing a single catalyst formulation in
series across all test temperatures. For example, you may test additional samples at the same
reactor temperature before moving on to the next temperature.

(c) Determine tFhe effective sublimation temperature as follows:
(1) Select the data from the lowest temperature where you detected a vanadium level above

the method detection limit threshold and the next lowest temperature where vanadium
sublimation was not detected above the threshold.

(2) Use linear interpolation between the two data points to determine the temperature at
which the vanadium level crosses the method detection limit threshold.

(3) Calculate the sublimation temperature, 7sublimation, s follows:

MDL -1

Tsublimation = t;res_h(;d L. (TH - TL) + T,
H L

Eq. 1065.1117-2
Where:
MDLnreshold = the vanadium method detection limit threshold in § 1065.1121(d)(3). This
value of 10 ng/m? is based on the total volume that flowed through the catalyst core at a
space velocity of 35,000/hr for 18 hours, for a standard 1-inch diameter by 1-inch-long
catalyst core. If you test a different size catalyst core, you must scale the method detection
limit threshold value as described in § 1065.1121(d)(4).
V. = the vanadium result from the highest test point where vanadium sublimation was below
the method detection limit threshold.
Vi = the vanadium result from the lowest test point where vanadium sublimation was at or
above the method detection limit threshold.
Tx = the temperature at which Vg was determined.
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T1. = the temperature at which V1 was determined.

Example:
MDLthreShold =10 U«g/m3

Vi =5.1 ug/m’

Vi=12.5 ug/m’
Tu=3585"°C
T, =560 °C
10 —5.1
Tsublimation = 125-51 (585 —560) + 560
Tablimation = 577 °Cforthetested-eatalystis-the lowestreactortemperature-determinedin

126. Revise and republish § 1065.1119 to reads as follows:

§ 1065.1119 Blank testing.

This section describes the process for analyzing blanks. Use blanks to determine the background
effects and the potential for contamination from the sampling process.

(a) Take blanks from the same batch of alumina used for the capture bed.

(b) Media blanks are used to determine if there is any contamination in the sample media.
Analyze at least one media blank for each reactor aging cycle or round of testing performed
under § 1065.1117. If your sample media is taken from the same lot, you may analyze media
blanks less frequently consistent w1th good englneerlng Judgment

(©) Field-slr

td)>-Reactor blanks are used to determine_the method detection limit and can be used to determine
if there is any contamination from the sampling system. Analyze at least one reactor blank for
each reactor aging cycle or round of testing performed under § 1065.1117.
(1) Test reactor blanks with the reactor on and operated identically to that of a catalyst test in
§ 1065.1117 with the exception that when loading the reactor, only the alumina capture bed
will be loaded (no catalyst sample is loaded for the reactor blank). We recommend acquiring
reactor blanks with the reactor operating at average-a 750 °C test temperature-youused-when
acquirig-your-testsamples-under-§1065-1H17. If your reactor cannot maintain 750 °C,
acquire the reactor blanks at the highest temperature your reactor can maintain.
(2) You must run at least three reactor blanks if the result from the initial blank analysis is
above the detection limit of the method, with additional blank runs based on the uncertainty
of the reactor blank measurements, consistent with good engineering judgment.
(3) If the volumetric flow during the vanadium sublimation test is higher than what was
flowed during the reactor blank test, scale the method detection limit and method detection
limit threshold to account for the volumetric flow differences. This will typically occur in
instances where a catalyst coated monolith is tested that has a volume that is greater than the
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standard 1 diameter by 17 long catalyst core. as the volumetric flow rate through the catalyst
core is increased to maintain the target space velocity of 35,000/hr. Adjust the method
detection limit as described in § 1065.1121(d)(4).

127.  Revise § 1065.1121 to read as follows:

§ 1065.1121 Vanadium sample dissolution and analysis in alumina capture beds.

This section describes the process for dissolution of vanadium from the vanadium sublimation
samples collected in § 1065.1117 and any blanks collected in § 1065.1119 as well as the analysis
of the digestates to determine the mass of vanadium (as well as titanium, tungsten and antimony

if you are testing for those elements) emitted and-the-assoctated-sublimation-temperature
thresheld-based-on-the results-of all- the samples-taken-during the reactor aging cycle.

(a) Digest the samples using the following procedure, or an equivalent procedure:
(1) Place the recovered alumina, a portion of the ground quartz tube from the reactor, and the
quartz wool in a Teflon pressure vessel with a mixture made from 1.5 mL of 16 N HNO3, 0.5
mL of 28 N HF, and 0.2 mL of 12 N HCI. Note that you must weigh all the sample materials
submitted to the digestion process (including alumina, quartz wool, and quartz tube). Note
that the amount of ground quartz tube from the reactor included in the digestion can
influence the vanadium concentration of both the volatilized vanadium from the sample and
the method detection limit. You must be consistent with the amount ground quartz tube
included in the sample analysis for your testing. You must limit the amount of quartz tube to
include only portions of the tube that would be likely to encounter volatilized vanadium.
(2) Program a microwave oven to heat the sample to 180 °C over 9 minutes, followed by a
10-minute hold at that temperature, and 1 hour of ventilation/cooling.
(3) After cooling, dilute the digests to 30 mL with high purity 18MQ water prior to ICP-MS
(or ICP-OES) analysis. Note that this digestion technique requires adequate safety measures
when working with HF at high temperature and pressure. To avoid “carry-over”
contamination, rigorously clean the vessels between samples as described in “Microwave
digestion procedures for environmental matrixes” (Lough, G.C. ef al, Analyst. 1998, 123 (7),
103R-133R).

(b) Analyze the digestates for vanadium as follows:
(1) Perform the analysis using ICP-OES (or ICP-MS) using standard plasma conditions
(1350 W forward power) and a desolvating microconcentric nebulizer, which will
significantly reduce oxide- and chloride-based interferences.
(2) We recommend that you digest and analyze a minimum of three solid vanadium NIST
Standard Reference Materials in duplicate with every batch of 25 vanadium alumina capture
bed samples that you analyze in this section, as described in “Emissions of metals associated
with motor vehicle roadways” (Herner, J.D. ef al, Environmental Science and Technology.
2005, 39, 826-836). This will serve as a quality assurance check to help gauge the relative
uncertainties in each measurement, specifically if the measurement errors are normally
distributed and independent.

(c) Calculate your vanadium result, Vieas, in png/m’> using the following equation:
X1cP * Msample

Vmeas - V
reactor

Eq. 1065.1121-1

Where:
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xicp = the ICP measured mass concentration of vanadium. If the mass concentration is below the
instrument detection limit, use the instrument detection limit in place of the measured value.
Msample = total sample mass determined in paragraph (a)(1) of this section.

Vieactor = the total gas volume flowed through the reactor during the catalyst-coated monolith test.

Example:
xice = 0.74 mg/m?

Msample — 114.839 g

Vreactor 8 104223 m
0.74 -114.839

Vineas = —¢ 104223
Vmeas 10.5 ug/m

(3d) Use the 3-51gma approach to determme the analytlcal method detection limits for vanadium
: SRR 3 mine-th rg-hmit. This process involves analyzing
at least seven rephcates of a reactor blank using the analytlcal method described in paragraphs
(a) and (b)(1) of this section, converting the responses into concentration units, and calculating
the standard deviation. Determine the detection limit by multiplying the standard deviation by 3

and adding it to the medianaverage. Determine-thereporting limitby-multiplying the standard
deviation-by10-and-addingit-te-the-average—Determine the following analytical method

detection limits:
(11) Determine the ICP-MS (or ICP-OES) instrumental detection limit (mag/kgk) by
measuring at least seven blank samples made up of the reagents from paragraph (a) of this
section.
(#2) Determine the method detection limit (pg/m* of flow) by measuring at least seven
reactor blank samples taken as described in § 1065.1119(d)._You may check for and remove
any outliers using Section 7 of ASTM E178 (incorporated by reference, see § 1065.1010).
Maintain a rolling method detection limit, updating it by removing the oldest reactor blank
results as new reactor blank samples are taken. Repeat the outlier analysis each time you
generate a new reactor blank and update the data set. Maintain at least seven blanks in the
data set. Use good engineering judgment to add new blanks and remove old blanks from the
data set as needed. For example, if the lot of capture blank material changes or if your testing
involves submission of multiple groups of samples that are submitted for ICP analysis at
different times.
(#13) Werecommend-that-yY our method detection limit determined under paragraph
(bd)(32)G4) of this section must beis at or below a threshold of 1035 pug/m?. Note that this
method detection limit threshold is based on the total volume that flowed through the catalyst
core at a space velocity of 35,000/hr for 18 hours, for a standard 1-inch diameter by 1-inch-
long catalyst core. If you test at a different size catalyst core, you must scale both your
calculated method detection limit and the threshold value as described in paragraph (d)(4) of
this section. You must report your method detection limits determined in this paragraph
(bd)(3) and-reperting limits(if determined)-with your test results. Report your method
detection limit at a precision of two significant figures. Report your results and calculated
method detection limit at the same level of precision as the threshold.
(4) When your catalyst core volume dictates a total volume flowed through the catalyst core
that is greater than the total volume flowed during the reactor blank test, scale the method
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detection limit threshold from paragraph (d)(3) of this section and the lab determined method
detection limit as follows:

Vstdblank
MDLitypejcor = MDLjtype) - —

Eq. 1065.1121-2

Vreactor

Where:

MDLiiype] = method detection limit threshold from paragraph (d)(3) of this section or lab
determined method detection limit from paragraph (d)(2) of this section.

Vdblank = the total gas volume flowed through the reactor during a standard lab reactor blank
test (assuming a 1-inch diameter and 1-inch-long core).

Vieactor = the total gas volume flowed through the reactor during the catalyst coated monolith
test.

Example for a catalyst coated monolith system that contains a 1’ diameter by 1" long
vanadium SCR catalyst core and a 1’ diameter by 0.5 long ammonia slip catalyst core that
vields a vanadium test result of 7.9 ug/m’>:

MDLpreshold = 10 ug/m? threshold, from paragraph (d)(3) of this section

MDL eactorblank = 4.5 pg/m’, actual determined method detection limit from paragraph (d)(2)
of this section

Vitdblank = 8.4 m*

Vieactor = 12.2 m’

8.4
MDL =10-—— = 6. 3
thresholdcor 0 12.2 6.9 ug/m

8.4
MDLyeactorblankcor = 4.5 m = 3.1 Hg/m3

(5) In the example given in paragraph (d)(4) of this section, the corrected reactor blank
derived method detection limit is below the adjusted method detection limit threshold of 4.8
ug/m’, indicating that the reactor blank derived method detection limit meets the
requirements of paragraph (d)(3) of this section. The threshold corrected value becomes the
new method detection limit threshold, replacing the value from paragraph (d)(3) of this
section, which is compared to the reactor blank corrected method detection limit. The
corrected method detection limit threshold of 6.9 ug/m? indicates that the catalyst coated
monolith vanadium test result of 7.9 ug/m’ is above the adjusted method detection limit
threshold and that vanadium has been emitted by the monolith.

(4e) You mayH-yeu account for vanadium-loaded particles contaminating the catalyst-coated
monoliths as a result of physical abrasion as allowed in § 1065.1115(¥g};-). This process requires
that youuse-the 3-sigma-appreachtoe determine the analytical method detection limits for
titanium_and either tungsten, antimony or other metals contained in the catalyst-coated monolith
using the same method as described in paragraph (d) of this section for vanadium-and-the1+6-

stgma-approachyou-determine-the repoerting imit. Y ou may perform this correction using
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either the ratio provided by the catalyst supplier or the measured mass ratio of vanadium to
titanium.
(1) If you use the ratio provided by the catalyst supplier, determine the corrected vanadium
level, Veor, using the following equation:
Veor = Vineas — Ratio - Tipeas
Eq. 1065.1121-3

Where:

Vmeas = the vanadium result determined in paragraph (c) of this section.

Ratio = the mass ratio of V to Ti from the catalyst supplier or the experimentally determined
ratio, Ratiomeas, as determined in paragraph (e)(2) of this section.

Timeas = the titanium result determined in paragraph (c) of this section.

Example:
Vimeas = 6.8 Ll}l/l’l’l3

Ratiomeas = 0.025

Timeas = 223.5 ug/m?

Veor = 6.8 —0.025 - 223.5
Veor = 1.2 pg/m’

(2) If you have multiple tests where you detect vanadium, titanium, and either tungsten or
antimony, you may substitute the ratio measured during the experiments, Ratiomeas, In place
of the catalyst supplier ratio in Eq. 1065.1121-3. You may use this option only if the
measured ratios of vanadium to titanium for the test you are correcting are within 20 % of the
average calculated ratio for all of the tests in the data set that are being corrected. If you use
the measured ratio from the experiment, calculate that ratio using the following equation:

Vmeas - MDLV

Timeas — MDLr;
Eq. 1065.1121-4
Where:
MDLy = the method detection limit for vanadium.
MDLT; = the method detection limit for vanadium.

Ratiopeas =

Example:
Vineas = 6.8 ug/m3
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MDLy =3.1 pg/m’
Timeas = 223.5 ug/m
MDLt;=176.2 ug/m’

6.8 —3.1

223.5—-76.2

Ratiopyeas =
Ratio = 0.025

128.  Amend § 1065.1125 by revising paragraph (d)(2) to read as follows:

§ 1065.1125 Exhaust opacity measurement system.
% % % % %

(d)* * %
(2) You may ask-us-te-appreve-the-use-ofa smokemeters that relies-rely on partial flow
sampling. Follow the instrument manufacturer's installation, calibration, operation, and

maintenance procedures H-we-approve-yourrequest—These-procedures-must-include
eerreetingand correct for any difference ehange-in the path length of the exhaust plume

relative to the diameter of the engine’s exhaust outlet.

129.  Amend § 1065.1127 by revising paragraphs (c)(4) and (5) to read as follows:

§ 1065.1127 Test procedure for determining percent opacity.
* * * * *

Determme the dynamometer load needed to meet the cycle requlrements in paragraphs
(d)(4)(i1) and (iv) of this section.

(5) You may program the dynamometer to apply motoring assist with negative flywheel
torque, but only during the first 0.5 seconds of the acceleration events identified in
paragraphs (d)(4))-and-GH of this section. Negative flywheel torque may not exceed 13.6
N-m.

% % % % %

130. Amend subpart L by revising the center header “ACCELERATED
AFTERTREATMENT AGING” to read as follows:

ACCELERATED AFTERTREATMENT AGING — COMPRESSION-IGNITION
AFTERTREATMENT

131.  Amend § 1065.1133 by revising paragraph (a)(3) to read as follows:

§ 1065.1133 Application selection, data gathering, and analysis.

* * * * *

(a) % % %
(3) Sulfur exposure. The total sulfur exposure is the sum of fuel- and oil-related sulfur. Oil-
related sulfur will be accounted for in the acceleration of oil exposure directly. We

114



*

recommend that you determine fuel-related sulfur exposure by selecting an application that
represents the 90 percentile of fuel consumption. Use good engineering judgment to
determine that average rate of fuel consumption for the target application. You may use a
combination of field and laboratory measurements to make this determination. Calculate the
average rate of fuel-related sulfur exposure in grams per hour from the average rate of fuel
consumption assuming a fuel sulfur level of 10 ppm by weight. You may adjust the 10-ppm
fuel sulfur level if the fuel your engine operates on is shown to have a sulfur level that differs

from diesel fuel.
% % % *

132.  Amend § 1065.1137 by revising paragraphs (d)(1)(i1))(B)(1), (d)(2), and
(d)(4)(1i1)(A) to read as follows:

§ 1065.1137 Determination of thermal reactivity coefficient.

*

% % % %

*

(1) Generate a fit of the deactivation data in paragraph (d)(1)(i) of this section at
each aging temperature using the following linear expression:

1

—=kp-t+1

g~ ottt

Eq. 1065.1137-9

Where:

) =N2/Ni or =Nz ({2 is to be normalized to the degreened (2 value for each

new catalyst component prior to aging, i.e., 2 =1 at £= 0 for each aging

temperature).

kp = the thermal aging rate constant from paragraph (d)(1)(ii)(A) of this section.

Eap

A—pre-exponenttalfactor:

£ — thermal reactivity coctficient.

R — molar gas constant.

1 —aging temperature.
% % % %
(2) Iron-based zeolite or vanadium SCR. Process all NH3; TPD data from each aging
condition using a GPLE to fit the NH3 desorption data (or BTE surface area data for
vanadium SCR). Note that this expression is different from the one used in paragraph
(d)(1)(i1)(A) of this section because the model order m is allowed to vary. This general
expression takes the following form:

dan
——- = ko (2= 0eg)"

Eq. 1065.1137-11
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Where:
{) = total NH3 (or BET surface area) normalized to the degreened value for each new
catalyst component prior to aging (i.e., 2 = 1 at t= 0 for each aging temperature).
kp = the thermal aging rate constant from paragraph (d)(1)(ii)(A) of this section.
Eap
A—pre-exponential-factor:
£ thermal reactivity coetlicient.
B e e
T aging temperature.
¢t =time.
feq = aging metric at equilibrium (set to 0 unless there is a known activity minimum).
m = model order.
* * * * *
(ii)* * *
(A) Use the GPLE to fit the NO to NO> conversion data, X, at each aging
temperature. The GPLE takes the following form:

Eq. 1065.1137-16

Where:
() = aging metric for diesel oxidation catalysts.
kp = the thermal aging rate constant from paragraph (d)(4)(1) of this section.

¢ = aging time.
f)eq = aging metric at equilibrium (set to 0 unless there is a known activity minimum).

m = model order.
L3 L3 £ 3 £ 3 £ 3

133.  Amend § 1065.1139 by revising paragraphs (a), (b)(1)(iii) and (iv), (b)(2)(1),

(®(2)(V)(C), (d)(1), (e)(3), (g)(1) introductory text, (g)(1)(iv), (g)(2)(ii), and (h) to
read as follows:

§ 1065.1 139 Aging cycle generation.

% % %

(a) Cycle generation process overview. The process of cycle generation begins by determining
with-the-determination-ef-the number of bench aging hours. The input into this calculation is the
number-of real-or fteld-hours-that represent-the useful life in engine operating hours for the target
application. If the standard-setting part does not establish useful life based on engine operating
hours, use good engineering judgment to determine the appropriate number of hours
corresponding to the regulatory useful life based on field data, including average vehicle speed.
Subtract service accumulation hours on an engine dynamometer before the start of accelerated
aging from the value representing the useful life in hours. Also subtract the engine operating
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hours needed to stabilize the engine before accelerated aging, and subtract 100 hours to account
for stabilization after accelerated aging. The total number of accelerated aging hours is generally
equal to the useful life in hours divided by 10 to account for the 10-fold acceleration of the aging
process; however, a different acceleration factor may apply as specified in paragraph (e)(6)(v) of
this section. As an example of the 10-fold acceleration based on the sample calculation in 40
CFR 1036.245(c)(6), if the total service accumulation representing hours of engine operation
over the useful life is 18,567 hours, engine stabilization involved 250 hours of engine operation
before initial emission testing, and service accumulation on the dynamometer included 1,525
hours of engine operatlon the target for bench-aging hours would be 1,669 hours ( (18,567 — 250

— 1,525 — 100)/10)

5P O O adb A

cd 0 Arrange the dlfferent operatrng
modes th&t—wﬂ-l—b&aﬁ&n-ged—te—res&&t—mfor repet1t1ve temperature cycling and divide the 1669
hours over thatperiodthose operating modes, as outlined in paragraph (g) of this section. Eer
systems-that-ineerporateln the case of periodic regeneration, the-tetal-durationwil-be-split the
bench-aging hours between regeneration and normal (non-regeneration) operation. The analysis
of normal operation data is given in paragraph (b) of this section. The analysis of regeneration
data is given in paragraph (ed) of this section.
(b) * * *
(1) * * *

(111) Check each solution, starting with the one with the highest CCC to determine if it

satisfies the following requirements:
(A) No more than one cluster contains fewer than 3 % of the data points.

(B)

€& If that solution does not satisty these requirements move to the solution with the
next highest CCC.
(iv) The process described in paragraph (c)(1)(ii1) of this section generally works well for
most data sets, but if you have difficulty with the CCC metric in a particular data set, use
good engineering judgment to leverage additional criteria to help the down-selection
process. Examples of alternative alternate-clustering metrics include a Davies-Bouldin
Index (optimizing on the minimum value) or a Calinski-Harabasz Index (optimize on the

maximum value).
k k * * *

(1) Perform k-means clustering ats described in paragraph §3+065-4H33(b)(1)_of this
section but using data sets containing the two parameters recorded in the field data sets.
For example, you might use speed and torque, as recorded both in the field and the

laboratory for Method 2 clustering.
* * * * *
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*

*

(d) *
(1) The total number of regenerations that will be run during the accelerated aging process
will be the same as the total number of regenerations over useful life. Calculate this number
by dividing the total number of useful life hours by the interval between regenerations as
determined in § 1065.1133(b)(3)_and subtract the number of regenerations that occurred
during service accumulation on an engine dynamometer.

*

(V) % k k
(C) Calculate subsequent w; values after calculating w as follows:
Wi = W1 . d_::
Eq. 1065.1139-5

(D) Calculate the sum of the weighting factors to verify that they are equal to one.
wit...owy, =1
Eq. 1065.1139-6

Where:

n = number of regulatory cycles for the application.
% % %
* *

*

(e) *
(3) Calculate the cumulative deactivation, D, for the input field data set. The time step for
the calculations should be 1 second for 1-Hz input data.

*

(2

*

*

* * *
* *

(1) First calculate Dy for the non-regeneration portion of the field data set. For Method 2
use the 1-Hz data from the regulatory cycles as the field data set.

(i1) Divide the calculate field D; by the number of hours represented in the field data set.
(111) Multiply the hourly D by the number of hours required to reach faH-useful life. This
is the target Dt field-normi.

(iv) Multiply the total number of regenerations for fal-useful life by the cumulative
deactivation Dx for the target regeneration profile determined in paragraph (d)(4) of this
section. This is the target Dt field-regen-

(v) The total target cumulative deactivation for the field data, D fiiq, is the sum of D fieiq-

normi and D field-regen.
% % %

* * *

(1) Cycle assembly with infrequent regenerations. For systems that use infrequent
regenerations, the number of cycle repeats is equal to the number of regeneration events that
happen over full-useful life. The total cycle duration of the aging cycle is calculated as the
total aging duration in hours divided by the number of infrequent regeneration events. In the
case of systems with multiple types of infrequent regenerations, use the regeneration with the
lowest frequency to calculate the cycle duration.

*

% % %

(iv) Place the mode with the lowest temperature first, then move to the highest
temperature mode, followed by the next lowest temperature mode, and then the next
highest mode, continuing in this alternating pattern until all modes are included. You may
also place the mode with the highest temperature first, then move to the lowest
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temperature mode, followed by the next highest temperature mode. and then the next
lowest temperature mode, continuing in this alternating pattern until all modes are

included.
% %k %k %k %

(i1) Place the mode with the lowest temperature first, then move to the highest
temperature mode, followed by the next lowest temperature mode, and then the next
highest mode, continuing in this alternating pattern until all modes are included. You may
also place the mode with the highest temperature first, then move to the lowest
temperature mode, followed by the next highest temperature mode, and then the next
lowest temperature mode, continuing in this alternating pattern until all modes are

included.
%k %k * * %k

(h) Chemical exposure targets. Determine targets for accelerated oil and fuel sulfur exposure as
follows:

(1) Oil exposure targets. The target oil exposure rate during accelerated aging is 10 times the
field average oil consumption rate determined in § 1065.1133(a)(2). You must achieve this
target exposure rate on a cycle average basis during aging. Use good engineering judgment to
determine the oil exposure rates for individual operating modes that will achieve this cycle
average target. For engine-based aging stands you will likely have different oil consumption
rates for different modes depending on the speed and load conditions you set. For burner-
based aging stands, you may find that you have to limit oil exposure rates at low exhaust
flow or low temperature modes to ensure good atomization of injected oil. On a cycle
average basis, the portion of oil exposure from the volatile introduction pathway (i.e., oil
doped in the burner or engine fuel) must be between (10 to 30) % of the total. The remainder
of oil exposure must be introduced through bulk pathway. We recommend that you adjust
your oil exposure to account for exposure that occurred during service accumulation on the
dynamometer.

(1) We recommend that you minimize (in the case of an engine-bench aging stand) or turn

off (in the case of a burner-based aging stand) oil exposure during infrequent

regeneration modes. If you do, you must increase the target oil exposure rates by the

ratio of total aging time to total normal (non-regeneration) aging time. Determine this

ratio, Qucc,rate, USINg the following equation:

tul

Oacc,rate = t ¢
acc,aging regen

Eq. 1065.1139-9

Where:

tu = total time required for remainder of useful life in hours.

tacc.aging = total time of accelerated aging in hours.

trecen = required total time of infrequent regeneration events during accelerated aging in
hours.

Example:
tu = 16.692 hours

facc.aging = 1,669 hours
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lregen = 300 hours

16692
Oacc,rate = m =12.19

(i1) This example is for a burner-based aging bench and assumes that oil exposure is
completely turned off during infrequent regeneration modes. Therefore, you would need
to increase the oil consumption rates in all non-regeneration modes by 12.19 times.
(ii1) If Oacerate €xceeds 15.0, you must increase faceaging Until the calculated oil exposure
acceleration rate falls below 15.0. We recommend targeting an acceleration rate of 13 or
less to provide a sufficient operating window during actual aging. You eanmay not lower
the required total time of infrequent regeneration events during accelerated aging, f eeens:
therefore, the overall time acceleration will decrease from the original target of ten times.
(2) Fuel sulfur exposure targets. The target sulfur exposure rate for fuel-related sulfur is
determined by utilizing the field mean fuel rate data for the engine determined in
§ 1065.1133(a)(3). Calculate the total sulfur exposure mass using this mean fuel rate, the
total number of non-accelerated hours to reach full-useful life, and a fuel sulfur level of 10
ppmw._You may adjust the 10-ppm fuel sulfur level if the fuel your engine operates on is
shown to have a sulfur level that differs from diesel fuel. We recommend that you adjust
your sulfur exposure to account for exposure that occurred during service accumulation on
the dynamometer.
(1) For an engine-based aging stand, if you perform accelerated sulfur exposure by
additizing engine fuel to a higher sulfur level, determine the accelerated aging target
additized fuel sulfur mass fraction, ws, as follows:

_ Miyel field S
Ws target = = * Msfyel,ref * Qaccrate
mfuel,cyle

Eq. 1065.1139-109

Where:

nTlfueLﬁeld = field mean fuel flow rate.

ﬁlfuel’cycle = accelerated aging cycle mean fuel flow rate.

mstuel,ref = reference mass of sulfur per mass of fuel = 0.00001 kg/kg.
Sacerate = sulfur acceleration rate = 10.

Example:

Tilfuel’ﬁeld =543 kg/hr
Myl eycle = 341 kg/hr
msfuelref = 0.00001 kg/kg.
Sacc,rate =10

54.3
WS,target = m . 000001 . 10

WS target = 0.000159

(i1) If you use gaseous SO» to perform accelerated sulfur exposure, such as on a burner-
based stand, calculate the target SO concentration to be introduced, xso2 target, as follows:
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Meyel,field (xSfuel,ref ' Sacc,rate : Mexh)

Xs02,target — = M
S

mexhaust,cycle

Eq. 1065.1139-1011

Where:

Mielficld = field mean fuel flow rate.

ﬁlexhaust,cycle = time weighted average mean-exhaust flow rate during the burner aging
cycle.

Xstuel,ref = reference mol fraction of sulfur in fuel = 10 umol/mol.

Sacerate = sulfur acceleration rate = 10.

Mexh = molar mass of exhaust = molar mass of air.

Ms = molar mass of sulfur.

Example:

Myel fietd = 54.3 kg/hr
mexhaust,cycle =1000.8 kg/ hr
Xsfuelref = 10 pmol/mol
Sacc,rate =10

Mexn = 28.96559 g/mol

Ms =32.065 g/mol
54.3 (10 10 - 28.96559)

Xsoztarget = T0008 32.065
XS02,target = 4.90 umol/mol

(ii1) We recommend that y¥ou may-eheose-te-turn off gaseous sulfur injection during
infrequent regeneration modes;,-but if you do this, you must increase the target SO
concentration by the ratio of total aging time to total normal (non-regeneration) aging
time. Determine this ratio, Sacc.rate, using the following equation:

tul

Saccrate = t ¢
acc,aging regen

Eq. 1065.1139-12

Where:

tu = total time required for remainder of useful life in hours.

facc.aging = total time of accelerated aging in hours.

tecen = required total time of infrequent regeneration events during accelerated aging in
hours.

Example:
tu = 16.692 hours

facc.aging = 1,669 hours

tregen = 300 hours

16692
Sacerate = Teeg —300 — 1o1?
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(iv) If the updated Sacc rate €xceeds 15.0, you must increase face.aging until the calculated
sulfur exposure acceleration rate falls below 15.0. We recommend targeting an
acceleration rate of 13 or less to provide a sufficient operating window during actual
aging. You eanmay not lower the required total time of infrequent regeneration events
during accelerated aging, fegens; therefore, the overall time acceleration will decrease
from the original target of ten times.

134.  Amend § 1065.1141 by revising paragraphs (h) and (j) to read as follows:

§ 1065.1141 Facility requirements for engine-based aging stands.

% % % % k

(h) If the engine-aging stand will be used for aging of systems that incorporate a diesel
particulate filter (DPF), we recommend you perform secondary tracking of oil exposure by using
clean (soot free) DPF weights to track ash loading and compare this mass of ash to the amount
predicted using the measured oil consumption mass and the oil ash concentration. The ratio of
the mass of ash found by DPF weight sheuldfal-within (55-te-70)-%-efover the-efmass
predicted mass of ash based on frem-oil consumption measurements should fall within a range of
0.55t00.7.

% % % % %

(j) If you perform sulfur acceleration by increasing the sulfur level of the engine fuel, you must
meet the target sulfur level within =5 ppmw._Increase the sulfur level by adding sulfur to the
entire batch of fuel or adding sulfur to the fuel line that feeds the engine. Verify the sulfur level

of the fuel prior to the starting of aging, or whenever a new batch of aging fuel is acquired.
* * * * *

135.  Amend § 1065.1143 by revising paragraph (h) and adding a new paragraph (j) to
read as follows:

§ 1065.1143 Requirements for burner-based aging stands.

* * * * *

(h) If the burner-based aging stand will be used for aging of systems that incorporate a diesel
particulate filter (DPF), we recommend you perform secondary tracking of oil exposure by using
clean (soot free) DPF weights to track ash loading and compare this mass of ash to the amount
predicted using the measured oil consumption mass and the oil ash concentration. The ratio of
the mass of ash found by DPF weight sheuldfal-within(55-te-70)-%-of the-ofmassover the
predicted mass of ash based onfrem oil consumption measurements should fall within a range of
0.55t00.7.

* * * * *

(1) If you perform sulfur acceleration by increasing the sulfur level of the burner fuel, you must
meet the target sulfur level within +£5 ppmw. Increase the sulfur level by adding sulfur to the
entire batch of fuel or adding sulfur to the fuel line that feeds the burner. Verify the sulfur level

of the fuel prior to the start of aging. or whenever a new batch of aging fuel is acquired.
% % % % %

136.  Amend § 1065.1145 by revising the introductory text and paragraphs (a), (c), and
(d) to read as follows:
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§ 1065.1145 Execution of accelerated aging, cycle tracking, and cycle validation criteria.
The aging cycle generally consists first of practice runs to validate and tune the final cycle,
followed by the actual running of the repeat cycles needed to accumulate field equivalent hours
to reach fal-useful life. During the course of the aging run, various aging parameters are tracked
to allow verification of proper cycle execution, as well as to allow for correction of the aging
parameters to stay within the target limits.

(a) Preliminary cycle validation runs. Prior to the start of aging, conduct a number of practice
runs to tune the cycle parameters. It is recommended that initial practice runs be conducted
without the aftertreatment installed, but with the backpressure of the aftertreatment simulated to
help ensure that the tuned cycle is representative. For final cycle tuning, including regenerations,
it is recommended to use a duplicate or spare aftertreatment system of similar design to the target
system, to avoid damage or excessive initial aging during the tuning. However, it is permissible
to conduct final tuning using the target system being aged, but you must limit the total duration
to no more than 100 field equivalent hours (10 hours of accelerated aging), including both
thermal and chemical components. The process followed for these initial runs will vary
depending on whether you are using an engine-based platform or a burner-based platform.

(1) Engine-based platform. (1) Initial cycle development. It will be necessary to determine a
set of engine modes that will generate the required combinations of temperature, exhaust
flow, oil consumption, and NOx to meet the target aging requirements. The development
of these modes will be an iterative process using the engine and independent temperature
control features of the aging stand. This process assumes that you have already
implemented the oil consumption increase modifications, and that these have already
been stabilized and validated to reach the necessary levels of bulk oil exposure. In
general, we recommend the use of higher engine speeds and loads to generate the desired
oil consumption, leveraging the temperature controls as needed to lower temperature to
the targets. Several iterations will likely be needed to reach all targets. Exhaust flow must
be within +25 % of targets for individual cycle modes, and the weighted cycle average
exhaust flow (considering non-regeneration modes) must be within +10 % of the target
value. Note that during transitions you may utilize any combination of conditions
necessary to help primary component catalysts reach the target temperature and flow
conditions within no more than 5 minutes. For example, you may use a higher exhaust
flow rate and lower temperature to rapidly cool the aftertreatment system to the next
temperature. Use good engineering judgement to select NOx targets such that the cycle-
average NOx mass rate is consistent with the application if you used Method 1 to develop
the accelerated aging cycle, and consistent with the weighted lab cycle NOx
measurements if you used Method 2. NOx targets do not need to be met during
transitions. It is permissible to deviate from engine-out NOx emission targets if needed to
reach the temperature, exhaust flow, and oil consumption targets. We recommend that
you maintain a weighted cycle average NOx level (considering non-regeneration modes)

that is at-the-targetlevel-or-higher, but-you-maylower NOx-byup-tewithin +25 %+

neeessary;-on-seme-meodes of the target. Note that validation of oil consumption requires
at least 72 hours of operation. Tune the parameters for infrequent regeneration towards

then end of this initial development process (such as hydrocarbon injection schedules and
temperature ramp rates).

(i1) Final cycle validation. Once the cycle is tuned, conduct a final run using the target
aftertreatment system to verify conditions and log temperatures for heat load calculation.
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Using the recorded cycle data, calculate Dy for all primary component catalysts to ensure
that you are matching the desired Dycycle targets. If you are not within +3 % of the target
Dy cycle, adjust the cycle accordingly. Calculate Dy for any secondary catalyst components
to verify that they are within +3 % of either the target D; or the target aging metric. Note
that the accelerated aging methodology assumes that the relationship between the
temperature of the primary and secondary catalyst components will the-be the same as the
field observations. If this relationship deviates in the lab by having more or less heat
transfer through the system, it may be necessary to modify that relationship on the aging
stand. You may need to take measures such as adding or removing insulation or utilize
external cooling fans to help these parameters match more closely.

(2) Burner-based platform. (1) Cycle development. The burner-based platform w#tshould be

*

able to meet the exhaust flow, temperature, NOx;-and oil consumption targets directly
without the need for additional cycle development. This process assumes that you have
already implemented and validated your oil consumption exposure methods to reach the
necessary levels of bulk oil exposure. Exhaust flow must be within +25 % of targets for
individual cycle modes, and the weighted cycle average exhaust flow (considering non-
regeneration modes) must be within £10 % of the target value. For diesel-fueled engines,
we recommend maintaining oxygen setpoints between (7 and 17) volume percent and
water setpoints between (5 and 11) volume percent. For other fuels, use good engineering
judgment to select appropriate ranges. Use good engineering judgement to select NOx

targets such that the cycle-average NOx mass rate is consistent with the application if you
used Method 1 to develop the accelerated aging cycle, and consistent with the weighted
lab cycle NOx measurements if you used Method 2. We recommend maintaining a
weighted cycle-average NOx level ( con51der1ng non- regeneratlon modes) that is w1th1n
+25 % of the target level.tn-2

agmg—medes—wrﬂﬁn%zﬁ/o—fei;e*}%en—&ndéz—ArfeHv&ter— Note that durlng tran51t10ns
you may utilize any combination of conditions necessary to help primary component
catalysts reach the target temperature and flow conditions within no more than 5 minutes.
For example, you may use a higher exhaust flow rate and lower temperature to rapidly
cool the aftertreatment system to the next temperature NOx targets do not need to be met
during transitions.-NOx; gen;-an rotH §

transtons:

(i1) Final cycle validation. Once the cycle is tuned, conduct a final run using the target
aftertreatment system to verify conditions and log temperatures for heat load calculation.
Using the recorded cycle data, calculate D; for all primary components catalysts to ensure
that you are matching the desired Dy cycle targets. If you are not within +3 % of the target
Dt cycle, adjust the cycle accordingly. Calculate D; for any secondary catalyst components
to check that they are within £3 % of either the target D; or the target aging metric. Note
that the accelerated aging methodology assumes that the relationship between the
temperature of the primary and secondary catalyst components will the-be the same as
that observed in the field. If this relationship deviates in the lab by having more or less
heat transfer through the system, it may be necessary to modify that relationship on the
aging stand. You may need to take measures such as adding or removing insulation or

utilize external cooling fans to help these parameters match more closely.
% % %
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(c) Initial emission testing. Prior to the start of accelerated aging conduct the initial zero-hour
emission test and any required engine dynamometer aging following the requirements of the
standard setting part for your engine. Dynamometer aging hours count toward the total aging
hours.

(d) Accelerated aging. Following zero-hour emission testing and any engine dynamometer aging,
perform accelerated aging using the cycle validated in either paragraph (a)(1) or (2) of this
section. Repeat the cycle the number of times required to reach faluseful life equivalent aging.
Interrupt the aging cycle as needed to conduct any scheduled intermediate emission tests, clean
the DPF of accumulated ash, and for any facility-related reasons. We recommended you interrupt
aging at the end of a given aging cycle, following the completion of any scheduled infrequent
regeneration event. If an aging cycle is paused for any reason, we recommended that you resume
the aging cycle at the same point in the cycle where it stopped to ensure consistent thermal and

chemical exposure of the aftertreatment system.
* * * * *

137. Amend subpart L by adding a new center header following § 1065.1145 and

adding §§ 1065.1147, 1065.1149, 1065.1151, 1065.1153, and 1065.1155 under that
center header to read as follows:

ACCELERATED AFTERTREATMENT AGING — SPARK-IGNITION AFTERTREATMENT

§ 1065.1147 General provisions related to accelerated aging of spark-ignition
aftertreatment for deterioration factor determination.

Sections 1065.1147 through 1065.1155 specify procedures for spark-ignition engine
aftertreatment systems to produce an aged aftertreatment system, in an accelerated fashion, for
durability demonstration. Determine the target number of hours that represents useful life for an
engine family as described in the standard setting part. The method described is a procedure for
translating field data that represents a given application into an accelerated aging cycle for that
specific application, as well as methods for carrying out aging using that cycle. The procedure is
intended to be representative of field aging and includes exposure to elements of both thermal
and chemical aging.

§ 1065.1149 Standard catalyst bench-aging procedure.

This section provides a means to accelerate aging of the catalyst-plus-oxygen-sensor system on a
catalyst aging bench. Accelerated aging is performed by testing the system over the standard
bench cycle (SBC) based on the calculated bench aging time, BAT, which uses catalyst time-at-
temperature data measured from field data over a cycle you develop or over the standard road
cycle (SRC) provided in Table 1 and Figure 1 of this section. You may develop your own
method to calculate bench aging with our approval. Demonstrate that your bench aging
calculations provide the same or larger amount of emission deterioration as the standard bench
aging procedure.

TABLE 1 OF § 1065.1149-STANDARD ROAD CYCLE (SRC)*P

Description Typical accel rate
peertet (mi/hr/s)

(start engine) Idle 10 sec
Moderate acceleration to 30 mi/hr

— [— I:
&

I~ S
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Cruise at 30 mi/hr for 1/4 lap

Moderate deceleration to 20 mi/hr

Moderate acceleration to 30 mi/hr

Cruise at 30 mi/hr for 1/4 lap

Moderate deceleration to stop

Idle for 5 seconds

Moderate acceleration to 35 mi/hr

Cruise at 35 mi/hr for 1/4 lap

Moderate deceleration to 25 mi/hr

Moderate acceleration to 35 mi/hr

Cruise at 35 mi/hr for 1/4 lap

Moderate deceleration to stop

Idle 10 sec

Moderate acceleration to 40 mi/hr

Cruise at 40 mi/hr for 1/4 lap

Moderate deceleration to 30 mi/hr

Moderate acceleration to 40 mi/hr

Cruise at 40 mi/hr for 1/4 lap

Moderate deceleration to stop

Idle for 5 seconds

Moderate acceleration to 45 mi/hr

Cruise at 45 mi/hr for 1/4 lap

Moderate deceleration to 35 mi/hr

Moderate acceleration to 45 mi/hr

Cruise at 45 mi/hr for 1/4 lap

Moderate deceleration to stop

Idle 10 sec

Hard acceleration to 55 mi/hr

Cruise at 55 mi/hr for 1/4 lap

Moderate deceleration to 45 mi/hr

Moderate acceleration to 55 mi/hr

Cruise at 55 mi/hr for 1/4 lap

Moderate deceleration to 45 mi/hr

Moderate acceleration to 60 mi/hr

Cruise at 60 mi/hr for 1/4 lap

Moderate deceleration to 50 mi/hr

Moderate acceleration to 60 mi/hr

Cruise at 60 mi/hr for 1/4 lap

Moderate deceleration to stop

Idle 10 sec

Hard acceleration to 80 mi/hr

IWIO“;IOINMI] IOIN|L',] IOIN|L',] IOI#IOMA IOIW|("I] IOIWIO|("I] IOIW|("I] IOIWIO|L',] IOI-P|L',] IOI-PIO|L',] IOI-P|L',] <

Coastdown to 70 mi/hr

1
—

Cruise at 70 mi/hr for 1/2 lap

Moderate deceleration to 50 mi/hr

Moderate acceleration to 65 mi/hr

Cruise at 65 mi/hr for 1/2 lap

Moderate deceleration to 50 mi/hr

Moderate acceleration to 75 mi/hr

Cruise at 75 mi/hr for 1/2 lap

Moderate deceleration to 50 mi/hr

Light acceleration to 70 mi/hr

Cruise at 70 mi/hr for 1/2 lap

| [l [[on [fon [fon lon 1 [T (1 [ [ 1 [ {1 100 [0 162 169 {19 {1 [ 62 169 (169 {19 [ [ [N I {119 {110 180 1IN 1N {119 {119 {180 I8 [IN I8 [0 [ [l [l [l [l [l i [l [l [l [ |

Moderate deceleration to 50 mi/hr

1L 12 = e = [ e |2 |
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Moderate acceleration to 70 mi/hr

IS

]
—

Coastdown to 60 mi/hr

Cruise at 60 mi/hr for 1/2 lap

Moderate deceleration to 50 mi/hr

Moderate acceleration to 65 mi/hr

Cruise at 65 mi/hr for 1/2 lap

Moderate deceleration to stop

Idle 45 sec

Hard acceleration to 55 mi/hr

Cruise at 55 mi/hr for 1/4 lap

Moderate deceleration to 40 mi/hr

Moderate acceleration to 55 mi/hr

Cruise at 55 mi/hr for 1/4 lap

Moderate deceleration to 40 mi/hr

Moderate acceleration to 50 mi/hr

Cruise at 50 mi/hr for 1/4 lap

Moderate deceleration to 40 mi/hr

Moderate acceleration to 50 mi/hr

Cruise at 50 mi/hr for 1/4 lap
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Moderate deceleration to stop

*The engine may be run in a vehicle on a track or on a mileage accumulation
dynamometer.

"The cycle consists of 7 laps of a 3.7-mile course. The length of the lap may
be changed to accommodate the length of the service-accumulation track.
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FIGURE 1 OF § 1065.1149—STANDARD ROAD CYCLE (SRC)
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(a) Standard bench cycle (SBC). Perform standard catalyst bench aging by following the SBC,

as described in § 1065.1153.

(b) Catalyst time-at-temperature data. (1) Measure the catalyst temperature over at least two full
cycles of the SRC or use temperature data acquired in the field to obtain your catalyst time-
at-temperature.

(2) Measure the catalyst bed temperature at the highest peak temperature location in the
hottest catalyst on the vehicle or engine as described in § 1065.1155(f). We recommend
using thermocouples that are 1.6 mm in diameter to ensure fast response to temperature
changes. Alternatively, the temperature may be measured at another location providing that it
is adjusted to represent the temperature measured at the hottest location using good
engineering judgement.

(3) Measure the catalyst temperature at a minimum of 1 Hz.

(4) Use the measured catalyst temperature results to generate a histogram with temperature
bins of no larger than 25 °C.

(¢) Bench-aging time. Determine bench aging time, BAT, using the following series of

equations:

(1) Determine the equivalent catalyst aging time, f.bin, at the effective reference temperature,
T:, on the catalyst aging bench using the catalyst aging cycle to produce the same amount of
deterioration experienced by the catalyst due to thermal deactivation at the temperature bin,
Ty, over the vehicle’s useful life.
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tebin = th - e<(%)_(%))

Eq. 1065.1149-1

Where:

tn = time measured within the prescribed temperature bin of the vehicle’s catalyst
temperature histogram adjusted to a full useful life basis, in hours. For example, if the
histogram represented 400 miles, and full useful life was 100,000 miles; all histogram time
entries would be multiplied by 250 (100,000/400).

R = catalyst thermal reactivity coefficient = 17,500 for the SBC. You may optionally develop
your own coefficient using the procedure described in § 1065.1151.

T: = the effective reference temperature of the catalyst on the catalyst bench run on the bench
aging cycle, in °K. The effective temperature is the constant temperature that would result in
the same amount of aging as the various temperatures experienced during the bench aging
cycle.

T, = the mid-point temperature of the temperature bin of the vehicle or engine catalyst
temperature histogram, in °K.

(2) Determine the equivalent time to age the catalyst at the temperature of 7 on the catalyst
aging bench using the catalyst aging cycle, fotal. This equivalent time is determined by
summing the time for all temperature bin results from Eq. 1065.1149-1 which will result in
the same amount of deterioration experienced by the catalyst due to thermal deactivation
over the vehicle’s full useful life.

n

letotal = Z te bini

=0
Eq. 1065.1149-2

Where:
n = total number of temperature bins.
i = an indexing variable that represents one temperature bin.

(3) Determine BAT.
BAT = A - Le total
Eq. 1065.1149-3

Where:
A = catalyst aging adjustment time to account for deterioration from sources other than
thermal aging of the catalyst = 1.1. You may develop your own adjustment factor using good
engineering judgement, without prior EPA approval, to ensure that the durability process will
achieve the durability objective of § 1065.1147. You may account for chemical aging using
fuel with additional compounds that may lead to catalyst poisoning, such as phosphorus,
sulfur or lead. If you choose this option, you must calculate a new, 4, and ensure that the
durability objective of this section is achieved.
(d) Effective reference temperature on the SBC. Determine the effective reference temperature
of the standard bench cycle (SBC) for the actual catalyst system design and actual aging bench
used, using the following procedures:
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(1) Measure the catalyst system time-at-temperature while being tested on the catalyst aging
bench over the SBC.
(1) Measure catalyst temperature at the highest peak temperature location of the hottest
catalyst in the system. Alternatively, the temperature may be measured at another
location providing that it is adjusted to represent the temperature measured at the hottest
location using good engineering judgement.
(i1) Measure catalyst temperature at 1 Hz for at least 20 minutes of bench aging cycle.
(iii) Use the measured catalyst temperature results to generate a histogram with
temperature bins of no larger than 10 °C.
(2) Use Eq. 1065.1149-1 to iteratively calculate the effective reference temperature by
changing the reference temperature, 77, until the calculated aging time equals the actual time
represented in the catalyst temperature histogram. The resulting temperature is the effective
reference temperature on the SBC for that catalyst system and aging bench.
(e) Catalyst aging bench. Use good engineering judgement to design a catalyst aging bench that
follows the SBC and delivers the appropriate exhaust constituents and exhaust temperature to the
face of the catalyst. Use good engineering judgment to select an appropriate exhaust flow. Good
engineering judgment would include selecting an exhaust flow equal to the average exhaust flow
over the road cycle, within +£10 %.
(1) Design your catalyst aging bench as described in § 1065.1155. You may use another
design that results in equivalent or superior results with our prior approval.
(2) Design your catalyst aging bench to record appropriate information such as lambda and
catalyst time-at-temperature to ensure that sufficient aging has occurred.

§ 1065.1151 Experimentally determining the catalyst thermal reactivity coefficient (R) for
bench aging durability procedures.

If you choose not to use the default catalyst thermal reactivity coefficient that follows in Eq.
1065.1149-1, experimentally determine the coefficient using the following procedure:

(a) Use the applicable bench cycle and aging bench hardware to age at least three catalysts at
different control temperatures ranging between the normal operating temperature and the damage
limit temperature. Measure emissions during this aging for all regulated pollutants. Ensure that
the final testing yields emission data between one- and two-times the standard.

(b) Estimate the catalyst thermal reactivity coefficient and calculate the effective reference
temperature, 75, for the bench aging cycle for each control temperature according to the
procedure described in § 1065.1149(d).

(c) Generate a plot of emissions (or catalyst inefficiency) versus aging time for each catalyst.
Calculate the least-squared best-fit line through the data. The data should have a common
intercept between 0 and 4000 miles. The following figure provides an example of the plot:

130



FIGURE 1 OF § 1065.1151—CATALYST INEFFICIENCY VERSUS AGING TIME
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(d) Calculate the slope of the best-fit line for each aging temperature.

(e) Plot the natural log (In) of the slope of each best-fit line determined in paragraph (d) of this
section along the vertical axis, versus the inverse of aging temperature (1/(aging temperature, °
K)) along the horizontal axis. Calculate the least-squared best-fit lines through the data. The
slope of the line is the catalyst thermal reactivity coefficient. The following figure provides an

example of the plot:
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FIGURE 2 OF § 1065.1151—LEAST-SQUARED BEST-FIT OF LINES DETERMINED IN PARAGRAPH (D) OF
THIS SECTION VERSUS THE INVERSE OF AGING TEMPERATURE.
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(f) Compare the catalyst thermal reactivity coefficient to the initial value that was used in
paragraph (b) of this section. If the calculated catalyst thermal reactivity coefficient differs from
the initial value by more than 5%, choose a new coefficient that is between the initial and
calculated values, then repeat the steps in paragraphs (b) through (f) of this section to derive a
new coefficient. Repeat this process until the calculated catalyst thermal reactivity coefficient is
within 5% of the initially assumed coefficient.

(g) Compare the catalyst thermal reactivity coefficient determined separately for each
constituent. Use the lowest catalyst thermal reactivity coefficient for calculating BAT.

§ 1065.1153 Standard bench cycle (SBC).

The standard bench aging durability procedure consists of aging a catalyst-oxygen-sensor system
on an aging bench that follows the SBC.

(a) The SBC requires use of an aging bench (exhaust gas generator) with an engine or burner as
the source of feed gas for the catalyst.

(b) The SBC is a 60-second cycle which is repeated on the aging bench for the duration of the
procedure. The SBC is defined based on the duration of a given operating mode and associated
catalyst bed temperature, exhaust lambda, and the amount of secondary air injection added
upstream of the catalyst. Maintain the exhaust flow rate as described in § 1065.1149(e). You may
develop and use your own bench cycle with our approval. Demonstrate that your bench cycle
provides the same or a larger amount of emission deterioration as the standard bench cycle.

(c) Instrument the catalyst to measure the bed temperature at the location where the highest peak
bed temperature occurs in the hottest catalyst. Alternatively, measure the feed gas temperature
and convert it to catalyst bed temperature using a linear transform calculated from correlation
data collected on the catalyst design and aging bench used in the aging process.
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(d) Control the catalyst bed temperature at stoichiometric conditions (Mode 1), Tlambdal, tO a
minimum of 800 °C (£10 °C) by selecting the appropriate operating conditions (fueling and air
flow) for the aging bench. Note that the catalyst bed temperature might be out of tolerance in
Mode 1 initially after the transition from Mode 4. Control the maximum catalyst temperature that
occurs during the cycle, Tlambdarich, t0 890 °C (£10 °C) by selecting the appropriate aging bench
lambda during the “rich” phase described in the table below. Note that the temperatures given in
this paragraph are based on neat (EQ) gasoline and the temperatures will change with fuel type.
(e) If a Mode 1 target catalyst bed temperature other than 800 °C is utilized, set the high control
temperature to 90 °C greater than the Mode 1 catalyst bed temperature.

TABLE 1 OF § 1065.1153—STANDARD BENCH CYCLE (SBC)
Mode Time (seconds) | Aging bench operating conditions Secondary air injection
1 1-40 Lambda = 1 with operating None
conditions set to achieve the
targeted catalyst bed temperature

(typically a minimum of 800 °C)

and exhaust flow rate.

2 4143 Same as Mode 3. None
3 46-55 “Rich” (lambda selected to achieve | 3 % (£0.1 %)
a maximum catalyst temperature
over the entire cycle of 890 °C, or
90 °C higher than low control
temperature).
4 56-60 3 % (£0.1 %)

Same as Mode 1.
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FIGURE 1 OF § 1065.1153—STANDARD BENCH CYCLE
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§ 1065.1155 Aging bench equipment and procedures.

This section provides specifications for the standard aging bench equipment and aging
procedures used to conduct catalyst bench aging under the provisions of § 1065.1147.

(a) Design the aging bench to provide the appropriate temperature, lambda, exhaust constituents
and secondary air injection at the inlet face of the catalyst. Maintain the exhaust flow rate as
described in § 1065.1149(e).

(b) The standard aging bench consists of an engine, engine controller, and engine dynamometer.
You may use other configurations, such as a burner that provides the correct exhaust conditions,
as long as the catalyst inlet conditions and control features specified in this section are met. You
may split the exhaust flow into multiple streams to simultaneously age multiple catalyst systems.
(c) Use the appropriate fuel specified in §§ 1065.710(b), 1065.715, or 1065.720. Use good
engineering judgment to select a representative commercial oil to use in the engine.

(d) Install the entire catalyst(s)-plus-oxygen-sensor(s) system, together with all exhaust piping
which connects these components, on the bench. Install each bank of the exhaust system
separately on the bench for engines with multiple exhaust streams. You may request approval to
age the oxygen sensor system separately.

(e) Install the entire catalyst system as a unit for aging; including all catalysts, all oxygen sensors
(if not aged separately) and the associated exhaust piping for exhaust systems that contain
multiple in-line catalysts. You may shorten the distance between the emission source and catalyst
as needed to accommodate installation. Alternatively, each individual catalyst may be separately
aged for the appropriate period of time.
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(f) Measure catalyst temperature using a thermocouple placed in the catalyst bed at the location
where the highest peak temperature occurs in the hottest catalyst. We recommend using
thermocouples that are 1.6 mm in diameter to ensure fast response to temperature changes.
Record catalyst temperature at 1 Hz during the aging procedure.

(2) Measure lambda as close as possible to the catalyst inlet flange at 1 Hz during the aging
procedure.

(h) Maintain exhaust flow rate as described in § 1065.1149(e). Determine proper flow rate based
upon the exhaust flow that would occur at the engine’s steady state speed and load selected for
the bench aging in paragraph (i) of this section.

(1) Set the engine speed, load, and spark timing to achieve a catalyst bed temperature of 800 +10
°C at steady-state stoichiometric operation.

(1) Set the air injection system to produce 3.0 +£0.3 % oxygen in the steady-state stoichiometric
exhaust stream. Use good engineering judgment to locate the secondary air injection point at a
position upstream of the catalyst to ensure well mixed exhaust. A typical reading at the upstream
measurement point is lambda 1.16, which equates to approximately 3 % oxygen. Measure the
oxygen concentration resulting from the secondary air injection (10 to 20) mm downstream of
the secondary air injection point.

(k) Set the “Rich” lambda, with the air injection on, to produce a catalyst bed temperature of 890
+10 °C. A typical lambda value for this step is 0.94, which equates to approximately 2 % CO.

(1) The standard bench aging procedure uses the SBC in § 1065.1153. Repeat the SBC until the
amount of aging calculated from Eq. 1065.1149-3 is achieved.

(m) Periodically verify the temperature, lambda, and exhaust flow rate values from paragraphs
(), (g), and (h) of this section at least every 50 hours during aging. Make adjustments as
necessary to ensure that the SBC is properly followed throughout the aging process.

(n) Once the aging cycle is complete, generate a histogram of the catalyst time-at-temperature
from the data collected during the aging process with temperature bins of no larger than 10 °C.
Verify that the appropriate amount of thermal aging of the catalyst occurred using the BAT value
from Eq. 1065.1149-3 and the calculated effective reference temperature for the aging cycle
from § 1065.1149(d). Extend the bench aging if the thermal effect of the calculated aging time is
not at least 95 % of the target thermal aging.

(0) Use special low temperature startup and shutdown procedures to ensure that the maximum
catalyst temperature for rapid deterioration (e.g., 1050 °C) does not occur.

135



APPENDIX 6

138. A new part 1071 is added to subchapter U of chapter I to read as follows:

PART 1071—NONCONFORMANCE PENALTIES

Subpart A—Program Overview

§ 1071.1 Applicability and general provisions.

§ 1071.5 Criteria for adopting nonconformance penalties.

§ 1071.10 Establishing Upper Limits.

§ 1071.15 Qualifying for nonconformance penalties.

Subpart B—Compliance Provisions

§ 1071.30 General provisions for Production Compliance Audits.
§ 1071.35 Maintenance and testing procedures for Production Compliance Audits.
§ 1071.40 Determining the Compliance Level.

§ 1071.45 Fail thresholds.

§ 1071.50 Test reporting.

§ 1071.55 Recordkeeping.

§ 1071.60 EPA testing.

§ 1071.65 Labeling.

Subpart C—Penalty Provisions

§ 1071.80 Penalty parameters for specific standards.

§ 1071.85 Calculating the nonconformance penalty.

§ 1071.90 Making payments.

Subpart D—Administrative Provisions

§ 1071.100 Entry and access.

§ 1071.105 Suspending and voiding certificates of conformity.

§ 1071.110 Hearing procedures.

§ 1071.115 Confidential information.

§ 1071.120 List of acronyms.

Appendix A to Part 1071—Penalty Parameter Values for Historical Standards

Authority: 42 U.S.C. 7401-7671q.
Subpart A—Program Overview

§ 1071.1 Applicability and general provisions.

(a) This part describes how nonconformance penalties apply for qualifying motor vehicles and
motor vehicle engines. Nonconformance penalties allow manufacturers to produce vehicles or
engines that do not meet new emission standards, with the penalty designed to avoid a
competitive advantage from producing higher-emitting vehicles or engines.

(b) Nonconformance penalties may apply relative to new standards that apply for motor vehicles
above 6,000 pounds GVWR and for engines that will be installed in such vehicles.
Nonconformance penalties apply for specific emission standards and for specific classes of
vehicles and engines as specified in this part. We may establish nonconformance penalties by
dividing vehicles into classes based on any relevant parameters.
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(c) Participating manufacturers determine a Compliance Level to characterize the level of
emission control as described in subpart B of this part. The amount of the penalty is calculated
by comparing the Compliance Level to the published emission standard as described in subpart C
of this part. The Compliance Level also serves as the emission standard for compliance testing
with individual vehicles or engines.
(d) Unless we specify otherwise, send all reports and requests for approval to the Designated
Compliance Officer (see 40 CFR 1068.30). See §§ 1071.50 and 1071.55 for specific reporting
and recordkeeping provisions.
(e) All terms in this part have the meaning given in the Clean Air Act (42 U.S.C. 7401-7671q).
The following conventions and definitions apply for this part:
(1) The term “you” means the manufacturer certifying vehicles or engines with
nonconformance penalties as specified in this part.
(2) References to “NCP families” are understood to include engine families for engine-based
exhaust emission standards for vehicle-based evaporative and refueling emission standards.
References to “NCP families” are also understood to include test groups and durability
groups for vehicle-based exhaust emission standards.
(3) Good engineering judgment has the meaning given in 40 CFR 1068.30.
(4) Round has the meaning given in 40 CFR 1065.1001.
(5) Configuration has one of the following meanings:
(1) For vehicle-based standards, configuration has the meaning given for “vehicle
configuration” in 40 CFR 86.1803-01.
(i1) For engine-based standards, configuration has the meaning given for “engine
configuration” in 40 CFR 1036.801.

§ 1071.5 Criteria for adopting nonconformance penalties.

We will determine whether nonconformance penalties are appropriate for a given emission

standard for a given class of vehicles or engines as described in this section based on our

evaluation of criteria designed to assess the likelihood that a manufacturer will be
technologically unable to meet the emission standard on time.

(a) Criteria. We will establish a nonconformance penalty if the following three criteria apply:
(1) There 1s a new emission standard. The new emission standard may result from adopting a
standard that is more stringent than what we adopted previously. An existing emission
standard might also be considered new if meeting that standard becomes more difficult
because of a new or revised standard for a different pollutant. An emission standard is no
longer new under this paragraph (a)(1) when all manufacturers already producing U.S.-
directed vehicles or engines within the class comply with the standard without using
emission credits.

(2) Meeting the relevant standard requires (or required) application of new technology or
significant modification of existing technology, as evaluated from the point at which we
adopted the new standard (or from the point at which we adopted an emission standard for a
different pollutant that made it more difficult to meet the relevant standard).

(3) There is a manufacturer that is unable, or will likely be unable, for technological reasons
to meet the emission standard for one or more vehicle or engine models within the class.

(b) Evaluation. We will evaluate the criteria in paragraph (a) of this section based on any

available information. We will not establish a nonconformance penalty if we determine that any

of the specified criteria do not apply. We may establish a nonconformance penalty if we
determine that the criterion in paragraph (a)(3) applies even if we are uncertain whether one or
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both criteria in paragraphs (a)(1) and (2) apply. If we determine that a manufacturer will fail to
meet a standard, we may establish a nonconformance penalty even if we are not certain that the
failure is for technological reasons.

§ 1071.10 Establishing Upper Limits.
A vehicle or engine you certify with a nonconformance penalty must have a Compliance Level
that is at or below an Upper Limit that we establish by rulemaking. This section describes how
we establish the Upper Limit.
(a) The Upper Limit will generally be the previous emission standard. We may select a more
stringent Upper Limit if we determine that all the vehicles or engines in the class can meet the
more stringent Upper Limit. Conversely, we may select an appropriately less stringent Upper
Limit if we determine that not all the vehicles or engines in the class can meet the previous
standard.
(b) The following provisions apply for carryover NCP families certified to the relevant emission
standard with a Family Emission Limit:
(1) Except as specified in paragraph (b)(2) of this section, if the Family Emission Limit is
above the previous emission standard, we may set the Upper Limit for that NCP family to be
equal to the Family Emission Limit.
(2) If the Upper Limit under paragraph (a) of this section is more stringent than the previous
emission standard, the Upper Limit for the carryover NCP family is the previous emission
standard.
(c) We will set an appropriate Upper Limit if there is no previous standard, or if the
nonconformance penalty is based on an existing standard becoming more difficult because of a
new or revised standard for a different pollutant.

§ 1071.15 Qualifying for nonconformance penalties.
This section describes how you may produce vehicles or engines that comply using
nonconformance penalties under this part in spite of exceeding an emission standard.
(a) Nonconformance penalties are available for the following standards and classes of vehicles or
engines:
(1) Medium HDE subject to the 35 mg/hp-hr NOx standard in 40 CFR 1036.104.
(2) Heavy HDE subject to the 35 mg/hp-hr NOx standard in 40 CFR 1036.104.
(b) Vehicles and engines you certify using nonconformance penalties must be in their own
engine family or test group. We refer to these separately certified groups of vehicles and engines
as NCP families. Vehicles and engines you certify using emission credits are not eligible for
nonconformance penalties.
(c¢) You are eligible to produce vehicles or engines with a Compliance Level up to the Upper
Limit as described in this section in either of the following circumstances:
(1) Your application for certification has a certified emission level that exceeds an emission
standard identified in paragraph (a) of this section, but it is at or below the associated Upper
Limit. Note that this may occur if you otherwise would need to amend an existing application
for certification to include a new or modified configuration that has a certified emission level
that exceeds an emission standard identified in paragraph (a) of this section.
(2) One of your test groups or engine families fails a Selective Enforcement Audit under
40 CFR part 86, subpart G, or part 1068, subpart E, with respect to a standard identified in
paragraph (a) of this section.
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(d) The following requirements apply with respect to vehicles and engines qualifying for
nonconformance penalties under this part:
(1) You must establish a Compliance Level as described in subpart B of this part that is at or
below the Upper Limit. You must also send us test results and keep records associated with
Production Compliance Audits, as applicable.
(3) You must label vehicles or engines as described in § 1071.65.
(4) You must make timely payments as described in §§ 1071.85 and 1071.90.

Subpart B—Compliance Provisions

§ 1071.30 General provisions for Production Compliance Audits.
Unless otherwise specified in § 1071.80, the Compliance Level for establishing a per-vehicle or
per-engine nonconformance penalty under this part is based on test results from Production
Compliance Audits. Paragraphs (a) and (b) of this section describe administrative and procedural
provisions that apply for two different scenarios.
(a) You may start to produce vehicles or engines with a certified emission level exceeding an
emission standard as described in § 1071.15(c)(1) under a certificate of conformity that is subject
to the following conditions:
(1) You must agree to conduct a Performance Compliance Audit as described in § 1071.35.
The Compliance Level from the tested configurations applies for the whole NCP family
unless we approve your proposed approach to test additional configurations and divide
different configurations across the NCP family into subfamilies based on similar emission
characteristics for establishing different Compliance Levels.
(2) You must agree to pay the nonconformance penalty resulting from the Production
Compliance Audit for each affected vehicle or engine you produce, subject to the hearing
provisions in § 1071.110.
(3) You must agree to meet recall requirements for all affected configurations with a
Compliance Level that exceeds the Upper Limit. Recall requirements are in 40 CFR part 85,
subpart S, for vehicles and in 40 CFR part 1068, subpart F, for engines. Recall requirements
apply without a separate EPA determination under 40 CFR 85.1802(a) or 1068.505(a).
(4) You must start to select and test vehicles or engines within five days after you start to
produce affected vehicles or engines, unless we agree to allow additional time.
(5) If the Production Compliance Audit results in a Compliance Level at or below the
emission standard, you may produce vehicles or engines for all affected configurations under
the existing certificate of conformity and the conditions in paragraph (a)(2) and (3) of this
section do not apply.
(6) You may add a configuration to an NCP family certified with nonconformance penalties
or change a configuration already included in the NCP family by amending your application
for certification as described in 40 CFR 86.1842-01 for vehicles and for engines as described
in 40 CFR 1036.225 for engines, subject to the following conditions:
(1) If the existing Compliance Level continues to be appropriate for the new or changed
configuration, you may treat those vehicles or engines like the others in the NCP family.
(i1) If your new or changed configuration fully complies with current emission standards,
you may certify those vehicles or engines in a separate family that is not subject to
nonconformance penalties.
(i11) You may perform a Production Compliance Audit as described in § 1071.35 with
vehicles or engines in the new or changed configuration (or configurations) to establish a
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Compliance Level. If the Compliance Level for the new or changed configuration is
lower than the earlier Compliance Level but still does not meet current emission
standards, you may include affected vehicles or engines in a new subfamily that uses the
new Compliance Level.
(b) If a vehicle or engine family fails a Selective Enforcement Audit as described in
§ 1071.15(¢c)(2), you may establish an NCP family and continue to produce vehicles or engines
from the NCP family, subject to the following conditions:
(1) Within five days after you conclude the Selective Enforcement Audit, send us a written
report describing your plan to conduct a Production Compliance Audit, including the date
you will start testing. If the Selective Enforcement Audit was conducted on an engine family
with a certified emission level at or below emission standards, state that you intend to
continue production without making changes to remedy the nonconformity while you
conduct a Production Compliance Audit.
(2) You must agree to pay the Nonconformance Penalty resulting from the Production
Compliance Audit for each affected vehicle or engine you produce, subject to the hearing
provisions in § 1071.110.
(3) You must agree to meet recall requirements as described in paragraph (a)(3) of this
section.
(4) You must select vehicles or engines for the Production Compliance Audit that you
produced with the same configuration (or configurations) as you tested in the Selective
Enforcement Audit. Unless we instruct otherwise, the provisions of the test order for the
Selective Enforcement Audit apply equally for the Production Compliance Audit.
(5) You must start to select and test vehicles or engines within ten days after you conclude
the Selective Enforcement Audit, unless we agree to allow additional time.
(6) Include measured values from the Selective Enforcement Audit along with test results
from the Production Compliance Audit to determine the Compliance Level under § 1071.40.
(7) If the Selective Enforcement Audit was conducted on a vehicle family or engine family
already subject to a Nonconformance Penalty and the Production Compliance Audit results in
a Compliance Level at or below the emission standard, you no longer need to pay
Nonconformance Penalties for vehicles or engines demonstrated to meet emission standards.
(¢) You are disqualified from pursuing nonconformance penalties under this part if you fail to
meet a deadline to start testing or if you fail to meet a deadline to send us a report after
concluding a Selective Enforcement Audit, unless you convince us that the delay was justified.
You are similarly disqualified from establishing a reduced Compliance Level under paragraph
(b) of this section if you fail to meet a deadline to start testing or if you fail to meet a deadline to
send us a report after concluding a Selective Enforcement Audit.

§ 1071.35 Maintenance and testing procedures for Production Compliance Audits.

(a) If you perform a Production Compliance Audit, we will send you instructions that are
analogous to a test order for a Selective Enforcement Audit under 40 CFR part 1068, subpart E.
Testing will generally require that you measure emissions of all regulated pollutants.

(b) Select and prepare vehicles or engines for testing as described in 40 CFR 1068.410. Our test
order will address selection criteria for establishing a test sample that properly represents the
NCP family.

(c) Test vehicles or engines as described in 40 CFR 1068.415; however, for vehicle testing, the
default minimum testing rate is four vehicles per day. Measurements generally involve testing
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vehicles as described in 40 CFR part 86, subpart S, and 40 CFR part 1066, and testing engines as
described in 40 CFR part 1036, subpart F, and 40 CFR part 1065.

(d) You must take all necessary steps to complete the audit without delay.

(e) You may ship a tested vehicle or engine before establishing the Compliance Level under

§ 1071.40 only if it has deteriorated emission results at or below applicable emission standards.
You may not retest any vehicle or engine after you ship it.

§ 1071.40 Determining the Compliance Level.
Determine the Compliance Level for the NCP family based on test results from a sample of
vehicles or engines as described in this section. You may select a Compliance Level above the
value you determine from testing under this section, as long as it is below the Upper Limit.
(a) Establish final deteriorated test results for each tested vehicle or engine as follows:
(1) The initial test result is the measured value from testing for comparing to the standard as
described in § 1071.35. Determine the final test result by summing the initial test results from
all the tests for a given vehicle or engine, dividing by the number of tests, and rounding to
one more decimal place than the applicable standard.
(2) Apply the NCP family’s multiplicative or additive deterioration factor to the final test
result, along with any infrequent regeneration adjustment factors from your application for
certification, to determine the final deteriorated test result. Round the final deteriorated test
results to the same number of decimal places as the applicable standard.
(b) The Compliance Level is intended to represent the 60" percentile deteriorated emission level
for a population. Except as specified in paragraph (c) of this section, determine the Compliance
Level using the following primary sampling and calculation method:
(1) Determine final deteriorated test results for at least 24 vehicles or engines. If the
Production Compliance Audit follows an NCP family failing a Selective Enforcement Audit,
consider all the tests from the Selective Enforcement Audit to be part of the Production
Compliance Audit under this paragraph (b); you must conduct additional testing for the
Production Compliance Audit only as needed to test 24 vehicles or engines.
(2) Arrange the final deteriorated test results from all test vehicles or engines from the lowest
to the highest value. Determine the Compliance Level based on the 60™ percentile
deteriorated emission level as follows:
(1) If there were exactly 24 test vehicles or engines, the Compliance Level is the final
deteriorated test result for vehicle or engine number 15 in the sequence (where engine
number 1 has the lowest final deteriorated test result).
(11) If there were more than 24 test vehicles or engines, multiply the total number of test
vehicles or engines by 0.6 and express the result as a ceiling function to the nearest whole
number. For example, the Compliance Level is the final deteriorated test result for
vehicle or engine number 17 in the sequence if the total number of test vehicles or
engines is either 27 (27x0.6=16.2) or 28 (28x0.6=16.8).
(¢) You may determine the Compliance Level based on either of the alternative sampling
methods for reduced testing in paragraph (c)(1) or (2) of this section. You may start with an
alternative sampling method and expand your testing to instead determine the Compliance Level
based on testing at least 24 vehicles or engines as described in paragraph (b) of this section. If
the Production Compliance Audit follows an NCP family failing a Selective Enforcement Audit,
consider all the tests from the Selective Enforcement Audit to be part of the Production
Compliance Audit under this paragraph (c).
(1) The fixed reduced sampling plan applies as follows:
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(1) Select at least three and up to 23 vehicles or engines for testing.
(i1) Calculate the Compliance Level, CL, based on the cumulative sample of tested
vehicles or engines using the following equation, rounding the result to the same number
of decimal places as the emission standard:

CL=e+k-o

Eq. 1071.40-1

Where:

é = The arithmetic mean of final deteriorated test results from the set of tested
vehicles or engines. See 40 CFR 1065.602(b).

k= A constant based on the size of the test sample, as shown in paragraph (c)(4) of
this section for fixed reduced sampling.

o = The standard deviation of the final deteriorated test results from the set of tested
vehicles or engines. See 40 CFR 1065.602(c).

(ii1) You may increase the sample size by any number of vehicles or engines, up to the
maximum of 23, to recalculate the Compliance Level.
(2) The sequential reduced sampling plan applies as follows:
(1) Select a sample size of 4, 8, 12, 16 or 20 vehicles or engines for testing.
(i1) Calculate the Compliance Level as described in paragraph (c)(1)(ii) of this section but
use the value of k from paragraph (c)(4) of this section for sequential reduced sampling.
(ii1) You may increase the sample size by one or more sets of four vehicles or engines, up
to the maximum of 20, to recalculate the Compliance Level.
(3) The Compliance Level for the cumulative sample of tested vehicles or engines always
replaces previously calculated values.
(4) Calculate the Compliance level for alternative sampling plans in this paragraph (c) based
on the values of k from the following table:
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TABLE 1 OF §1071.40(c)(4) VALUES OF kK FOR ALTERNATIVE SAMPLING PLANS

Sample Fixed reduced sampling Sequential reduced sampling
size under paragraph (c)(1) under paragraph (c)(2)
3 1.602 —
4 1.114 1.671
5 0.895 —
6 0.764 —
7 0.674 —
8 0.608 0.912
9 0.555 —
10 0.513 —
11 0.478 —
12 0.448 0.672
13 0.422 —
14 0.399 —
15 0.379 —
16 0.360 0.540
17 0.343 —
18 0.328 —
19 0.314 —
20 0.301 0.451
21 0.289 —
22 0.277 —
23 0.266 —

§ 1071.45 Fail thresholds.

(a) A vehicle or engine you test under this subpart fails if its final deteriorated test result exceeds
the final value of the Compliance Level under this subpart. For any other regulated pollutant, a
vehicle or engine fails if its final deteriorated test result exceeds the applicable standard.

(b) An NCP family fails if the Compliance Level exceeds the Upper Limit.

(c) Section 1071.105 describes the consequences of failing under this section.

§ 1071.50 Test reporting.

(a) Within 30 days after completing the audit, send us a report with the following information:
(1) Describe any facility used for testing under this subpart and state its location.
(2) Identify the standards that apply for tested vehicles or engines.
(3) Identify the deterioration factors you used to certify the NCP family.
(4) Describe each tested vehicle or engine, including the NCP family name, model year,
build date, vehicle or engine configuration, model number, identification number, and
number of hours of operation before testing.
(5) Identify where you accumulated hours of operation on the vehicles or engines and
describe the procedure and schedule you used.
(6) Provide the test number and identify the test procedure and the date, time, and duration of
testing. Also provide initial test results, final test results, and final deteriorated test results as
described in § 1071.40(a) for all tests. Provide emission figures for all measured pollutants.
Include information for both valid and invalid tests and the reason for any invalidation.
(7) Identify the Compliance Level, consistent with § 1071.40.
(8) Describe completely and justify any nonroutine adjustment, modification, repair,
preparation, maintenance, or test for the test vehicle if you did not report it separately under
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this subpart. Include the results of any emission measurements, regardless of the procedure or
type of equipment.
(b) We may ask you to add information to your written report, so we can determine whether your
new vehicles or engines conform to the requirements of this part.
(c) An authorized representative of your company must sign the following statement: “We
submit this report under Clean Air Act section 206. Our testing conformed completely with the
requirements of 40 CFR part 1071. All the information in this report is true and accurate to the
best of my knowledge. I know of the penalties for violating the Clean Air Act and the
regulations.” (Authorized Company Representative)
(d) Send reports to the Designated Compliance Officer using an approved information format. If
you want to use a different format, send us a written request with justification for a waiver.
(e) We may post test results on publicly accessible databases and we will send copies of your
reports to anyone from the public who asks for them, consistent with 40 CFR 1068.11.

§ 1071.55 Recordkeeping.
(a) We may review your records at any time so it is important to keep required information
readily available. Organize and maintain your records as described in this section.
(b) Keep records for testing under this subpart for six years after you complete all the testing
required for the Production Compliance Audit. You may use any format and on any media, as
long as you can promptly send us organized, written records in English if we ask for them.
(c) Keep a copy of reports you submit to us.
(d) Keep the following additional records:
(1) A description of all equipment identified in 40 CFR part 1065, subparts B and C, and 40
CFR part 1066, subpart B, that you used to test vehicles or engines under this part.
(2) A complete record of each test, including the information identified in 40 CFR part
1065.695 or 1066.695.
(3) The names of supervisors involved in each test.
(4) The name of anyone who authorizes adjusting, repairing, preparing, or modifying a test
vehicle or engine and the names of all supervisors who oversee this work.
(5) If you shipped the vehicle or engine for testing, the date you shipped it, the assembly
plant or associated storage or port facility, and the date the vehicle or engine arrived at the
testing facility.
(6) Any records related to your audit that are not in the written report.
(7) A brief description of any significant events during testing not otherwise described in
submitted reports or in this section, such as engine damage during shipment.
(e) We may ask you to keep or send other information necessary to implement this subpart.

§ 1071.60 EPA testing.

We may perform testing as described in this subpart by measuring emissions from any of your
production vehicles or engines. If you certify engines using powertrain testing as specified in 40
CFR 1036.501(h), this section also applies for the powertrain test results.

(a) We may decide to do the testing at your plant or any other facility. If we do this, you must
deliver the engine to a test facility we designate. The engine you provide must include
appropriate manifolds, aftertreatment devices, ECMs, and other emission-related components not
normally attached directly to the engine block. If we do the testing at your plant, you must
schedule it as soon as possible and make available the instruments, personnel, and equipment we
need.
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(b) If we measure emissions on your engine, the results of that testing become the official
emission results for the engine as specified in this paragraph (c). We will generally consider your
data in determining if your NCP family meets applicable requirements in this part only if we
later invalidate our data.

(c) Before we test one of your engines, we may set its adjustable parameters to any point within
the practically adjustable ranges.

(d) Before we test one of your engines, we may calibrate it within normal production tolerances
for anything we do not consider an adjustable parameter. For example, we may calibrate it within
normal production tolerances for an engine parameter that is subject to production variability
because it is adjustable during production but is not considered an adjustable parameter because
it is permanently sealed. For parameters that relate to a level of performance that is itself subject
to a specified range (such as maximum power output), we will generally perform any calibration
under this paragraph (d) in a way that keeps performance within the specified range.

§ 1071.65 Labeling.
(a) Vehicles or engines you certify with a nonconformance penalty must have an emission
control information label as described in the standard-setting part, with the following exceptions
and clarifications:
(1) Within 10 days after you establish the Compliance Level, you must include the following
statement on the emission control label or on a supplemental label:
The manufacturer of this [vehicle or engine, as applicable] pays a nonconformance
penalty allowing it to be introduced into U.S. commerce at an emission level higher than
the applicable emission standard. The Compliance Level is [identify the applicable
Compliance Level and pollutant].
(2) Amend the compliance statement to say that the vehicle or engine complies with current
standards using nonconformance penalties. For example, include the following compliance
statement for heavy-duty engines certified under 40 CFR part 86 or part 1036:
THIS ENGINE USES NONCONFORMANCE PENALTIES TO COMPLY WITH U.S.
EPA REGULATIONS FOR [MODEL YEAR] HEAVY-DUTY HIGHWAY ENGINES.”
(32) If you produce vehicles or engines subject to a nonconformance penalty and you
introduce them into U.S. commerce without the label statement described in paragraph (a)(1)
of this section, you or your agent must apply a supplemental label to all affected vehicles or
engines with the statement in paragraph (a)(1) of this section within 30 days after completing
the Production Compliance Audit.
(43) Apply supplemental labels close to the emission control information label, consistent
with good engineering judgment.
(b) You may ask us to approve modified labeling requirements in this section if you show that it
is necessary or appropriate. We will approve your request if your alternative label is consistent
with the intent of the labeling requirements of this section.

Subpart C—Penalty Provisions

§ 1071.80 Penalty parameters for specific standards.
(a) Implementing penalty provisions for a given standard depends on establishing values for the
following parameters, most of which are illustrated in Figure 1 of § 1071.85:

(1) S is the published standard that is the basis for calculating nonconformance penalties.
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(2) UL is the Upper Limit, which is the highest allowable emission level for certifying
vehicles or engines with nonconformance penalties. See § 1071.10.
(3) COCs is an estimate for the 50" percentile cost of compliance. This represents the
average compliance cost to meet the published standard by modifying a vehicle or engine
starting with emissions at the Upper Limit.
(4) COCy is an estimate for the 90™ percentile cost of compliance. This represents the
incremental compliance cost to meet the published standard by modifying a vehicle or engine
starting with emissions at the Upper Limit.
(5) MC is an estimate of the marginal cost of compliance, expressed in dollars per delta
g/mile for vehicle standards and in dollars per delta g/hp-hr for engine standards. Penalty
calculations in § 1071.85 use the following values for marginal cost of compliance:
(i) MCso is an estimate of the 50 percentile marginal cost of compliance.
(ii) MCy is a calculated value representing the 90" percentile marginal cost of
compliance. MCo is the slope of the line on the penalty curve in Figure 1 of § 1071.85 as
the Compliance Level increases from S. The value of F is the ratio of MCyo to MCso,
which is generally between 1.1 and 1.3.
(6) X is the emission level corresponding to COCso. The equation for calculating
nonconformance penalties depends on the slope of the curve representing the marginal cost
of compliance, so the penalty calculation is different if the Compliance Level, CL, from
subpart B of this part is above or below X. We calculate X for a specific emission standard
from the following equation:

X = 5 4 —0Ls0
7 F-MCs,
Eq. 1071.80-1

(7) Frep 1s a fractional value representing the portion of the estimated compliance costs
attributed to engineering and development. Section 1071.90 describes how there may be a
refund for a portion of the nonconformance penalty based on Fg&p.
(b) We will determine appropriate values for the cost parameters in paragraph (a) of this section.
These estimates will generally be based on the analysis used to adopt the relevant standard,
including the date associated with that analysis, though we may augment the data with additional
information if we adopt the penalty provisions in a later rulemaking. We may adjust costs to
account for inflation based on changes to the Consumer Price Index between the date of the
analysis and January of the calendar year preceding the model year in which a nonconformance
penalty is first available.
(c) Values for calculating nonconformance penalties for historical standards are in appendix A of
this part.
(d) Nonconformance penalties are available for diesel-fueled Medium HDE and diesel-fueled
Heavy HDE subject to the 35 mg/hp-hr NOx standard in 40 CFR 1036.104, subject to the
following provisions:
(1) For engines subject to nonconformance penalties, you may certify the NCP family under
40 CFR part 86 or part 1036, as follows:
(1) Engines certified under 40 CFR part 86 are subject to all standards, testing and
compliance requirements, and other regulatory provisions as described for model year
2026 in 40 CFR part 86, subpart A. Such engines are not subject to Production
Compliance Audits and are instead assigned a Compliance Level of 200 mg/hp-hr.
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(i1) Engines certified under 40 CFR part 1036 are subject to all standards, testing and
compliance requirements, and other regulatory provisions as described in 40 CFR part
1036 for the current model year, except for the NOx standards. Such engines are subject
to Production Compliance Audits to establish a Compliance Level as described in subpart
B of this part.

(2) The following parameter values apply:

S UL MCs ($ per
Engine class | (mg/hp-hr) | (mg/hp-hr) | COCsy COCy mg/hp-hr) F Frap
Diesel-fueled
Medium HDE 35 200 $3,683 $4330 $72 1.176 | 0.032
Diesel-fueled
Heavy HDE 35 200 $6,202 $6781 £82 1.1 0.025

(3) Determine the Compliance Level for the NCP family based on engine testing over the
FTP duty cycle.

(4) The Compliance Level also serves as the emission standard for in-use testing and other
compliance testing for individual engines over the FTP and SET duty cycles. Determine
adjusted values for the Compliance Level as described for Family Emission Limits in 40
CFR 1036.104(c)(3) for the Low Load Cycle, idle testing, and off-cycle testing, as
applicable. Note that these adjusted values for the Compliance Level apply only for
determining whether an individual engine complies with emission standards; those adjusted
values do not apply for qualifying NCP families under this part or for calculating penalty
values under § 1071.85.

(5) The cost values in paragraph (d)(2) of this section are expressed in 2024 dollars. We will
calculate the Annual Adjustment Factor in § 1071.85(¢c) using /o = 0.03 to represent the
Consumer Price Index as of January 2026. Section 1071.85 describes how to calculate
penalty values to account for inflation.

§ 1071.85 Calculating the nonconformance penalty.
(a) This section describes how to calculate the nonconformance penalty for a specific NCP
family based on the following parameters:

(1) Section 1071.80 describes several parameters that are specific to the published standard,
mostly to characterize the estimated cost of meeting the standard.

(2) CL is the Compliance Level for the NCP family, which is generally based on testing as
described in subpart B of this part. The penalty provisions of this part apply only if the value
of the Compliance Level is above the standard and at or below the Upper Limit.

(3) AAF is an Annual Adjustment Factor. Paragraph (c) of this section describes how the
Annual Adjustment Factor serves to increase the penalty over time to account for inflation
and continued use of the penalty provisions.

(b) Calculate a per-vehicle or per-engine nonconformance penalty for an NCP family, rounded to
the nearest dollar, using one of the following equations:

(1) Use the following equation if the Compliance Level is at or below X:
n
NCP;=F -MCsy- (CL—S) - HAAFi

=1

Eq. 1071.85-1

147



Where:
i is a counting variable to represent the current year based on the number of years you
have certified vehicles or engines from a class with nonconformance penalties.

* | AAF; is the product of consecutive Annual Adjustment Factors for n years. For
example, in the third year of certifying with nonconformance penalties, [[}_, AAF; =
AAF, - AAF, - AAFs;.

(2) Use the following equation if the Compliance Level is above X:

n
COCyp — COC
NCP, = (C0C50 4 (0% s0) . (cr,— X)) - HAAFi
i=1

(UL - X)
Eq. 1071.85-2

(c) Calculate the Annual Adjustment Factor for year i using the following equation
i

1
AAF,=1+1,_;+A; - (—)
i + it 4 1—fracl-_1
Eq. 1071.85-3

Where:

Ii.1 = The fractional value representing the increase in overall consumer price index in year (i-
1), as described in paragraph (d) of this section.

A;i = Usage adjustment factor in year i: Let 4; =0.08, except that 41 = 0 and 4> = 0.10.

fraci.1 = Fraction of vehicles or engines in a class that are certified using nonconformance
penalties in the year before the current year 7, as described in paragraph (d) of this section. If
fraci-1 1s above 0.50, then calculate A4F; using fraci-1 = 0.50.

(d) We will calculate your Annual Adjustment Factor based on the following information and
procedures:
(1) Send us the following information by April 30 of each year that nonconformance
penalties are available:
(1) The number of vehicles or engines from each class that you produced through March
31 in the current model year. Identify separate numbers of vehicles or engines certified
with and without a nonconformance penalty. If your current model year involves
production of additional vehicles or engines after March 31, also send us estimated values
for those additional vehicles or engines.
(11) If your report from the previous year included estimated production numbers, send us
actual production numbers to replace your estimated values.
(2) We will determine the value of fraci-1 for calculating the Annual Adjustment Factor
starting with the second year that nonconformance penalties are available based the
information you send us, combined with nationwide production values aggregated from all
manufacturers. We will estimate production volumes from manufacturers not using
nonconformance penalties based on production reports, projected volumes from applications
for certification, and any other relevant information. As an example, shortly after April 30,
2027, we will use actual and estimated production volumes for each class from all
manufacturers to determine fracz027, which is needed to determine nonconformance penalties
for model year 2028. In that example, if we receive updated information for model year 2027
with actual production volumes in April 2028, we will use that information to create updated
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values of fraczo27 and AAF>027 to determine nonconformance penalties for model year 2029.
We will use updated values accounting for actual production volumes to calculate
nonconformance penalties prospectively; we will not use those updated values to revise
nonconformance penalties from an earlier model year.
(3) We will determine the value of /i.1 based on the Consumer Price Index for All Urban
Consumers published by the Bureau of Labor Statistics at
www.bls.gov/data/inflation_calculator.htm. We will determine the value of /y based on the
change in prices between the date associated with establishing cost parameters and January
of the calendar year preceding the model year in which a nonconformance penalty is first
available; see § 1071.80. For later model years, we will determine the value of /5.1 based on
the change in prices each January.

(e) The following figure illustrates how the various parameters support calculating

nonconformance penalties:

pNeal Zuueee]
COCQO --------- 1

E ottt CP,\{eaf

2

® | COCso

c

Q
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S X UL

Compliance Level (CL)

§ 1071.90 Making payments.
This section describes procedures for paying penalties under this part.
(a) We will notify you in writing once we establish a specific nonconformance penalty based on
the Compliance Levels that apply for affected vehicles or engines.
(b) The penalty applies for all nonconforming vehicles or engines you produce from any
assembly plant for the following production periods:
(1) Penalties start to apply ten days after you conclude that an NCP family has failed a
Selective Enforcement Audit. In all other cases, penalties apply starting with the beginning of
the model year.
(2) Penalties continue to apply for the rest of the model year unless or until you demonstrate
under § 1071.30(c) or (d) that vehicles or engines meet emission standards. Penalties
continue to apply for any configurations not covered by the compliance demonstration.
(3) Penalties may carry over to future model years indefinitely. Section 1071.85 describes
how the penalty increases for each model year.
(c) A penalty assessment applies for each calendar quarter based on the number of vehicles or
engines you produce. Payment is due for each quarter in the month following the end of the
quarter, on April 30, July 30, October 30, and January 30. We may approve your request for an
alternative payment schedule, but any delay from the default schedule is subject to interest
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payments as described in paragraph (e) of this section. For each quarterly due date, send us the
following information about vehicles and engines that are subject to nonconformance penalties,
even if total production was zero in the preceding quarter:

(1) Identify the NCP family for all affected vehicles or engines.

(2) Identify quarterly production totals. Identify production totals separately by subfamily, if

pphcable %&N@Pﬁamﬂymel&ées—sem&ee&ﬁgﬁmﬁeﬂs—tha%&r%ne%sﬂbﬁeﬁe

(3) Show your calculatlons to determlne the total payment penalty for the precedmg quarter
including any interest payments.
(4) An authorized representative of your company must sign the following statement: “We
submit this report under Clean Air Act section 206. All the information in this report is true
and accurate to the best of my knowledge. I know of the penalties for violating the Clean Air
Act and the regulations.” (Authorized Company Representative)
(d) We may ask you to demonstrate the accuracy of your quarterly production numbers, or any
other information in reports you submit under paragraph (c) of this section.
(e) Calculate interest charges starting with the due date for any missed or partial payments,
including payments on an approved alternative schedule and payments that are withheld during
hearing deliberations. Interest charges continue to apply for each quarter with an outstanding
balance due. Calculate the total interest payment based on the outstanding balance for the
number of quarters that any penalty payment is overdue by applying the interest rate for the
applicable payment due date from www.fiscal.treasury.gov/reports-statements/cvfr/index.html.
(f) Send payments to www.pay.gov.
(g) Credits and refunds apply as follows:
(1) If you overpay your penalty for any reason, you may subtract the overpayment from
future payments. We may alternatively approve your request for a refund.
(2) You can claim a refund for a portion of the nonconformance penalty associated with your
engineering and development costs to meet the new standards if you demonstrate that
modified vehicles or engines to be fully compliant, including an updated Compliance Level
under § 1071.30(c) or (d) that meets the applicable standard. Calculate the refund of
payments you made to us, Rgpa, as follows:

Prodcg
Rgpa = (Dp * Fggp * NCP; * Prodiy) * (1 o P:(;dfotl)
Eq. 1071.90-1

Where:

Dy, = discount factor corresponding to the number of model years, n, nonconformance
penalties have been available for a given class of vehicles or engines before completing
certification that fully complies with applicable standards, where n=1 for the first year
nonconformance penalties were available. Use the following values for Dy:

=0.90.
D>=0.79.
=0.67.
Ds=0.54.
=0.39.
Des=0.23.
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D7=0.05.

Dy =0.00 for n = 8 or more.
Fr&p = a fractional value representing the manufacturer’s engineering and development
costs relative to the total compliance costs as specified in § 1071.80.
NCP: = the nonconformance penalty identified in paragraph (a) of this section for the
first model year.
Prodca = number of vehicles or engines from the same class you demonstrate have been
titled, registered, or principally used in California and for which you paid
nonconformance penalties to the State of California.
Prodi = total number of vehicles or engines from the same class for which you paid
nonconformance penalties to EPA or the State of California.

(3) We will not pay interest on any money we owe you.
Subpart D—Administrative Provisions

§ 1071.100 Entry and access.
Provisions related to EPA inspections apply as specified in 40 CFR 1068.20.

§ 1071.105 Suspending and voiding certificates of conformity.
(a) The certificate of conformity is automatically suspended for a vehicle or engine if it fails as
described in § 1071.45(a). Notify us within five days after you make this determination. You
must take the following actions before your certificate of conformity can cover that vehicle or
engine:
(1) Correct the problem and retest the vehicle or engine to show it complies with all emission
standards.
(2) Send us a written report withinfive-working days-after-asueecesstul-test demonstration
describing your test results and the remedy for each vehicle or engine before introducing the
vehicle or engine into U.S. commerce._You may include this information in the report you
submit under § 1071.50.
(b) We may suspend the certificate of conformity if you do not meet the requirements and
deadlines in this part.
(c) We may suspend the certificate of conformity if the Compliance Level as determined in
§ 1071.45(b) is above the Upper Limit. We may void the certificate of conformity if you fail to
recall any vehicles or engines whose Compliance Level is found to be above the Upper Limit.
(d) We may void your certificate of conformity if you fail to fully pay the nonconformance
penalty.
(e) Except as described in paragraph (a) of this section, we will tell you in writing if we suspend,
revoke, or void your certificate of conformity in whole or in part. The suspension is effective
when you receive our notice.
(f) You may request that we reinstate a suspended, revoked, or voided certificate of conformity
by sending us a written report that identifies the reason for the failure and demonstrates that you
comply with the requirements of this part. Include in the proposed remedy any quality control
measures you propose to keep the problem from happening again. If the failure is related to
measured emission levels, give us test data from production vehicles or engines showing that
vehicles or engines in the remedied family comply with all the emission standards that apply. We
may include any reasonable conditions when reinstating a certificate.
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§ 1071.110 Hearing procedures.

(a) The provisions of 40 CFR part 1068, subpart G, apply if you request a hearing regarding
nonconformance penalties or suspending, revoking, or voiding a certificate of conformity under
this subpart.

(b) If we establish penalties under § 1071.90(a) and we agree to your request for a hearing
related to the nonconformance penalty under 40 CFR 1068.625, you may produce affected
vehicles or engines before the hearing deliberations conclude. However, if the hearing results in
a final decision requiring a penalty, the payment is due, with interest, ten days after the Presiding
Officer’s final decision.

§ 1071.115 Confidential information.
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part.

§ 1071.120 List of acronyms.
The following acronyms and abbreviations apply to this part:

GVWR gross vehicle weight rating, as defined in 40 CFR 1036.801.
HDE heavy-duty engine, as defined in 40 CFR 1036.801.

HDGE heavy-duty gasoline engine.

HDDE heavy-duty diesel engine.

LDT3 Light-duty truck 3, as defined in 40 CFR 86.1803-01.

NCP nonconformance penalty.
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Appendix A to Part 1071—Penalty Parameter Values for Historical Standards

This appendix describes the values for the parameters identified in § 1071.80 to support penalty
calculations for historical standards.

(a) The following parameter values applied for vehicle-based standards:

TABLE 1 TO PARAGRAPH (a) OF APPENDIX A TO PART 1071—PENALTY PARAMETERS FOR
VEHICLE-BASED STANDARDS

Model
year for MCso ($
new S per

standard Vehicle class Pollutant | (g/mi) | COCso | COCyy | g/mi) F | Fgep | Dollar basis
Diesel vehicles <
1987 14,000 Ib GVWR PM 0.26 $368 $541 $3200 | 1.2 | 0.11 | Dec. 1984
Diesel vehicles <
1991 14,000 Ib GVWR PM 0.13 $711 | $1,396 | $2960 | 1.2 | 0.01 | Dec. 1989

1996 Diesel LDT3 PM 0.10 $441 | $1,471 | $14,700 | 1.2 | 0.093 | Dec. 1994
1996 Diesel LDT3 NOx 0.98 $654 $779 $908 1.2 | 0.082 | Dec. 1994
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(b) The following parameter values applied for engine-based standards:

TABLE 1 TO PARAGRAPH (b) OF APPENDIX A TO PART 1071—PENALTY PARAMETERS FOR
ENGINE-BASED STANDARDS

Model
year for MCso
new S ($ per
standard Engine class Pollutant (g/hp-hr) | COCso | COCy | g/hp-hr) F Fegp | Dollar basis
HDGE for vehicles
1987 | <14,000 Ib GVWR HC 1.1 $45 $95 $83 1.2 | 0.06 | Dec. 1984
HDGE for vehicles

1987 | <14,000 Ib GVWR Co 14.4 $45 $95 $4 1.2 | 0.06 | Dec. 1984
1988 | Light HDDE PM 0.60 $71 $83 $340 1.2 | 0.64 | Dec. 1984
1988 | Medium HDDE PM 0.60 $84 $97 $382 1.2 | 0.62 | Dec. 1984
1988 | Heavy HDDE PM 0.60 $87 | $101 $725 12 | 0.60 | Dec. 1984
1990 | Light HDDE NOx 6.0 $18 $41 $49 12 | 036 | Dec. 1984
1990 | Medium HDDE NOx 6.0 | $1,125| $1,540 | $883 1.2 | 0.02 | Dec. 1984
1990 | Heavy HDDE NOx 6.0 | $1278| $1.980 | $1733 | 12 | 0.02 | Dec. 1984
1991 | Light HDDE NOx 5.0 $830 | $946 | $1,167 | 1.2 | 0.12 | Dec. 1989
1991 | Medium HDDE NOx 5.0 $905 | $1.453 | $1.417 | 1.2 | 0.11 | Dec. 1989
1991 | Heavy HDDE NOx 5.0 $930 | $1,590 | $2.250 | 1.2 | 0.11 | Dec. 1989
1993 | Urban bus HDE PM 0.10 | $4,020 | $4,535 | $22,971 | 1.2 | 0.02 | Dec. 1989
1994 | Urban bus HDE PM 0.07 | $3,292 | $10,014 | $109,733 | 1.2 | 0.38 | Dec. 1991
1994 | Light HDDE PM 0.10 | $772 | $1,325 | $8,178 | 1.2 |0.081 | Dec. 1991
1994 | Medium HDDE PM 0.10 | $1276 | $3,298 | $15370 | 1.2 |0.098 | Dec. 1991
1994 | Heavy HDDE PM 0.10 | $2,105 | $6,978 | $30,070 | 1.2 | 0.083 | Dec. 1991
1996 | Urban bus HDE PM 0.05 $576 | $6,569 | $28,800 | 1.2 | 0.500 | Dec. 1994
1998 | Light HDDE NOx 4.0 $833 | $1,513 | $833 1.2 | 0.039 | Dec. 1994
1998 | Medium HDDE NOx 4.0 $444 | $1,368 | $444 1.2 | 0.043 | Dec. 1994
1998 | Heavy HDDE NOx 4.0 | $1,086 | $2,540 | $1,086 | 1.2 |0.039 | Dec. 1994
2004 | Light HDDE NOx+NMHC | 24 | $1240 | $2,710 | $2,000 | 1.3 |0.403 | Dec.2001
2004 | Medium HDDE | NOx+NMHC | 2.4 | $2,740 | $4.930 | $1.400 | 1.3 |0.197 | Dec.2001
2004 | Heavy HDDE NOx+NMHC | 24 |$6,810 | $12,210 | $5600 | 1.3 |0.090 | Dec.2001
2004 | Urbanbus HDE | NOx+NMHC | 24 | $3.930 | $6,660 | $3.800 | 1.3 | 0.155 | Dec.2001
2012 | Heavy HDDE NOx 020 |$3219 | $3,775 | $10,729 | 1.173 | 0.005 | Dec. 2011
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