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well as other amendments for locomotives, small nonroad spark-ignition engines and equipment,
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Federal Register. However, there may be some minor differences. The document published in
the Federal Register is the official copy for purposes of proposal and comment.
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The following redline of the proposed regulatory text is intended to reflect what will be published in the Federal
Register. However, there may be some minor differences. The document published in the Federal Register is the
official copy for purposes of proposal and comment.

For the reasons set out in the preamble, we are amending title 40, chapter | of the Code of
Federal Regulations as set forth below.

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

HIGHWAY ENGINES

1. The authority citation for part 1036 continues to read as follows:
Authority: 42 U.S.C. 7401 - 7671q.

Subpart B—Emission Standards and Related Requirements
2. Amend § 1036.101 by revising the introductory text and paragraph (a)(1) to read as follows:

8 1036.101 Overview of exhaust emission standards.
This part contains standards and other requlations applicable to the emission of the air pollutant
defined as the aggregate group of six greenhouse gases: carbon dioxide, nitrous oxide, methane,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride.
(a) *  x  *
(1) Criteria pollutant standards for NOx, HC, PM, and CO apply as described in 8§ 1036.104.
These pollutants are sometimes described collectively as “criteria pollutants” because they
are either criteria pollutants under the Clean Air Act or precursors to the criteria pollutants

ozone and PM.
* * * * *

§ 1036.104—[Amended]

3. Amend § 1036.104 by removing paragraph (c)(2)(iii).
4. Amend § 1036.108 by revising paragraphs (a)(1)(iii) introductory text and (e) to read as
follows:

§ 1036.108 Greenhouse gas emission standards—CO3, CH4, and N2O.
* * * * *
(a) E
(1) * * *

(iii) The following Phase 2 and Phase 3 CO2 standards apply for compression-ignition

engines and all Heavy HDE (in g/hp-hr):
* * * * *
(e) Applicability for testing. The emission standards in this subpart apply as specified in this
paragraph (e) to all duty-cycle testing (according to the applicable test cycles) of testable
configurations, including certification, selective enforcement audits, and in-use testing. The CO2
FCLs serve as the CO2 emission standards for the engine family with respect to certification and
confirmatory testing instead of the standards specified in paragraph (a)(1) of this section. The
FELSs serve as the emission standards for the engine family with respect to all other duty-cycle
testing. See 88 1036.235 and 1036.241 to determine which engine configurations within the
engine family are subject to testing. Note that engine fuel maps and powertrain test results also
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serve as standards as described in 88 1036.535, 1036.540, 1036.545, and 1036.630-and-40-CFR
1037550.

5. Amend § 1036.110 by revising paragraphs (b)(6), (9) introductory text, and (11)(ii) and
(c)(2) to read as follows:

§ 1036.110 Diagnostic controls.

* * * * *

(b) * * *
(6) The provisions related to verification of in-use compliance in 13 CCR 1971.1(1)(4) do not
apply. The provisions related to manufacturer self-testing in 13 CCR 1971.5(c) also do not

apply.
* * * * *
(9) Design compression-ignition engines to make the following additional data-stream
signals available on demand with a generic scan tool according to 13 CCR 1971.1(h)(4.2), if
the engine is so equipped_with the relevant components and OBD monitoring is required for
those components:
* * * * *
(11) * x  *x
(i) Send us results from any testing you performed for certifying engine families
(including equivalent engine families) with the California Air Resources Board, including
the results of any testing performed under 13 CCR 1971.1(l) for verification of in-use
compliance and 13 CCR 1971.5(c) for manufacturer self-testing within the deadlines set
outin 13 CCR 1971.1 and 1971.5.
* * * * *
(C) *  x  *
(1) For inducements specified in § 1036.111 and any other AECD that derates engine output
related to SCR or DPF systems, indicate the fault code for the detected problem, a
description of the fault code, and the current speed restriction. For inducement faults under
8 1036.111, identify whether the fault condition is for DEF guantitylevel, DEF quality, or
tampering; for other faults, identify whether the fault condition is related to SCR or DPF
systems. 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.

* * * * *

6. Amend § 1036.111 by revising paragraphs (a)(2), (b) introductory text, (d), and (e) to read as
follows:

§ 1036.111 Inducements related to SCR.

(a) EE )
(2) 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 a-faut-condition
identified under paragraph (b) of this section and continues to apply until the fault




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 (8)(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

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

* * * * *

(b) Fauk-Inducement triggering conditions. Create derate strategies that monitor for and trigger
an inducement based on the following conditions:
* * * * *
(d) Derate schedule. Engines must follow the derate schedule described in this paragraph (d) if
the engine detects afault-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:

TABLE 2 TO PARAGRAPH (d)(1) oF § 1036.111—DERATE SCHEDULE FOR DETECTED
FAULTSINDUCEMENT TRIGGERING CONDITIONS®

High-speed vehicles Mediumiew-speed vehicles | Low-speed vehicles
Hours of non- Maximum Hours of non- Maximum Hours of non- Maximum
idle engine speed idle engine speed idle engine speed
operation (mi/hr) operation (mi/hr) operation (mi/hr)
0 65 0 55 0 45
6 60 6 50 5 40
12 55 12 45 10 35
20 50 45 40 30 25
86 45 70 35 — —

119 40 90 25 — —
144 35 — — — —
164 25 — — — —

aHours start counting when the engine detects an inducement triggering a-fast-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.

(2) 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 a-faut-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.

(e) Deactivating derates. Program the engine to deactivate derates as follows:
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(1) Evaluate whether the detected fautt-inducement triggering condition continues to apply.
Deactivate derates if the engine confirms that the detected fautt-inducement triggering
condition is resolved.

(2) Allow a generic scan tool to deactivate inducement triggering related-fautt-codes while
the vehicle is not in motion.

(3) Treat any detected fautt-inducement triggering condition that recurs within 40 hours of
engine operation as the same detected fauk-inducement triggering condition, which would
restart the derate at the same point in the derate schedule that the system last deactivated the
derate.

7. Amend § 1036.120 by revising paragraph (c) to read as follows:

§ 1036.120 Emission-related warranty requirements.

* * * * *

(c) Components covered. The emission-related warranty covers all components listed in 40 CFR
part 1068, appendix A, and components from any other system you develop to control emissions.
Note that this includes hybrid system components when a manufacturer’s certified configuration
includes hybrid system components. The emission-related warranty covers any components,
regardless of the company that produced them, that are the original components or the same
design as components from the certified configuration.

* * * * *

8. Amend § 1036.125 by revising paragraph (h)(8)(iii) to read as follows:

§ 1036.125 Maintenance instructions and allowable maintenance.
* * * * *
(h) * * *
(8) * * *
(iii) A description of the three types of SCR-related derates (DEF gualitylevel, DEF
quality and tampering) and that further information on the inducement cause (e.g., trouble
codes) is available using the OBD system.

* * * * *

9. Amend § 1036.150 by revising paragraphs (d), (f), (j), and (k) introductory text and adding
paragraph (aa) to read as follows:

§ 1036.150 Interim provisions.

* * * * *

(d) Small manufacturers. The greenhouse gas standards of this part apply on a delayed schedule
for manufacturers meeting the small business criteria specified in 13 CFR 121.201. Apply the
small business criteria for NAICS code 336310 for engine manufacturers with respect to
gasoline-fueled engines and 333618 for engine manufacturers with respect to other engines; the
employee limits apply to the total number employees together for affiliated companies.
Qualifying small manufacturers are not subject to the greenhouse gas emission standards in

§ 1036.108 for engines with a date of manufacture on or after November 14, 2011 but before
January 1, 2022. In addition, qualifying small manufacturers producing engines that run on any
fuel other than gasoline, E85, or diesel fuel may delay complying with every later greenhouse
gas standard under this part by one model year; however, small manufacturers may generate
emission credits only by certifying all their engine families within a given averaging set to




standards that apply for the current model year.—Smal-manufacturersmay-certify-their-engines

manufacturers as described in paragraph (n) of this section. Note also that engines produced by

small manufacturers are subject to criteria pollutant standards.
* * * * *

(F) Testing exemption for qualifying engines. Tailpipe CO2, CH4, HC, and CO emissions from

engines fueled with neat hydrogen are deemed to be zero. No fuel mapping, and no testing for
CO2, CH4, HC, or CO is required under this part for these engines.fReserved}

* * * * *

(j) Alternate standards under 40 CFR part 86. This paragraph (j) describes alternate emission
standards that apply for model year 2023 and earlier fer-loose engines certified under 40 CFR
86.1819-14(k)(8). The standards of § 1036.108 do not apply for these engines. The standards in
this paragraph (j) apply for emissions measured with the engine installed in a complete vehicle
consistent with the provisions of 40 CFR 86.1819-14(k)(8)(vi). The only requirements of this
part that apply to these engines are those in this paragraph (j), 88 1036.115 through 1036.135,
1036.535, and 1036.540.

(K) Limited production volume allowance under ABT. You may produce a limited number of
Heavy HDE that continue to meet the standards that applied under 40 CFR 86.007-11 in model
years 2027 through 2029. The maximum number of engines you may produce under this limited
production allowance is 5 percent of the annual average of your actual Y-S--directed-production
volume of Heavy HDE in model years 2023-2025 for calculating emission credits under

8§ 1036.705. Engine certification under this paragraph (k) is subject to the following conditions
and requirements:

* * * * *

(aa) Correcting credit calculations. If you notify us by October 1, 2024 that errors mistakenly
decreased your balance of emission credits for 2020 or any earlier model years, you may correct
the errors and recalculate the balance of emission credits after applying a 10 percent discount to
the credit correction.

Subpart C—Certifying Engine Families
10. Amend 8§ 1036.205 by revising paragraph (v) to read as follows:

8§ 1036.205 Requirements for an application for certification.

* * * * *

(v) Include good-faith estimates of natienwide-U.S.-directed production volumes. Include a
justification for the estimated production volumes if they are substantially different than actual
production volumes in earlier years for similar models.

* * * * *

11. Amend 8§ 1036.240 by revising paragraph (c)(3) to read as follows:

8§ 1036.240 Demonstrating compliance with criteria pollutant emission standards.

* * * * *

(C) * * *



(3) Sawtooth and other nonlinear deterioration patterns. The deterioration factors described
in paragraphs (c)(1) and (2) of this section assume that the highest useful life emissions occur
either at the end of useful life or at the low-hour test point. The provisions of this paragraph
(c)(3) apply where good engineering judgment indicates that the highest useful life emissions
will occur between these two points. For example, emissions may increase with service
accumulation until a certain maintenance step is performed, then return to the low-hour
emission levels and begin increasing again. Such a pattern may occur with battery-based
eleetric-hybrid engines or hybrid powertrains. Base deterioration factors for engines with
such emission patterns on the difference between (or ratio of) the point at which the highest
emissions occur and the low-hour test point. Note that this applies for maintenance-related
deterioration only where we allow such critical emission-related maintenance.

* * * * *

12. Amend 8§ 1036.241 by revising paragraph (c)(3) to read as follows:

8§ 1036.241 Demonstrating compliance with greenhouse gas emission standards.

* * * * *

(C) E I
(3) Sawtooth and other nonlinear deterioration patterns. The deterioration factors described
in paragraphs (c)(1) and (2) of this section assume that the highest useful life emissions occur
either at the end of useful life or at the low-hour test point. The provisions of this paragraph
(c)(3) apply where good engineering judgment indicates that the highest useful life emissions
will occur between these two points. For example, emissions may increase with service
accumulation until a certain maintenance step is performed, then return to the low-hour
emission levels and begin increasing again. Such a pattern may occur with battery-based
eleetric-hybrid engines or hybrid powertrains. Base deterioration factors for engines with
such emission patterns on the difference between (or ratio of) the point at which the highest
emissions occur and the low-hour test point. Note that this applies for maintenance-related
deterioration only where we allow such critical emission-related maintenance.

* * * * *

13. Amend 8 1036.245 by revising paragraphs (c)(3) introductory text and (c)(3)(ii) introductory
text to read as follows:

8§ 1036.245 Deterioration factors for exhaust emission standards.
* * * * *
(C) *  x  *x
(3) Perform service accumulation in the laboratory by operating the engine or hybrid
powertrain repeatedly over one of the following test sequences, or a different test sequence
that we approve in advance:
* * * * *
(i) Duty-cycle 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 8 1036.545 with the highest reference cycle work for each vehicle-
based duty cycle. Operate the engine as follows for duty-cycle sequence 2:
*

* * * *



14. Amend 8 1036.250 by revising paragraph (a) to read as follows:

8§ 1036.250 Reporting and recordkeeping for certification.

(a) By September 30 following the end of the model year, send the Designated Compliance
Officer a report including the total natienwide-U.S.-directed production volume of engines you
produced in each engine family during the model year (based on information available at the
time of the report). Report the production by serial number and engine configuration. You may
combine this report with reports required under subpart H of this part. We may waive the
reporting requirements of this paragraph (a) for small manufacturers.

* * * * *

Subpart D— Testing Production Engines and Hybrid Powertrains
15. Amend 8 1036.301 by revising paragraph (c) to read as follows:

8 1036.301 Measurements related to GEM inputs in a selective enforcement audit.

* * * * *

(c) If your certification includes powertrain testing as specified in 40 CFR 1036.630, these
selective enforcement audit provisions apply with respect to powertrain test results as specified
in 40 CFR part 1037, subpart D, and §846-CFR 106371036.5456. We may allow manufacturers to
instead perform the engine-based testing to simulate the powertrain test as specified in 40 CFR
1037.551.

* * * * *

Subpart E—In-use Testing
16. Amend 8§ 1036.405 by revising paragraphs (a)(1) and (3) and (d) to read as follows:

8§ 1036.405 Overview of the manufacturer-run field-testing program.

(a) I
(1) We may select up to 25 percent of your engine families in any calendar year, calculated
by dividing the number of engine families you certified in the model year corresponding to
the calendar year by four and rounding to the nearest whole number. We will consider only
engine families with annual U.S.-directed nationwide-production volumes above 1,500 units
in calculating the number of engine families subject to testing each calendar year under the
annual 25 percent engine family limit. If you have only three or fewer families that each
exceed an annual U.S.-directed natienwide-production volume of 1,500 units, we may select
one engine family per calendar year for testing.

* * * * *
(3) We will not select engine families for testing under this subpart from a given model year
if your total U.S.-directed natienwide-production volume was less than 100 engines.

* * * * *

(d) You must complete all the required testing and reporting under this subpart (for all ten test

engines, if appllcable) within 18 months after we dlrect you to test a partlcular engine

family. . We will

typically select engine families for testing and notlfy you |n ertlng by June 30 of the applicable

calendar year. If you request it, we may allow additional time to send us this information.

* * * * *




17. Amend 8 1036.420 by revising paragraph (a) to read as follows:

8 1036.420 Pass criteria for individual engines.

* * * * *

(a) Determine the emission standard for each regulated pollutant for each bin by adding the
following accuracy margins for PEMS to the off-cycle standards in § 1036.104(a)(3):

TABLE 1 TO PARAGRAPH (a) OF § 1036.420—ACCURACY MARGINS FOR IN-USE TESTING

NOx HC PM CO
Bin 1 0.4 g/hr - - -
Bin 2 5 mg/hp-hr 10 mg/hp-hr | 6 mg/hp-hr 0.825 g/hp-hr

* * * * *

Subpart F—Test Procedures
18. Amend 8 1036.501 by adding paragraph (g) to read as follows:

8§ 1036.501 General testing provisions.

* * * * *

() For testing engines that use regenerative braking through the crankshaft to only power an
electric heater for aftertreatment devices, you may use the fuel mapping procedure in

8 1036.505(b)(1) or (2) and the nonhybrid engine testing procedures in 88 1036.510, 1036.512,
and 1036.514, as long as the recovered energy is less than 10 percent of the total positive work
for each applicable transient duty cycle. Otherwise, use powertrain testing procedures specified
for hybrid engines or hybrid powertrains to create fuel maps and measure emissions. 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.

19. Amend 8 1036.505 by revising paragraphs (a), (b) introductory text, and (b)(3) and (4) to
read as follows:

8§ 1036.505 Engine data and information to support vehicle certification.

* * * * *

(a) Identify engine make, model, fuel type, combustion type, engine family name, calibration
identification, and engine displacement. Also identify whether the engines meet CO2 standards
for tractors, vocational vehicles, or both. When certifying vehicles with GEM, for any fuel type
not identified in Table 1 of 8 1036.550, select fuel type as diesel fuel for engines subject to
compression-ignition standards, and select fuel type as gasoline for engines subject to spark-
ignition standards.

(b) This paragraph (b) describes four different methods to generate engine fuel maps. For
engines without hybrid components and for mild hybrid engines where you do not include hybrid
components in the test, generate fuel maps using either paragraph (b)(1) or (2) of this section.
For other hybrid engines, generate fuel maps using paragraph (b)(3) of this section. For hybrid
powertrains and nonhybrid powertrains and for vehicles where the transmission is not automatic,
automated manual, manual, or dual-clutch, generate fuel maps using paragraph (b)(4) of this

section.
* * * * *




(3) Determine fuel consumption at idle as described in § 1036.535(c) and (d) and determine
cycle-average engine fuel maps as described in 846-CFR 1036+7.5456, including cycle-
average engine fuel maps for highway cruise cycles. Set up the test to apply accessory load
for all operation by primary intended service class as described in the following table:

TABLE 1 TO PARAGRAPH (b)(3) OF § 1036.505—ACCESSORY LOAD

Primary Intended | Power Representing
Service Class Accessory Load (kW)
Light HDV 1.5

Medium HDV 2.5

Heavy HDV 3.5

(4) Generate powertrain fuel maps as described in 846-CFR 1036+%.54580 instead of fuel
mapping under § 1036.535 or § 1036.540. Note that the option in 846-CFR
1036+.5456(b)(2) is allowed only for hybrid engine testing. Disable stop-start systems and
automatic engine shutdown systems when conducting powertrain fuel map testing using 8§46
CFR 1036+.54560.

* * * * *

20. Amend § 1036.510 by:

a. Revising paragraphs (b)(2) introductory text, (b)(2)(vii), and (b)(2)(viii).

b. Removing paragraph (b)(2)(ix).

c. Revising paragraphs (c)(2)(i) introductory text, (d) introductory text, and (d)(1) and (2)(ii).
d. Revising the heading in Figure 1 to paragraph (d)(4) by removing the period.

e. Revising paragraphs (e), (f), and (g).

The revisions read as follows:

§ 1036.510 Supplemental Emission Test.
* * * * *
(b) *  *x  *
(2) Test hybrid engines and hybrid powertrains as described in 846-CFR 1036+.5450, except
as specified in this paragraph (b)(2). Do not compensate the duty cycle for the distance
driven as described in 840-CFR 10367.5456(g)(4). For hybrid engines, select the
transmission from Table 1 of § 1036.540, substituting “engine” for “vehicle” and “highway
cruise cycle” for “SET”. Disregard duty cycles in 846-CFR 1036%.5456(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
840-CFR 1036+.5456 to define the vehicle model in 846-CFR 10367.5456(a)(3):
* * * * *
(vii) Select a combination of drive axle ratio, ka, and a tire radius, r, that represents the
worst-case combination of final gear ratio, drive axle ratio, and tire size for CO2 expected
for vehicles in which the hybrid pewertratn-engine or hybrid engine-powertrain will be
installed. This is typically the highest axle ratio and smallest tire radius._In selecting a
drive axle ratio and tire radius, if representative, ensure that the maximum vehicle speed
is no less than 60 mi/hr. Manufacturers may request preliminary approval for selected
drive axle ratio and tire radius consistent with the provisions of § 1036.210. If the hybrid
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engine or hybrid powertrain is used exclusively in vehicles which are not capable of
reaching 60 mi/hr, follow the provisions of 40 CFR 1066.425(b)(5). Note for hybrid
engines the final gear ratio can change depending on the duty-cycle, which will change
the selection of the drive axle ratio and tire size. For example, 8 1036.520 prescribes a
different top gear ratio than paragraph (b)(2) of this section.

(vi_ii) SW%M%%@W@%M%%%W

{x)-1f you are certifying a hybrid engine, use a default transmission efficiency of 0.95
and create the vehicle model along with its default transmission shift strategy as
described in 840-CFR 1036+.5450(a)(3)(ii). Use the transmission parameters defined in
Table 1 of 8 1036.540 to determine transmission type and gear ratio. For Light HDV and
Medium HDV, use the Light HDV and Medium HDV parameters for FTP, LLC, and
SET duty cycles. For Tractors and Heavy HDVs, use the Tractor and Heavy HDV
transient cycle parameters for the FTP and LLC duty cycles and the Tractor and Heavy
HDV highway cruise cycle parameters for the SET duty cycle.
(C) I
(2) * * *
(i) Determine road grade at each point based on the continuous rated power of the hybrid
powertrain-system, Pcontrated, in KW determined in § 1036.520, the vehicle speed (A, B, or
C) in mi/hr for a given SET mode, Vrefispeed], and the specified road-grade coefficients
using the following equation:
* * * * *
(d) Determine criteria pollutant emissions for plug-in hybrid engines and plug-in hybrid
powertrains as follows:
(1) Precondition the engine or powertrain in charge-sustaining mode. Perform testing as
described in this section for hybrid engines and-or hybrid powertrains in charge-sustaining
mode.
(2) E
(i) Operate the hybrid-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).
* * * * *
(e) Determine greenhouse gas pollutant emissions for plug-in hybrid engines and plug-in hybrid
powertrains using the emissions results for all the SET test intervals for both charge-depleting
and charge-sustaining operation from paragraph (d)(2) of this section. Calculate the utility
factor-weighted composite mass of emissions from the charge-depleting and charge-sustaining

test results, eurfemissionjcomp, USING the following equation:
N M

€UF[emission]comp = Z[e[emission][int]CDi - (UFpcpi — UFDCDi—l)] + Z[e[emission][int]CSj]
i=1 =
(1 = UFgep)

M
Eq. 1036.510-10

Where:

I = an indexing variable that represents one test interval.
N = total number of charge-depleting test intervals.

11



efemission][intjcbi = 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.

UFocoi = utility factor fraction at distance Dcoi from Eq. 1036.510-11, as determined by
interpolating the approved utility factor curve for each test interval, i, starting from i = 1. Let
UFbcoo = 0.

J = an indexing variable that represents one test interval.

M = total number of charge-sustaining test intervals.

efemission]finticsj = 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, Recp, as determined by
interpolating the approved utility factor curve. Rcp is the cumulative distance driven over N
charge-depleting test intervals.

Q
Dcpi = Z(Uk - At)
k=1
Eq. 1036.510-11

Where:

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

Q = total number of measurements over the test interval.

v = vehicle velocity at each time step, k, starting from k = 1. For tests completed under this
section, v is the vehicle velocity from the vehicle model in 840-CFR 10367.5456. Note that this
should include charge-depleting test intervals that start when the engine is not yet operating.

At = 1/frecord

frecord = the record rate.

Example using the charge-depletion test in Figure 1 of § 1036.510 for the SET for CO2 emission
determination:

Q = 24000

vi =0 mi/hr
v2 = 0.8 mi/hr
vz = 1.1 mi/hr

frecord = 10 Hz
At=1/10Hz=0.1s
24000

Dopi = ) (0-0.1+08-0.1+ 11+ 0.1+ V4000 - 40)
k=1

Dcp1 = 30.1 mi
Dcp2 = 30.0 mi
Dcpz = 30.1 mi
Dcps = 30.2 mi
Dcps = 30.1 mi
N=5

UFpcp1 =0.11
UFbcp2 = 0.23
UFbcp3 =0.34
UFbcps = 0.45
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UFocps = 0.53

ecozsetcpt = 0 g/hp-hr
ecozsetcpz = 0 g/hp-hr
ecozsetcos = 0 g/hp-hr
ecozsetcpa = 0 g/hp-hr
ecozsetcps = 174.4 g/hp-hr

M=1
ecozsetcs = 428.1 g/hp-hr
UFrcp = 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 1

eurcozecomp = 215.2 g/hp-hr

(F) Calculate and evaluate cycle statistics as specified in 40 CFR 1065.514 for nonhybrid engines
and 8406-CFR 1036+.5456 for hybrid engines and hybrid powertrains.

(9) Calculate the total emission mass of each constituent, m, over the test interval as described in
40 CFR 1065.650. For nonhybrid engines, calculate the total work, W, over the test interval as
described in 40 CFR 1065.650(d). For hybrid engines and hybrid powertrains, cCalculate total

positive eyele-work over the test interval forpowertratn-testing-using system power, Psys.
Determine Psys, using § 1036.520(f).

21. Amend § 1036.512 by:

a. Revising paragraphs (b)(2)(v), (c), (d) introductory text, (d)(1) and (2)(ii).

b. Revising the heading in Figure 1 to paragraph (d)(4) by removing the period.
c. Revising paragraph (f).

The revisions read as follows:

8 1036.512 Federal Test Procedure.
* * * * *
(b) * ok  *
(2) L
(v) For plug-in hybrid engines and plug-in hybrid powertrains, test over the FTP in both
charge-sustaining and charge-depleting operation for both criteria and greenhouse gas
pollutant determination.
(c) 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-the-tetal-werkW;-over each test interval as described in 40 CFR 1065.650.
For nonhybrid engines, calculate the total work, W, over the test interval as described in 40 CFR
1065.650(d). For hybrid engines and hybrid powertrains, cSalculate total positive work over
each test interval fer-pewertrain-testing-using system power, Psys. Determine Psys using
8 1036.520(f). 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)
13
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Eq. 1036.512-1

(d) Determine criteria pollutant emissions for plug-in hybrid engines and plug-in hybrid
powertrains as follows:
(1) Precondition the engine or powertrain in charge-sustaining mode. Perform testing as
described in this section for hybrid engines and-or hybrid powertrains in charge-sustaining
mode.
(2) E
(i) Operate the hybrid-engine or powertrain 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.
* * * * *
(f) Calculate and evaluate cycle statistics as specified in 40 CFR 1065.514 for nonhybrid engines
and 840-CFR 1036+.5456 for hybrid engines and hybrid powertrains.

22. Amend § 1036.514 to read as follows:

§ 1036.514 Low Load Cycle.
(a) Measure emissions using the transient Low Load Cycle (LLC) as described in this section to
determine whether engines meet the LLC emission standards in § 1036.104.
(b) The LLC duty cycle is described in paragraph (d) of appendix B of this part. The following
procedures apply differently for testing nonhybrid engines, hybrid engines, and hybrid
powertrains:
(1) For nonhybrid engine testing, use the following procedures:
() Use the duty-eyele-is-based-en-normalized speed and torque values for engine testing
in the LLC duty cycle described in paragraph (d) of appendix B of this part.
(ii) Denormalize speed and torque values as described in 40 CFR 1065.512—Benormalize

torgue-as-deseribed-in40-CFR and 1065.610 with the following additional

requirements{e)-:
(A) The accessory load at idle described in paragraph (c) of this section must be

applied using the optional declared idle power in 40 CFR 1065.510(f)(6). Use of the
optional declared idle torque in 40 CFR 1065.510(f)(5)(iii) is not allowed and must be
ZEero.
(B) Replace paragraph 40 CFR 1065.610(d)(3)(vi) with the following:
(1) For all other idle segments less than or equal to 200 s in length, set the
reference speed and torgue values to the warm-idle-in-drive values. This is to
represent the transmission operating in drive.
(2) For idle segments more than 200 s in length, set the reference speed and
torque values to the warm-idle-in-drive values for the first three seconds and the
last three seconds of the idle segment. For all other points in the idle segment set
the reference speed and torgue values to the warm-idle-in-neutral values. This is
to represent the transmission being manually shifted from drive to neutral near the
beginning of the idle segment and back to drive near the end of the idle segment.
(ii1) Calculate and evaluate cycle statistics as described in 40 CFR 1065.514. For testing
spark-ignition gaseous-fueled engines with fuel delivery at a single-point in the intake
manifold, you may apply the statistical criteria in Table 1 in this section to validate the
LLC.

14



TABLE 1 10 PARAGRAPH (b)(1)(iii) OF § 1036.514—STATISTICAL CRITERIA FOR
VALIDATING DUTY CYCLES FOR GASEOUS-FUELED SPARK-IGNITION ENGINES?

Parameter Speed Torque Power
Slope, a1 — 0.800<a1<1.030 | 0.800<4a1<1.030

Absolute value of
intercept, |ao|
Standard error of <15 % of maximum
the estimate, SEE | — mapped power
Coefficientof | __ > 0,650 > 0,650
determination, r
aStatistical criteria apply as specified in 40 CFR 1065.514 unless otherwise

specified.

(2) Test hybrid engines and hybrid powertrains as described in § 1036.510(b)(2), with the
following exceptions:
(i) Replace Pcontrated With Prated, Which is the peak rated power determined in § 1036.520.
(ii) 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, place ptace-the transmission in park or neutral immediately after the 3rd
second in atthe-start-of-the idle segment, and place-shift the transmission into drive again
no-earhierthan-53 seconds before the end of the idle segment which is defined by the first
nonzero vehicle speed setpoint.
(iii) For hybrid engines, select the transmission from Table 1 of § 1036.540, substituting
“engine” for “vehicle”.
(iv) For hybrid engines, you may request to change the GEM-generated engine -
commanded-reference torque at idle to better represent curb idle transmission torque
(CITT).
(v) For plug-in hybrid engines and plug-in hybrid powertrains, determine criteria
pollutant and greenhouse gas emissions as described in § 1036.510(d) and (e), replacing
“SET” with “LLC”.
(vi) Calculate and evaluate cycle statistics as specified in 8 1036.545.
(c) Setdynamometertorgue-demand-such-thatApply a vehicle pewerrepresents-an-accessory
load for al-each idle eperatien-point in the cycle based on a constant power. Use the power
values as-deseribed-in Table 1-2 ef-to paragraph (c)(43) of this section fer-eachbased on primary
intended service class. For nonhybrid engine testing, this is in addition to any applicable CITT.
Additional provisions related to vehicle accessory load apply for the following special cases:
(1) For engines with stop-start technology, account for the loss of mechanical work due to the
lack of any idle accessory load during engine-off conditions by determining the total loss of
mechanical work from idle accessory load during all engine-off pewer-demandintervals over
the entire test interval and distributing that tead-work over the engine-on pertiens-intervals of
the entire test interval based on a calculated average power. You may determine the engine-
off time by running practice cycles or through engineering analysis.
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(2) Apply vehicle accessory power loads on idle points for hybrid powertrain testing where
torque is measured at the axle input shaft or wheel hubsthat-includesthe-transmission either
as a mechanical or electrical Ioad

{4}Tab|e }2 follows

TABLE 12 TO PARAGRAPH (€)(43) OF 8 1036.514—ACCESSORY LOAD AT IDLE

Primary intended Power representing
service class accessory load (kW)
Light HDE 1.5
Medium HDE 2.5
Heavy HDE 3.5

(d) 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 each constituent, m, over the test interval and-the-tetal-werkW;-as described in 40 CFR
1065.650. For nonhybrid engines, calculate the total work, W, over the test interval as described
in 40 CFR 1065.650(d). For hybrid engines and hybrid powertrains, cSalculate total positive

work over the test interval fer-powertratn-testing-using system power, Psys. Determine Psys using
8 1036.520(f). For powertrains with automatic transmissions, account for and include the work

produced by the engine from the CITT load. Ler—bateh%amphng—yeewnay—s%nple%aekgmuﬁd

23. Amend § 1036.520 by revising the introductory text, paragraphs (b) introductory text, (d)(2)
and (3), (h), and (i)(2) to read as follows:

8§ 1036.520 Determining power and vehicle speed values for powertrain testing.

This section describes how to determine the system peak power and continuous rated power of
hybrid and nonhybrid powertrain systems and the vehicle speed for carrying out duty-cycle
testing under this part and 840-CFR 1036+.54560.

* * * * *

(b) Set up the powertrain test according to 846-CFR 10367.5456, with the following exceptions:
* * * * *
(d) * * *
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(2) Set maximum driver demand for a full load acceleration at 6.0 % road grade with an
initial vehicle speed of 0 mi/hr, continuing for 268 seconds._You may decrease the road grade
in the first 30 seconds or increase initial vehicle speed up to 5 mi/hr as needed to mitigate

clutch slip.
(3) 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>30-seconds-after-the-grade-setpoint-hasreached-0-0-%.

* * * * *

(h) Determine rated power, Prated, as the maximum measured power from the data collected in
paragraph (df)(2) of this section where the COV determined that-meets-the-specifications-in
paragraph (g) of this section_is less than 2 %.
(i) * Kk *

(2) For hybrid powertrains, Pcontrated IS the maximum measured power from the data collected

in paragraph (d)(3) of this section where the COV determinedthat-meets-the-specifications in

paragraph (g) of this section_is less than 2 %.

* * * * *

24. Amend § 1036.525 by revising the introductory text to read as follows:

8 1036.525 Clean Idle test.

Measure emissions using the procedures described in this section to determine whether engines
and hybrid powertrains meet the clean idle emission standards in § 1036.104(b). For plug-in
hybrid engines and plug-in hybrid powertrains, perform the test with the hybrid function
disabled.

* * * * *

25. Amend § 1036.530 by adding paragraph (j) to read as follows:

8 1036.530 Test procedures for off-cycle testing.
* * * * *
(1) 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 mcoz norm.testinterval instead of Eq. 1036.530-2:
Wtestinterval

Mco2,norm,testinterval —

Eq. 1036.530-6

Pax * trestinterval

Where:
Wiestinterval = total positive work over the test interval as determined in 40 CFR 1065.650.
Pmax = the highest value of rated power for all the configurations included in the engine

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

Example:
Weestinterval = 8.95 hp-hr

Pmax = 406.5 hp
ttestinterval = 300.01 s = 0.08 hr
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8.95
Mco2,norm,testinterval — 406.5 - 0.08

MCO2,norm,testinterval = 0.2722
Mco2,norm,testinterval = 27.22 %
(2) Determine off-cycle emissions quantities as follows:
(i) For engines subject to spark-ignition standards, use the following equation instead of Eq.
1036.530-3:

_ M[emission]
e[emissions],offcycle -

Eq. 1036.530-7

Wtestinterval

Where:

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

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

Example:
mnox = 1.337 g
Wiestinterval = 38.2 hD'hI’

1.337
€NOx,offcycle = 382

eNOx,of‘fcycle = 0035 Q/hDhl’

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

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

YN .
i=1 ""‘[emission],testinterval,i

e[emissions],offcycle,binz =

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.

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

Weestinterval,i = total positive work over the test interval i 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
Weestintervaiz = 8.91 hD'hI’
Whestinterval2 = 8.94 hD'hI’
Weestintervala = 8.89 hD'hI’
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(0546 + 0.549 + 0.556... +mNOx,testinterval,15439)

(8.91 + 8.94 + 8.89... +Wiestinterval,15439)
ENOx,offcycle,bin2 = 0.026 q/hp-hr

€NOx,offcycle,bin2 =

26. Amend § 1036.535 by revising paragraphs (b)(1)(ii) introductory text, (b)(1)(ii)(B),
(b)(1)(iii), and (b)(10) to read as follows:

§ 1036.535 Determining steady-state engine fuel maps and fuel consumption at idle.
* * * * *
(b) * ok  *
(1) * * *
(ii) Betermine-Select the following defautt-required torque setpoints at each of the
selected speed setpoints: zero (T = 0), maximum mapped torque, Tmax mapped, and eight (or
more) equally spaced points between T = 0 and Tmax mapped. Select the maximum torque
setpoint at each speed to conform to the torque map as follows:
* * * * *
(B) Select Tmax at each speed setpoint as a single torque value to represent all the
default torque setpoints above the value determined in paragraph (b)(1)(ii)(A) of this
section. All of the other default torque setpoints less than Tmax at a given speed
setpoint are required torque setpoints.
(iii) You may select any additional speed and torque setpoints consistent with good
engineering judgment. For example you may need to select additional points if the
engine’s fuel consumption is nonlinear across the torque map.- Avoid creating a problem
with interpolation between narrowly spaced speed and torque setpoints near Tmax. For
each additional speed setpoint, we recommend including a torque setpoint of Tmax;
however, you may select torque setpoints that properly represent in-use operation.
Increments for torque setpoints between these minimum and maximum values at an
additional speed setpoint must be no more than one-ninth of Tmax,mapped. Note that if the
test points were added for the child rating, they should still be reported in the parent fuel
map. We will test with at least as many points as you. If you add test points to meet
testing requirements for child ratings, include those same test points as reported values
for the parent fuel map. For our testing, we will use the same normalized speed and
torque test points you use, and we may select additional test points.
* * * * *
(10) Correct the measured or calculated mean fuel mass flow rate, at each of the engine-idle
operating points to account for mass-specific net energy content as described in paragraph (e)
of this section.

* * * * *

27. Amend § 1036.540 by revising paragraph (b) to read as follows:
8 1036.540 Determining cycle-average engine fuel maps.

* * * * *

(b) General test provisions. The following provisions apply for testing under this section:
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Heoone

{2)-Measure NOx emissions for each specified sampling period in grams. You may perform
these measurements using a NOx emission-measurement system that meets the requirements
of 40 CFR part 1065, subpart J. Include these measured NOx values any time you report to
us your fuel-consumption values from testing under this section. If a system malfunction
prevents you from measuring NOx emissions during a test under this section but the test
otherwise gives valid results, you may consider this a valid test and omit the NOx emission
measurements; however, we may require you to repeat the test if we determine that you
inappropriately voided the test with respect to NOx emission measurement.

(23) The provisions related to carbon balance error verification in § 1036.543 apply for all
testing in this section. These procedures are optional, but we will perform carbon balance
error verification for all testing under this section.

(34) Correct fuel mass to a mass-specific net energy content of a reference fuel as described
in paragraph (d)(13) of this section.

(45) This section uses engine parameters and variables that are consistent with 40 CFR part
1065.

* * * * *

28. Revise § 1036.543 to read as follows:

8 1036.543 Carbon balance error verification.

The optional carbon balance error verification in 40 CFR 1065.543 compares independent
assessments of the flow of carbon through the system (engine plus aftertreatment). This
procedure applies for each individual interval in §8§ 1036.535(b), (c), and (d)-,ard 1036.540, and
40-CFR-10367.54560.

29. Add § 1036.545 to read as follows:

8§ 1036.545 Powertrain testing.
This section describes the procedure to measure fuel consumption and create engine fuel maps
by testing a powertrain that includes an engine coupled with a transmission, drive axle, and
hybrid components or any assembly with one or more of those hardware elements. Engine fuel
maps are part of demonstrating compliance with Phase 2 and Phase 3 vehicle standards under 40
CFR part 1037; the powertrain test procedure in this section is one option for generating this
fuel-mapping information as described in § 1036.505. Additionally, this powertrain test
procedure is one option for certifying hybrid engines and hybrid powertrains to the engine
standards in 88 1036.104 and 1036.108.
(a) General test provisions. The following provisions apply broadly for testing under this
section:
(1) Measure NOx emissions as described in paragraph (k) of this section. Include these
measured NOx values any time you report to us your greenhouse gas emissions or fuel
consumption values from testing under this section.
(2) The procedures of 40 CFR part 1065 apply for testing in this section except as specified.
This section uses engine parameters and variables that are consistent with 40 CFR part 1065.
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(3) Powertrain testing depends on models to calculate certain parameters. You can use the
detailed equations in this section to create your own models, or use the GEM HIL model
contained within GEM Phase 2, Version 4.0 (incorporated by reference in 40 CFR 1037.810)
to simulate vehicle hardware elements as follows:
(i) Create driveline and vehicle models that calculate the angular speed setpoint for the
test cell dynamometer, faref.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) of this section to simulate
a transmission only if testing hybrid engines.
(ii) Create a driver model or use the GEM HIL model’s driver submodel to simulate a
human driver modulating the throttle and brake pedals to follow the test cycle as closely
as possible.
(iii) Create a cycle-interpolation model or use the GEM HIL model’s cycle submodel to
interpolate the duty-cycles and feed the driver model the duty-cycle reference vehicle
speed for each point in the duty-cycle.
(4) The powertrain test procedure in this section is designed to simulate operation of different
vehicle configurations over specific duty cycles. See paragraphs (h) and (j) of this section.
(5) For each test run, record engine speed and torgue as defined in 40 CFR 1065.915(d)(5)
with a minimum sampling frequency of 1 Hz. These engine speed and torgue values
represent a duty cycle that can be used for separate testing with an engine mounted on an
engine dynamometer under 40 CFR 1037.551, such as for a selective enforcement audit as
described in 40 CFR 1037.301.
(6) 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. For plug-in hybrid electric
powertrains, follow 40 CFR 1066.501 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.
(7) The provisions related to carbon balance error verification in 8§ 1036.543 apply for all
testing in this section. These procedures are optional if you are only performing direct or
indirect fuel-flow measurement, but we will perform carbon balance error verification for all
testing under this section.
(8) Do not apply accessory loads when conducting a powertrain test to generate inputs to
GEM if torgue is measured at the axle input shaft or wheel hubs.
(9) If you test a powertrain over the duty cycle specified in 8§ 1036.514, control and apply the
electrical accessory loads using one of the following systems:
(1) _An alternator with dynamic electrical load control.
(ii) A load bank connected directly to the powertrain’s electrical system.
(10) The following instruments are required with plug-in hybrid systems to determine
required voltages and currents during testing and must be installed on the powertrain to
measure these values during testing:
(i) Measure the voltage and current of the battery pack directly with a DC wideband
power analyzer to determine power. Measure all current entering and leaving the battery
pack. Do not measure voltage upstream of this measurement point. The maximum
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integration period for determining amp-hours is 0.05 seconds. The power analyzer must
have an accuracy for measuring current and voltage of 1 % of point or 0.3 % of
maximum, whichever is greater. The power analyzer must not be susceptible to offset

errors while measuring current.
(ii) If safety considerations do not allow for measuring voltage, you may determine the

voltage directly from the powertrain ECM.
(11) The following figure provides an overview of the steps involved in carrying out testing

under this section:

22



FIGURE 1 TO PARAGRAPH (2)(11) oF § 1036.545—0OVERVIEW OF POWERTRAIN TESTING

1  Select powertrain according to
§ 1036.235 or 40 CFR 1037.235.

8 Validate measured output 9 Determine mass of fuel
speed as described in paragrpah consumed at idle as described in

(m) of this section. paragraph (n) of this section.

\ 4

y

1 !

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 GEM inputs from
powertrain test results for different
vehicle configurations as described
in paragraph (o) 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

v

section.
?

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

5 Tune driver model as described
in paragraph (g) of this section.

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 (ix) 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, substituting “engine” for “vehicle” and “highway
cruise cycle” for “SET”.

FTP Specific

1) Replace Pcontrated with Prated, which is the peak rated power determined in § 1036.527

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, substituting “engine” for
“vehicle”.

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 Pcontrated with Prated, which is the peak rated power determined in § 1036.527.

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 § 1036.505(d) and (e), replacing “SET” with “LLC”.
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(b) Test configuration. Select a powertrain for testing as described in 40 CFR 1037.235 or §
1036.235 as applicable. Set up the engine according to 40 CFR 1065.110 and 40 CFR
1065.405(b). Set the engine’s idle speed to idle speed defined in 40 CFR 1037.520(h)(1).
(1) The default test configuration consists of a powertrain with all components upstream of
the axle. This involves connecting the powertrain’s output shaft directly to the dynamometer
or to a gear box with a fixed gear ratio and measuring torque at the axle input shaft. You
may instead set up the dynamometer to connect at the wheel hubs and measure torque at that
location. The preceding sentence may apply if your powertrain configuration requires it,
such as for hybrid powertrains or if you want to represent the axle performance with
powertrain test results. Alternately you may test the powertrain with a chassis dynamometer
as long as you measure speed and torgue at the powertrain’s output shaft or wheel hubs.
(2) For testing hybrid engines, connect the engine’s crankshaft directly to the dynamometer
and measure torgue at that location.
(c) Powertrain temperatures during testing. Cool the powertrain during testing so temperatures
for oil, coolant, block, head, transmission, battery, and power electronics are within the
manufacturer’s expected ranges for normal operation. You may use electronic control module
outputs to comply with this paragraph (c). You may use auxiliary coolers and fans.
(d) Engine break in. Break in the engine according to 40 CFR 1065.405, the axle assembly
according to 40 CFR 1037.560, and the transmission according to 40 CFR 1037.565. You may
instead break in the powertrain as a complete system using the engine break in procedure in 40
CFR 1065.405.
(e) Dynamometer setup. Set the dynamometer to operate in speed-control mode (or torgue-
control mode for hybrid engine testing at idle, including idle portions of transient duty cycles).
Record data as described in 40 CFR 1065.202. Command and control the dynamometer speed at
a minimum of 5 Hz, or 10 Hz for testing hybrid engines. Run the vehicle model to calculate the
dynamometer setpoints at a rate of at least 100 Hz. If the dynamometer’s command frequency is
less than the vehicle model dynamometer setpoint frequency, subsample the calculated setpoints
for commanding the dynamometer setpoints.
(f) Driveline and vehicle model. Use the GEM HIL model’s driveline and vehicle submodels or
the equations in this paragraph (f) to calculate the dynamometer speed setpoint, faref.dyno, based on
the torque measurement location. For all powertrains, configure GEM with the accessory load
set to zero. For hybrid engines, configure GEM with the applicable accessory load as specified in
88 1036.505 and 1036.514. For all powertrains and hybrid engines, configure GEM with the tire
slip model disabled.
(1) Driveline model with a transmission in hardware. For testing with torque measurement
at the axle input shaft or wheel hubs, calculate, faref.dyno, using the GEM HIL model’s
driveline submodel or the following equation:
ka[speed] " Urefi

fnrefi,dyno -

2.1 Tspeed]

Eqg. 1036.545-1

Where:

Ka[speed] = drive axle ratio as determined in paragraph (h) of this section. Set Ka[speed) equal to
1.0 if torque is measured at the wheel hubs.

Vrefi = Simulated vehicle reference speed as calculated in paragraph (f)(3) of this section.
Iispeed] = tire radius as determined in paragraph (h) of this section.

(2) Driveline model with a simulated transmission. For testing with the torque measurement
at the engine’s crankshaft, faref.dyno is the dynamometer target speed from the GEM HIL
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model’s transmission submodel. You may request our approval to change the transmission
submodel, as long as the changes do not affect the gear selection logic. Before testing,
initialize the transmission model with the engine’s measured torque curve and the applicable
steady-state fuel map from the GEM HIL model. You may request our approval to input
your own steady-state fuel map. For example, this request for approval could include using a
fuel map that represents the combined performance of the engine and hybrid components.
Configure the torgue converter to simulate neutral idle when using this procedure to generate
engine fuel maps in 8 1036.505 or to perform the Supplemental Emission Test (SET) testing
under § 1036.510. You may change engine commanded torque at idle to better represent
CITT for transient testing under 8 1036.512. You may change the simulated engine inertia to
match the inertia of the engine under test. \We will evaluate your requests under this
paragraph (f)(2) based on your demonstration that that the adjusted testing better represents
in-use operation.
(i) The transmission submodel needs the following model inputs:

(A) Torque measured at the engine’s crankshaft.

(B) Engine estimated torque determined from the electronic control module or by

converting the instantaneous operator demand to an instantaneous torque in N-m.

(C) Dynamometer mode when idling (speed-control or torgue-control).

(D) Measured engine speed when idling.

(E) Transmission output angular speed, fni.transmission, calculated as follows:
ka[speed] " Urefi

fni,transmission -

Eqg. 1036.545-2

Where:

Ka[speed] = drive axle ratio as determined in paragraph (h) of this section.

Vrefi = Simulated vehicle reference speed as calculated in paragraph (f)(3) of this

section.

I'ispeed] = tire radius as determined in paragraph (h) of this section.

(ii) The transmission submodel generates the following model outputs:

(A) Dynamometer target speed.

(B) Dynamometer idle load.

(C) Transmission engine load limit.

(D) Engine speed target.
(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):

2.1 Tspeed]

k - T'-l
2 r . (Effaxle) -
Urefi = p- CdA
(M g Crr ' cos(atan(Gi_l)) + 2 : vrzef,i-l) - Fbrake,i-l - Fgrade,i-l
Aty
l + vref,i—l

M + Mrotating
Eq. 1036.545-3
Where:
i = a time-based counter corresponding to each measurement during the sampling period.
Let vrer1 = O; start calculations at i = 2. A 10-minute sampling period will generally
involve 60,000 measurements.
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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 torgue measurements, for example when measuring torque at the wheel hubs, T
is the sum of all torque measurements.

Effaxie = axle efficiency. Use Effaxie = 0.955 for T > 0, and use Effaxie = 1/0.955 for T < 0.
Use Effaxie = 1.0 if torgue 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?.

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

Gi-1 = the percent grade interpolated at distance, Di-1, from the duty cycle in appendix D
to this part corresponding to measurement (i-1).

N
D4 = Z(vref,i-l <At q)
i=1

F

Eq. 1036.545-4

o = air density at reference conditions. Use p = 1.1845 kg/m?®.

CdA = 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, At = 0.0100

seconds.

Mrotating = inertial 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) Example. The following example illustrates a calculation of faret.dyno Using paragraph (f)(1)
of this section where torque is measured at the axle input shaft. This example is for a
vocational Light HDV or vocational Medium HDV with 6 speed automatic transmission at B
speed (Test 4 in Table 1 to paragraph (h)(2)(ii) of this section).

kaB =4.0

re =0.399 m

To99 = 500.0 N-m

Cr=7.7 N/KN = 7.7-10= N/N

M = 11408 kg

CiA=5.4m?

Gogo = 0.39 % = 0.0039

998

Dggg = 2(19.99 +0.01 + 20.0 - 0.01+... +Vpero0g - Atoog) = 1792 m
i=0

Forake 999 =0 N

Vref.999 = 20.0 m/s

Fyrade999 = 11408 - 9.81 - sin(atan(0.0039)) = 436.5 N

At =0.0100s
Mirotating = 340 kq
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Uref1000 =
4.0:500.0

- (0.955) —
0.399
(11408 +9.80665 - 7.7 - 10~% - cos(atan(0.0039)) + =2 - 20. 02) —0—4365
_ 00100 + 20.0Vref1000
114084340

Vref1000 = 20.00189 m/s
4.0-20.00189

fnreflOOO,dyno = 2.3.14-0.399
faref1000,dyno = 31.93 r/s = 1915.8 r/min
(q) Driver model. Use the GEM HIL model’s driver submodel or design a driver model to
simulate a human driver modulating the throttle and brake pedals. In either case, tune the model
to follow the test cycle as closely as possible meeting the following specifications:
(1) The driver model must meet the following speed requirements:
(i) For operation over the highway cruise cycles, the speed requirements described in 40
CFR 1066.425(b) and (c).
(ii) For operation over the transient cycle specified in appendix A of this part, the SET as
defined 8 1036.510, the Federal Test Procedure (FTP) as defined in 8 1036.512, and the
Low Load Cycle (LLC) as defined in § 1036.514, the speed requirements described in 40
CFR 1066.425(b) and (c).
(iii) The exceptions in 40 CFR 1066.425(b)(4) apply to the highway cruise cycles, the
transient cycle specified in appendix A of this part, SET, FTP, and LLC.
(iv) If the speeds do not conform to these criteria, the test is not valid and must be
repeated.
(2) Send a brake signal when operator demand is zero and vehicle speed is greater than the
reference vehicle speed from the test cycle. Include a delay before changing the brake signal
to prevent dithering, consistent with good engineering judgment.
(3) Allow braking only if operator demand is zero.
(4) Compensate for the distance driven over the duty cycle over the course of the test. Use
the following equation to perform the compensation in real time to determine your time in

the cycle:

N
Vvehicle,i—1
t i = Z — | - At;_
cyclei (( Ucycle,i—l i—-1

i=1

Eq. 1036.545-6

Where:
Vvehicle = measured vehicle speed.
Veyele = reference speed from the test cycle. I Veyelei-1 < 1.0 m/s, set Veycle,i-1 = Vvehicle,i-1.

(h) Vehicle configurations to evaluate for generating fuel maps as defined in 8§ 1036.505.
Configure the driveline and vehicle models from paragraph (f) of this section in the test cell to
test the powertrain. Simulate multiple vehicle configurations that represent the range of intended
vehicle applications using one of the following options:
(1) For known vehicle configurations, use at least three equally spaced axle ratios or tire sizes
and three different road loads (nine configurations), or at least four equally spaced axle ratios
or tire sizes and two different road loads (eight configurations). Select axle ratios to
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represent the full range of expected vehicle installations. Select axle ratios and tire sizes such
that the ratio of engine speed to vehicle speed covers the range of ratios of minimum and
maximum engine speed to vehicle speed when the transmission is in top gear for the vehicles
in which the powertrain will be installed. Note that you do not have to use the same axle
ratios and tire sizes for each GEM regulatory subcategory. You may determine appropriate
Crr, CdA, and mass values to cover the range of intended vehicle applications or you may use
the Crr, CdA, and mass values specified in paragraph (h)(2) of this section.
(2) If vehicle configurations are not known, determine the vehicle model inputs for a set of
vehicle configurations as described in § 1036.540(c)(3) with the following exceptions:
(i) In the equations of § 1036.540(c)(3)(i), ktopgear is the actual top gear ratio of the
powertrain instead of the transmission gear ratio in the highest available gear given in
Table 1 in § 1036.540.
(ii) Test at least eight different vehicle configurations for powertrains that will be
installed in Spark-ignition HDE, vocational Light HDV, and vocational Medium HDV
using the following table instead of Table 2 in § 1036.540:

TABLE 1 T0 PARAGRAPH (h)(2)(ii) oF 8§ 1036.545—VEHICLE CONFIGURATIONS FOR TESTING
SPARK-IGNITION HDE, LicHT HDE, AND MEDIUM HDE

Parameter 1 2 3 4 5 6 7 8
Crr (N/KN) 6.2 .7 6.2 7.7 6.2 7 6.2 7
CeA 3.4 5.4 3.4 5.4 3.4 5.4 34 54
Cl engine speed for

Fuire ond k. forera foreta forers forers frrerc frrerc fotest fotest
Vyehicle _

Sl engine speed for

fntire and k fm forern IM fm fm forefs IM forefc
Uygh'cle 2

M (kg) 7,257 11,408 7,257 11,408 71,257 11,408 7,257 11,408
Miotating (KQ) 340 340 340 340 340 340 340 340
Driveaxle e | oae | oae | oae | 4 | 4 | a2 | 4
configuration

GEVI requlatory

GEM requlator LHD | MHD | LHD | MHD | LHD | MHD | LHD | MHD
subcategory

8Drive axle configuration and GEM regulatory subcategory are not used if using the equations in paragraph (f)(3) of
this section.

(iii) Select and test vehicle configurations as described in § 1036.540(c)(3)(iii) for
powertrains that will be installed in vocational Heavy HDV and tractors using the
following tables instead of Table 3 and Table 4 in § 1036.540:

28



TABLE 2 TO PARAGRAPH (h)(2)(iii) oF § 1036.545—VEHICLE CONFIGURATIONS FOR TESTING

GENERAL PURPOSE TRACTORS AND VOCATIONAL HEAVY HDV

Parameter 1 2 3 4 5 6 7 8 9
Crr (N/KN) 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9
CoA 54 4.7 4.0 54 4.7 4.0 54 4.7 4.0
Engine speed for
futire and ki farero farero farero frrets frrets frrets frtest frtest frtest
Vyehicle —

M (ka) 31,978 25,515 19,051 31,978 25,515 19,051 31,978 25,515 19,051
Mirotating (KQ) 1,021 794 794 1,021 794 794 1,021 794 794
Drive axle 6x4 6x4 4x2 6x4 6x4 4x2 6x4 6x4 4x2
Cconfiguration®

GEM requlatory C8 SC C8 DC C7 DC C8 SC C8 DC C7 DC C8 _SC C8 DC C7 DC
subcategory? HR MR MR HR MR MR HR MR MR

- -

Vehlcl_e weight 0 13.275 6.147 0 13,275 6,147 0 13,275 6,147
reduction (Ibs)

8Drive axle configuration and GEM reqgulatory subcategory are not used if using the equations in paragraph (f)(3) of this section.

TABLE 3 710 PARAGRAPH (h)(2)(iii) OoF § 1036.545—VEHICLE CONFIGURATIONS FOR TESTING

HEAVY HDE INSTALLED IN HEAVY-HAUL TRACTORS

Parameter 1 2 3 4 5 6
Cir (N/KN) 6.9 6.9 6.9 6.9 6.9 6.9
CdA 5.0 5.4 5.0 5.4 5.0 5.4
Engine speed for
Uf ntire 4 k@ I@ IM fm Im Ttest fatest
vehicle
M (kg) 53,751 31,978 53,751 31,978 53,751 31,978
Mirotating (KQ) 1,021 1,021 1,021 1,021 1,021 1,021
Diveade 6x4 bx4 6x4 6x4 ox4 6x4
configuration
GEWM regulatory
GEM requlator C8HH | CBSCHR| C8HH | C8SCHR| C8HH | C8SCHR
subcategory’

8Drive axle configuration and GEM reqgulatory subcategory are not used if using the equations in paragraph (f)(3)

of this section.

(3) For hybrid powertrain systems where the transmission will be simulated, use the

transmission parameters defined in § 1036.540(c)(2) to determine transmission type and gear

ratio. Use a fixed transmission efficiency of 0.95. The GEM HIL transmission model uses a

transmission parameter file for each test that includes the transmission type, gear ratios,

lockup gear, torque limit per gear from § 1036.540(c)(2), and the values from §

1036.505(b)(4) and (c).

(i) [Reserved]

(i) Duty cycles to evaluate. Operate the powertrain over each of the duty cycles specified in 40

CFR 1037.510(a)(2), and for each applicable vehicle configuration from paragraph (h) of this

section. Determine cycle-average powertrain fuel maps by testing the powertrain using the

procedures in 8 1036.540(d) with the following exceptions:

(1) Understand “engine” to mean “powertrain”.

(2) Warm up the powertrain as described in § 1036.520(c)(1).
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(3) Within 90 seconds after concluding the warm-up, start the transition to the
preconditioning cycle as described in paragraph (j)(5) of this section.

(4) For plug-in hybrid engines, precondition the battery and then complete all back-to-back
tests for each vehicle configuration according to 40 CFR 1066.501 before moving to the next
vehicle configuration. Figure 2 of this section provides an example of a charge-depleting test
sequence where there are two test intervals that contain engine operation. Figure 2 follows:

FIGURE 2 TO PARAGRAPH ({)(4) oF § 1036.545— GENERIC DUTY-CYCLE CYCLE CHARGE-
DEPLETING TEST SEQUENCE

Charge-Depleting Charge-Sustaining
O =
(%]
(3]
o
3 g
® E_nd-_of-test
criterion met

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

\_'_I

Duty-cycles with
engine operation for
criteria pollutant
determination

(5) If 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.
(6) Start the next duty-cycle within 60 to 180 seconds after shutting off the powertrain.
(i) 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.
(i) 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.
(7) Calculate cycle work using GEM or the speed and torque from the driveline and vehicle
models from paragraph (f) of this section to determine the sequence of duty cycles.
(8) Calculate the mass of fuel consumed for idle duty cycles as described in paragraph (n) of
this section.
(k) Measuring NOx emissions. Measure NOx emissions for each sampling period in grams. You
may perform these measurements using a NOx emission-measurement system that meets the
requirements of 40 CFR part 1065, subpart J. If a system malfunction prevents you from
measuring NOx emissions during a test under this section but the test otherwise gives valid
results, you may consider this a valid test and omit the NOx emission measurements; however,
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we may require you to repeat the test if we determine that you inappropriately voided the test
with respect to NOx emission measurement.

(D) [Reserved]

(m) Measured output speed validation. For each test point, validate the measured output
speed(s) with the corresponding reference values. For test setups where speed is measured at
multiple locations, each location must meet the requirements in this paragraph (m). 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 1 of this section. You may delete points when the vehicle
is stopped. If your speed measurement is not at the location of fnref, correct your measured speed
using the constant speed ratio between the two locations. 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 — STATISTICAL CRITERIA FOR VALIDATING DUTY
CYCLES

Parameter? Speed Control

Slope, a1 0.990 <a; <1.010.

Absolute value of intercept, |ao| < 2.0 % of maximum furet Speed.
Standard error of the estimate, SEE | <2.0 % of maximum farer Speed.
Coefficient of determination, r? > 0.990.

aDetermine values for specified parameters as described in 40 CFR
1065.514(e) by comparing measured and reference values for faref.dyno.

(n) Fuel consumption at idle. Record measurements using direct and/or indirect measurement of

fuel flow. Determine the fuel-consumption rates at idle for the applicable duty cycles described

in 40 CFR 1037.510(a)(2) as follows:
(1) Direct fuel flow measurement. Determine the corresponding mean values for mean idle
fuel mass flow rate, m,qjiq.. fOr each duty cycle, as applicable. Use of redundant direct fuel-
flow measurements require our advance approval.
(2) Indirect fuel flow measurement. Record speed and torque and measure emissions and
other inputs needed to run the chemical balance in 40 CFR 1065.655(c). Determine the
corresponding mean values for each duty cycle. Use of redundant indirect fuel-flow
measurements require our advance approval. Measure background concentration as
described in § 1036.535(b)(4)(ii). We recommend setting the CVS flow rate as low as
possible to minimize background, but without introducing errors related to insufficient
mixing or other operational considerations. Note that for this testing 40 CFR 1065.140(¢e)
does not apply, including the minimum dilution ratio of 2:1 in the primary dilution stage.
Calculate the idle fuel mass flow rate for each duty cycle, mg,qiqe. fOr each set of vehicle
settings, as follows:

Mc - XCcombdry MCo2DEF
exh * -

ietdie = -

fuelidle Cmeas 1+ xHZOethry MCOZ
Eq. 1036.545-7
Where:

Mc = molar mass of carbon.
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Wcmeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40 CFR
1065.655(d), except that you may not use the default properties in Table 2 of 40 CFR
1065.655 to determine a, £, and wc for liquid fuels.

Nexn = the mean raw exhaust molar flow rate from which you measured emissions according
to 40 CFR 1065.655.

Xccombdry_=_the mean concentration of carbon from fuel and any injected fluids in the exhaust
per mole of dry exhaust.

XH20exhdry_= the mean concentration of H20O in exhaust per mole of dry exhaust.

Meozper.=the mean CO2 mass emission rate resulting from diesel exhaust fluid
decomposition over the duty cycle as determined in 8 1036.535(b)(9). If your engine does
not use diesel exhaust fluid, or if you choose not to perform this correction, set mcoapgr

equal to 0.
Mco2 = molar mass of carbon dioxide.

Example:

Mc = 12.0107 g/mol
Wcmeas = 0.867

Nexh = 25.534 mol/s

X Ccombdry_=_2.805-10"° mol/mol

XH20exhdry = 3.53:102 mol/mol

nT'lCOZDEF =0.0726 g/S
Mco2 = 44.0095

- 12.0107 2.805-1073 0.0726
Miuelidle = ~6 867 ( *'Ti3s3 107 44.0095)
T;lfuelidle =0.405 Q/S = 1458.6 Q/hr

(o) Create GEM inputs. Use the results of powertrain testing to determine GEM inputs for the

different simulated vehicle configurations as follows:
(1) Correct the measured or calculated fuel masses, Mruelfcycle], and mean idle fuel mass flow
rates, Mme,eiqie. it applicable, for each test result to a mass-specific net energy content of a
reference fuel as described in § 1036.535(e), replacing 7, With Mrueifeycle] Where applicable
in Eq. 1036.535-4.
(2) Declare fuel masses, Mruelfcycle] AN Mg, eige. DEErMINe Mruelreycle] Using the calculated fuel
mass consumption values described in 8 1036.540(d)(12). In addition, declare mean fuel
mass flow rate for each applicable idle duty cycle, myeq.. These declared values may not
be lower than any corresponding measured values determined in this section. If you use both
direct and indirect measurement of fuel flow, determine the corresponding declared values as
described in § 1036.535(g)(2) and (3). These declared values, which serve as emission
standards, collectively represent the powertrain fuel map for certification.
(3) For engines designed for plug-in hybrid electric vehicles, the mass of fuel for each cycle,
Miuelfcycle], IS the utility factor-weighted fuel mass, Mrueluricycle]l. This is determined by
calculating mruel for the full charge-depleting and charge-sustaining portions of the test and

weighting the results, using the following equation:
N M

(1 — UFgcp)
MfyelUF[cycle] = Z[mfuel[cycle]CDi : (UFDCDi - UFDCDi—l)] + Z[mfuel[cycle]CS/] ’ T

i=1 j=1

Eq. 1036.545-8
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Where:

I = an indexing variable that represents one test interval.

N = total number of charge-depleting test intervals.

Mruelfcyclelcpi = total mass of fuel 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.
UFbcpi = utility factor fraction at distance Dcpi from Eq. 40 CFR 1037.505-9 as determined
by interpolating the approved utility factor curve for each test interval, i, starting from i = 1.
Let UFpcpo =0

| = an indexing variable that represents one test interval.

M = total number of charge-sustaining test intervals.

Mruelfcycle]csj = total mass of fuel over the charge-sustaining portion of the test for each test
interval, |, starting from j = 1.

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

charge-depleting test intervals.
Q

Dep; = Z(vk - At)

k=1
Eq. 1036.545-9

Where:

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

Q = total number of measurements over the test interval.

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

At = 1/frecord

frecord = the record rate.

Example for the 55 mi/hr cruise cycle:
Q=8790
v1 = 55.0 mi/hr
v2 = 55.0 mi/hr
vz = 55.1 mi/hr
frecors = 10 Hz
At=1/10Hz=0.1s
8790

k=1

Dcp2 = 13.4 mi
Dcps =13.4 mi
N=3

UFbco1 = 0.05
UFbcp2 = 0.11
UFbcps = 0.21
Mfuelsscruisecd1 = 0 g
Miuels5cruisecD2 = 0 4
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MfuelsscruisecD3s = 1675.4 g

M=1
Mfuelsscruisecs = 4884.1 g
UFrcp = 0.21
Megelursseruise = 10+ (0.05—=0)+0-(0.11 —0.05) +1675.4-(0.21 — 0.11)] + 4884.1
(1-0.21)
1

MiuelUrsscruise = 4026.0 0]
(4) For the transient cycle specified in 40 CFR 1037.510(a)(2)(i), calculate powertrain output

fnpowertrain

, using one of the following methods:

speed per unit of vehicle speed, [ ]
VUpowertrain [cycle]

(i) For testing with torque measurement at the axle input shaft:
lf npowertrain ka

VUpowertrain l[cycle] 2.1 Tspeed]
Eqg. 1036.545-10

Example:
ka = 40
re=0.399m

[f npowertrain

B 4.0
"~ 2-3.14-0.399

1% ; l
powertrain fi ., gjenttests

[fpw_t = 1.596 r/m

1‘_7 i l
powertrain transienttest4

(ii) For testing with torgue measurement at the wheel hubs, use Eqg. 1036.545-8 setting ka

equal to 1.
(iii) For testing with torque measurement at the engine’s crankshaft:

lf npowertrainl _ f nengine
[cycle]

1_7powertrain Uret

Eq. 1036.545-11

Where:

fnengme = average engine speed when vehicle speed is at or above 0.100 m/s.
Vror.= average simulated vehicle speed at or above 0.100 m/s.

Example:
fnengine.= 1870 r/min = 31.17 r/s

Urer = 19.06 m/s

lfnpowertrainl _ 31.17

7 i ~ 19.06

_ powertrain li . gjenttests

lfnpowertrainl — 1.635 r/m

7 _ .
powertrain ly.opjenttest4

(5) Calculate engine idle speed, by taking the average engine speed measured during the
transient cycle test while the vehicle speed is below 0.100 m/s. (Note: Use all the charge-
sustaining test intervals when determining engine idle speed for plug-in hybrid engines and
plug-in hybrid powertrains.)
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(6) For the cruise cycles specified in 40 CFR 1037.510(a)(2)(ii), calculate the average
powertrain output speed, fi,powertrain.@Nd the average powertrain output torgue (positive

torque only), T, owertrain. 8t VEhicle speed at or above 0.100 m/s. (Note: Use all the charge-
sustaining and charge-depleting test intervals when determining fnpowertrain and Tpowertram
for plug-in hybrid engines and plug-in hybrid powertrains.)
(7) Calculate positive work, Wieycle], as the work over the duty cycle at the axle input shaft,
wheel hubs, or the engine’s crankshaft, as applicable, when vehicle speed is at or above
0.100 m/s. For plug-in hybrid engines and plug-in hybrid powertrains, calculate Wicycie) by
calculating the positive work over each of the charge-sustaining and charge-depleting test
intervals and then averaging them together. For test setups where speed and torque are
measured at multiple locations, determine Wcycle] by integrating the sum of the power
measured at each location.
(8) The following tables illustrate the GEM data inputs corresponding to the different vehicle
configurations for a given duty cycle:

(i) For the transient cycle:

TABLE 5 TO PARAGRAPH (0)(8)(i) OF § 1036.545 —EXAMPLE OF OUTPUT MATRIX FOR
TRANSIENT CYCLE VEHICLE CONFIGURATIONS

Configuration
1 2 3 4

Parameter

(=]

Mfuel[cycle]

f npowertrain

vpowertrain l[cycle]
chycle
fuidle

(ii) For the cruise cycles:

TABLE 6 TO PARAGRAPH (0)(8)(ii) oF § 1036.545 — GENERIC EXAMPLE OF OUTPUT MATRIX FOR
CRUISE CYCLE VEHICLE CONFIGURATIONS

Configuration

Parameter 1 2 3 4 5 5 7

Miuel[cycle]

f npowertrain[cycle]

T

powertrain[cycle]

W cycle

(p) Determining useable battery energy. Useable battery energy (UBE) is defined as the total
DC discharge enerqy, Epcototal, measured in DC Watt hours, over the charge-depleting portion of
the test sequence determined in paragraph (p)(2) of this section for the Heavy-duty Transient
Test Cycle in 40 CFR part 1037, appendix A. Select a representative vehicle configuration from
paragraph (h) of this section for determination of UBE. UBE represents the total deliverable
energy the battery is capable of providing while a powertrain is following a duty cycle on a

dynamometer.

35



30.

(1) Measure DC discharge enerqgy, Epcp, in watt-hours and DC discharge current per hour,
Cbp, for the charge-depleting portion of the test sequence. The measurement points must
capture all the current flowing into and out of the battery pack during powertrain operation,
including current associated with regenerative braking. The equation for calculating
powertrain Epcp is given in Eg. 1036.545-12, however, it is expected that this calculation
will typically be performed internally by the power analyzer specified in paragraph (a)(10)(i)
of this section. Battery voltage measurements made by the powertrain’s own on-board
sensors (such as those available via a diagnostic port) may be used for calculating Epco if
these measurements are equivalent to those produced by the power analyzer.

N
Focp = ) Vil 4t
0

i=
Eq. 1036.545-12

Where:

i = an indexing variable that represents one individual measurement.
N = total number of measurements.

V = battery DC bus voltage.

| = battery current.

At = 1/frecord

frecord = the data recording frequency.

Example:
N = 13360
V1 =454.0
V2 =454.0
1.=0

I2=0

frecord = 20 Hz
At=1/20=0.05s

13360

EDCD == Z (454’.0 ° 0 + 454’.0 * O + A + V13360 ° 113360) * 0.05

i=0
Ebcp = 6540232.7 W-s = 1816.7 W-hr

(2) Determine a declared UBE that is at or below the corresponding value determined in
paragraph (p)(1) of this section, including those from redundant measurements. This
declared UBE serves as the initial UBE determined under 40 CFR 1037.115(f).

Amend § 1036.550 by revising paragraphs (b)(1)(i), (b)(2) introductory text, and (b)(2)(i) to
read as follows:

8§ 1036.550 Calculating greenhouse gas emission rates.

*

* * * *

(b) * * *

(1) * * *
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(i) For liquid fuels, determine Emfueimeas according to ASTM D4809 (incorporated by
reference in § 1036.810). Have the sample analyzed by at least three different labs and
determine the final value of your test fuel’s Emfueimeas as the median of all the lab test
results you obtained_as described in 40 CFR 1065.602(m). If you have results from three
different labs, we recommend you screen them to determine if additional observations are
needed. To perform this screening, determine the absolute value of the difference
between each lab result and the average of the other two lab results. If the largest of
these three resulting absolute value differences is greater than 0.297 MJ/kg, we
recommend you obtain additional results prior to determining the final value of Emfueimeas.
* * * * *

(2) Determine your test fuel’s carbon mass fraction, wc, as described in 40 CFR 1065.655(d),

expressed to at least three decimal places; however, you must measure fuel properties_for «

and g rather than using the default values specified in Fable-1-0f40 CFR 1065.655(¢).
(i) For liquid fuels, have the sample analyzed by at least three different labs and
determine the final value of your test fuel’s wc as the median of all of the lab results you
obtained as described in 40 CFR 1065.602(m). If you have results from three different
labs, we recommend you screen them to determine if additional observations are needed.
To perform this screening, determine the absolute value of the difference between each
lab result and the average of the other two lab results. If the largest of these three
resulting absolute value differences is greater than 1.56 percent carbon, we recommend
you obtain additional results prior to determining the final value of wc.

* * * * *

Subpart G—Special Compliance Provisions
31. Amend § 1036.605 by revising paragraph (e) to read as follows:

8§ 1036.605 Alternate emission standards for engines used in specialty vehicles.

* * * * *

(e) In a separate application for a certificate of conformity, identify the corresponding nonroad
engine family, describe the label required under section, state that you meet applicable diagnostic
requirements under 40 CFR part 1039 or part 1048, and identify your projected U.S.-directed
nationwide-production volume.

* * * * *

32. Amend § 1036.615 by revising paragraph (a) to read as follows:

8§ 1036.615 Engines with Rankine cycle waste heat recovery and hybrid powertrains.

* * * * *

(a) Pre-transmission hybrid powertrains. Test pre-transmission hybrid powertrains with the
hybrid engine procedures of 40 CFR part 1065 or with the post-transmission procedures in 846
CFR 1036+.5450. Pre-transmission hybrid powertrains are those engine systems that include
features to recover and store energy during engine motoring operation but not from the vehicle’s
wheels. Engines certified with pre-transmission hybrid powertrains must be certified to meet the
diagnostic requirements as specified in § 1036.110 with respect to powertrain components and
systems; if different manufacturers produce the engine and the hybrid powertrain, the hybrid
powertrain manufacturer may separately certify its powertrain relative to diagnostic
requirements.

* * * * *
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33. Amend § 1036.630 by revising paragraph (b) to read as follows:

8§ 1036.630 Certification of engine greenhouse gas emissions for powertrain testing.

* * * * *

(b) If you choose to certify only fuel map emissions for an engine family and to not certify
emissions over powertrain cycles under 846-CFR 1036+.5456, we will not presume you are
responsible for emissions over the powertrain cycles. However, where we determine that you are
responsible in whole or in part for the emission exceedance in such cases, we may require that
you participate in any recall of the affected vehicles. Note that this provision to limit your
responsibility does not apply if you also hold the certificate of conformity for the vehicle.

* * * * *

Subpart H—Averaging, Banking, and Trading for Certification

34. Amend § 1036.705 by revising paragraph (c) introductory text, redesignating paragraph
(c)(4) as paragraph (c)(5), and adding a new paragraph (c)(4) to read as follows:

§ 1036.705 Generating and calculating emission credits.

* * * * *

(c) Compliance with the requirements of this subpart is determined at the end of the model year
by calculatlnq emlssmn credits based on actual productlon volumes excludlnq the followmq

(4) Engines certified to state emission standards that are different than the emission standards

in this part.
(5) Any other engines if we indicate elsewhere in this part that they are not to be included in

the calculations of this subpart.

* * * * *

35. Amend § 1036.725 by revising paragraph (b)(2) to read as follows:

8§ 1036.725 Required information for certification.

* * * * *

(b) * ok  *
(2) Betated-cCalculations of projected emission credits (positive or negative) based on
projected U-S—-direeted-production volumes as described in § 1036.705(c). We may require
you to include similar calculations from your other engine families to project your net credit
balances for the model year. If you project negative emission credits for a family, state the
source of positive emission credits you expect to use to offset the negative emission credits.
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36. Amend § 1036.730 by revising paragraphs (b)(4) and (f)(1) to read as follows:

8 1036.730 ABT reports.

* * * * *

(b) * * *
(4) The projected and actual U-S--directed-production volumes for calculating emission
credits for the model year. If you changed an FEL/FCL during the model year, identify the
actual U-S--directed-production volume associated with each FEL/FCL.

* * * * *

(f) * * *
(1) If you notify us by the deadline for submitting the final report er-we-determineby

September-30-after-the-end-of the-medelyear-that errors mistakenly decreased your balance

of emission credits, you may correct the errors and recalculate the balance of emission
credits. If you notify us that errors mistakenly decreased your balance of emission credits
after the deadline for submitting the final report, you may correct the errors and recalculate
the balance of emission credits after applying a 10 percent discount to the credit correction,
but onlv if you notify us wrthln 24 months after the deadline for submrttrnq the final report.

aiter—theenel—ef—theumeelel—year—lf you report a negatrve balance of emission credlts we may

disallow corrections under this paragraph (f)(1).

* * * * *

37. Amend § 1036.735 by revising paragraph (d) to read as follows:

§ 1036.735 Recordkeeping.
* * * * *

(d) Keep appropriate records to document production volumes of engines that generate or use
emission credits under the ABT program. For example, keep available Keep-records of the
engine identification number (usually the serial number) for each engine you produce that
generates or uses emission credits-uhderthe-ABTpregram. You may identify these numbers as
arange. If you change the FEL/FCL after the start of production, identify the date you started
using each FEL/FCL and the range of engine identification numbers associated with each
FEL/FCL. You must also identify the purchaser and destination for each engine you produce to
the extent this information is available.

* * * * *

Subpart I—Definitions and Other Reference Information

38. Amend § 1036.801 by:

a. Adding a definition of “Carbon-containing fuel” in alphabetical order.

b. Removing the definitions of “Criteria pollutants” and “Greenhouse gas”.

c. Revising the definition of “Hybrid”.

d. Removing the definitions of “Hybrid engine” and “Hybrid powertrain”.

e. Revising the definition of “Mild hybrid”.

f. Adding a definition of “Neat” in alphabetical order.

g. Revising the definitions of “Small manufacturer” and “U.S.-directed production volume”.
The additions and revisions read as follows:
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8§ 1036.801 Definitions.

* * * * *

Carbon-containing fuel has the meaning given in 40 CFR 1065.1001.

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), at 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(s) (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. Provisions 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

pluq in hvbrld electrlc powertralns a#engm&eweweﬁr&m%ha%melﬁde&ene#gy—sterageiea&#es
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Mild hybrid means relating to a hybrid engine or_hybrid powertrain with regenerative braking
capability where the system recovers less than 20 percent of the total braking energy over the
transient cycle defined in appendix A of 40 CFR part 1037.

* * * * *

Neat has the meaning given in § 1065.1001.

* * * * *

Small manufacturer means a manufacturer meeting the criteria specified in 13 CFR 121.201.
The employee and revenue limits apply to the total number of employees and total revenue
together for all affiliated companies_(as defined in 40 CFR 1068.30). Note that manufacturers
with low production volumes may or may not be “small manufacturers”.

* * * * *

U.S.-directed production volume means the number of engines, subject to the requirements of
this part, produced by a manufacturer for which the manufacturer has a reasonable assurance that
sale was or will be made to ultimate purchasers in the United States. Fhis-does-net-include-Note
that this includes engines certified to state emission standards that are different than the emission
standards in this part.

* * * * *

39. Amend § 1036.805 by adding an entry to Table 5 in alphabetical order to read as follows:

8 1036.805 Symbols, abbreviations, and acronyms.

* * * * *

(e) * * *

TABLE 5 TO PARAGRAPH (€) OF § 1036.805—OTHER ACRONYMS AND ABBREVIATIONS
Acronym | Meaning

* k Kk Kk kK%

GCWR | gross combined weight rating.

R I e

40. Amend § 1036.810 by adding paragraph (e) to read as follows:

§ 1036.810 Incorporation by reference.

* * * * *

(e) U.S. EPA, Office of Air and Radiation, 2565 Plymouth Road, Ann Arbor, Ml 48105;

WWW.epa.gov.
(1) Greenhouse gas Emissions Model (GEM) Phase 2, Version 4.0, April 2022 (“GEM Phase

2, Version 4.0”); IBR approved for § 1036.545(a).
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(2) [Reserved]

41. Amend § 1036.815 by revising paragraph (b) to read as follows:

8§ 1036.815 Confidential information.

* * * * *

(b) Emission data or information that is publicly available cannot be treated as confidential
business information as described in 40 CFR 1068.11. Data that vehicle manufacturers need for
demonstrating compliance with greenhouse gas emission standards, including fuel-consumption
data as described in 88 1036.535 and 40-CFR-10367.5450, also qualify as emission data for
purposes of confidentiality determinations.

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

VEHICLES

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

Subpart A—Overview and Applicability

43. Amend § 1037.1 by revising paragraph (a) to read as follows:

§ 1037.1 Applicability.

(a) The regulations in this part 1037 apply for all new heavy-duty vehicles, except as provided in

88 1037.5-an6-1037104. This includes battery electric vehicles, fuel cell electric vehicles, and
vehlcles fueled by conventional and alternative fuels.-Fhis-also-includes-certain-tratersas

44. Amend § 1037.5 by:

a. Revising paragraph (e).

b. Removing paragraphs (g) and (h).

c. Redesignating paragraph (i) as paragraph (g).
The revisions read as follows:

§ 1037.5 Excluded vehicles.

* * * * *

(e) Vehicles subject to the heavy-duty emission standards of 40 CFR part 86. See 40 CFR
86—]:84:@&%86—18%949# part 86 subpart S, for emission standards that apply for these vehicles.

Subpart B—Emission Standards and Related Requirements
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45. Amend § 1037.101 by revising paragraphs (a)(2) and (b)(2) and (3) to read as follows:

§ 1037.101 Overview of emission standards.

* * * * *

(a) * * *

emissions:
(i) CO2-CH4-and-N20 emission standards apply as described in §8 1037.105 through
103710%and 1037.106. No CH4 or N20 standards apply under this part. See 40 CFR part

1036 for CH4 or N2O standards that apply to engines used in these vehicles.

(i1) Hydrofluorocarbon standards apply as described in § 1037.115(e). These pollutants

are also “greenhouse gas pollutants” but are treated separately from exhaust greenhouse

gas pollutants listed in paragraph (ab)(2)(i) of this section.

* * * * *
(b) * *x  *

(2) For greenhouse gas pollutants, vehicles are regulated in the following groups:

(i) Tractors above 26,000 pounds GVWR.

(ii)-Fraters:

¢+ Vocational vehicles.
(3) The greenhouse gas emission standards apply differently depending on the vehicle service
class as described in 8 1037.140. In addition, standards apply differently for vehicles with
spark-ignition and compression-ignition engines. References in this part 1037 to “spark-
ignition” or “compression-ignition” generally relate to the application of standards under 40
CFR 1036.140. For example, a vehicle with an engine certified to spark-ignition standards
under 40 CFR part 1036 is generally subject to requirements under this part 1037 that apply
for spark-ignition vehicles. However, note that emission standards for Heavy HDE are
considered to be compression-ignition standards for purposes of applying vehicle emission
standards under this part. Also, for spark-ignition engines voluntarily certified as
compression-ignition engines under 40 CFR part 1036, you must choose at certification
whether your vehicles are subject to spark-ignition standards or compression-ignition
standards._Heavy-duty vehicles with no installed propulsion engine, such as battery electric
vehicles, are subject to compression-ignition emission standards for the purpose of

calculating emission credits.
* * * * *

46. Amend § 1037.102 by revising paragraph (b) introductory text to read as follows:

8 1037.102 Criteria eExhaust emission standards—+fe+NOy, HC, PM, and CO.
* * * * *
(b) Heavy-duty vehicles with no installed propulsion engine, such as battery electric vehicles, are
subject to criteria pollutant standards under this part. The emission standards that apply are the
same as the standards that apply for compression-ignition engines under 40 CFR 86.007-11 and
1036.104 for a given model year.

*

* * * *
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47. Amend § 1037.105 by:

a. Revising paragraphs (a)(1) and (2) and (b)(1) and (4)
b. Removing and reserving paragraph (c).

c. Revising paragraph (h)(1).

The revisions read as follows:

§ 1037.105 CO, emission standards for vocational vehicles.

(a) I
(1) Heavy-duty vehicles at or below 14,000 pounds GVWR that are not subject to exeluded
from-the standards-in40-CFR-86-1819 greenhouse gas standards in 40 CFR part 86, subpart
S, or that use engines certified under 8§ 1037.150(m).
(2) Vehicles above 14,000 pounds GVWR and at or below 26,000 pounds GVWR, but not
certified to the vehicle standards-r-40-CFR-86-1819greenhouse gas standards in 40 CFR part

86, subpart S.

* * * * *

(b) * * *
(1) Model year 2027 and later vehicles are subject to CO2 standards corresponding to the
selected subcategories as shown in the following table:

TABLE 1 OF PARAGRAPH (b)(1) oF § 1037.105—PHASE 3 CO2 STANDARDS FOR MODEL YEAR
2027 AND LATER VOCATIONAL VEHICLES (g/ton-mile)

Compression-ignition Engine Spark-ignition Engine
Model Subcategory Medium Medium
Year Light HDV HDV Heavy HDV | Light HDV HDV
Urban 294 213 232 340 252
2027 Multi-Purpose 257 190 193 299 223
Regional 218 173 152 246 202
Urban 275 209 228 321 248
2028 Multi-Purpose 238 186 189 280 219
Regional 199 169 148 227 198
Urban 255 202 225 301 241
2029 Multi-Purpose 218 179 186 260 212
Regional 179 162 145 207 191
Urban 238 195 200 284 234
2030 Multi-Purpose 201 172 161 243 205
Regional 162 155 120 190 184
Urban 219 188 193 265 227
2031 Multi-Purpose 182 165 154 224 198
Regional 143 148 113 171 177
2032 Urban 179 176 177 225 215
and later Mul_tl-Purpose 142 153 138 184 186
= Regional 103 136 97 131 165

FaBLE 1 oF 81037 105—PHASE 2 CO2 STANDARDS FOR-MODEL- Y EAR 2027 ANB-LATER

LSS e S e s e e
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|  Spark-ignition | MediumHDV | 268 | 247 | 297 |

* * * * *

(4) Model year 2014 through 2020 vehicles are subject to Phase 1 CO2 standards as shown in
the following table:

TABLE 4 OF PARAGRAPH (b)(4) § 1037.105—PHASE 1 CO2 STANDARDS FOR MODEL YEAR

2014 THROUGH 2020 VOCATIONAL VEHICLES (g/ton-mile)

COgz standard for
Vehicle size mo%gzysé[::]sd;gf 43516 model year 2017-and
later-2020
Light HDV 388 373
Medium HDV 234 225
Heavy HDV 226 222

(C) Ml e e b e e oo o Cen A0 e sl L0RE e D e B D
standa#ds#»apappwﬂ}gme&used%%es&;emaeﬂ Reserved]

(h) * * *

(1) The following alternative emission standards apply by vehicle type and model year as

follows:

TABLE 5 OF PARAGRAPH (h)(1) oF § 1037.105—OPTIONAL PHASE 3 CO2 STANDARDS FOR

MODEL YEAR 2027 AND LATER CUSTOM CHASSIS VOCATIONAL VEHICLES (g/ton-mile)

82:505?? Custom Model Year | Model Year | Model Year | Model Year | Model Year _%gge;;;ear
=== 2027 2028 2029 2030 2031 vSeE—
Vehicle Type — — — — — later
School Bus 190 182 176 168 163 149
Other Bus 286 269 255 237 220 189
Coach Bus 205 205 205 185 164 154
Refuse Hauler 253 241 232 221 212 191
Concrete Mixer 259 250 240 231 224 205
Motor home 226 226 226 226 226 226
Mixed-use vehicle 316 316 316 316 316 316
Emergency vehicle 319 319 319 319 319 319

TABLE 65 OF PARAGRAPH (h)(1) oF § 1037.105—PHASE 2 CuSTOM CHASSIS STANDARDS FOR

MODEL YEARS 2021 THROUGH 2026

(g/ton-mile)

Vehicle type? Assign_ed vehicle Model Year 2021-
service class 2026

School bus Medium HDV 291

Motor home Medium HDV 228

Coach bus Heavy HDV 210

Other bus Heavy HDV 300

Refuse hauler Heavy HDV 313

Concrete mixer Heavy HDV 319

Mixed-use vehicle Heavy HDV 319

Emergency vehicle Heavy HDV 324

* * * * *
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48. Amend § 1037.106 by revising paragraph (b), removing and reserving paragraph (c), and
revising paragraphs (f)(2) introductory text and (f)(2)(i) to read as follows:

8§ 1037.106 CO, Exhaust-emission standards for tractors above 26,000 pounds GVWR.

* * * * *

(b) Fhe-CO2 standards in this paragraph (b) fertractors-abeve-26,000-pounds-GVWR-inTable-1
of this-section-apply based on modeling and testing as described in subpart F of this part. The

provisions of 8 1037.241 specify how to comply with these standards-tr-this-paragraph-(b).
(1) Model year 2027 and later tractors are subject to CO2 standards corresponding to the
selected subcategories as shown in the following tables:

TABLE 1 OF PARAGRAPH (b)(1) oF § 1037.106—C0O2 EMISSION STANDARDS FOR MODEL YEAR
2027 AND LATER TRACTORS (0/TON-MILE)

Model Roof Class 7 Class 8 Class 8 Heavv-Haul
Year Height All Cab Styles Day Cab Sleeper Cab TEaVy AL
Low 86.6 66.1 64.1
2027 Mid 93.1 70.2 69.6 48.3
High 90.0 68.1 64.3
Low 84.7 64.6 64.1
2028 Mid 91.0 68.6 69.6 48.3
High 88.0 66.6 64.3
Low 81.8 62.4 64.1
2029 Mid 87.9 66.3 69.6 48.3
High 85.0 64.3 64.3
Low 77.0 58.7 57.7
2030 Mid 82.7 62.4 62.6 43.0
High 80.0 60.6 57.9
Low 67.3 51.4 51.3
2031 Mid 2.4 54.6 55.7 42.5
High 70.0 53.0 51.4
Low 63.5 48.4 48.1
%ater M—'d 68.2 515 52.2 4Ll
High 66.0 50.0 48.2

(2) Model year 2026 and earlier tractors are subject to CO2 standards corresponding to the
selected subcategory as shown in the following table:

TABLE 21 OF PARAGRAPH (b)(2) oF § 1037.106—C0O2 STANDARDS FOR MODEL YEAR 2026 AND
EARLIER CEASS-ANDB-CEASS-8- TRACTORSBY-MOBEL-YEAR (g/ton-mile)

Phase 1 Phase 1 Phase 2 Phase 2
standards for | standards for | standards for | standards for

model years | model years | model years | model years
2014-2016 2017-2020 2021-2023 2024-2026

Subcategory?

Class 7 Low-Roof

(ol o styles) 107 104 1055 99.8
Class 7 Mid-Roof 119 115 1132 107.1
(all cab styles)

Class 7 High-Roof 124 120 1135 106.6
(all cab styles) ' '
Class 8 Low-Roof Day Cab 81 80 80.5 76.2
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Class 8 Low-Roof Sleeper Cab 68 66 72.3 68.0
Class 8 Mid-Roof Day Cab 88 86 85.4 80.9
Class 8 Mid-Roof Sleeper Cab 76 73 78.0 735
Class 8 High-Roof Day Cab 92 89 85.6 80.4
Class 8 High-Roof Sleeper Cab 75 72 75.7 70.7
Heavy-Haul Tractors — — 52.4 50.2

(c) No-CHa-or N O-standards-apply-under-this section.—See 40-CFR part 1036 for CHa0r N:O
stand&rds%hapapplweﬁ@musedrmmewmmeleﬂ Reserved]

(f) * * *
(2) You may optionally certify Class 7 tractors not covered by paragraph (f)(1) of this section

to the standards and useful life for Class 8 tractors. This paragraph (f)(2) applies equally for
hybrid vehicles, battery electric vehicles, and fuel cell electric vehicles. Credit provisions
apply as follows:

(i) If you certify all your Class 7 tractors to Class 8 standards, you may use these Heavy

HDV credits without restriction.-Fhis-paragraph-(B{2{H-apphies-equatly-for-hybrid-and
electric-vehicles

* * * * *

§ 1037.107—[Removed]
49. Remove § 1037.107.




Dry-van Refrigerated-van
) Shes —eRg Shes —eag
2018-2020 1254 813 1291 83.0
2021-2023 1237 789 1275 80.6
2024-2026 1209 772 1247 789
2027+ 1188 757 1227 774

50. Amend § 1037.115 by revising paragraphs (a) and (e)(1) and adding paragraph (f) to read as
follows:

§ 1037.115 Other requirements.

* * * * *

(a) Adjustable parameters. Vehicles that have adjustable parameters must meet all the
requirements of this part for any adjustment in the practically adjustable range. We may require
that you set adjustable parameters to any specification within the practically adjustable range
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during any testing. See 40 CFR 1068.50 for general provisions related to adjustable parameters.
You must ensure safe vehicle operation throughout the practically adjustable range of each
adjustable parameter, including consideration of production tolerances. Note that adjustable roof

fairings and—tra#er—ltear—fmmgsrare deemed not to be adjustable parameters.

* * *

(e) E N
(1) This paragraph (e) is intended to address air conditioning systems for which the primary
purpose is to cool the driver compartment. This would generally include all cab-complete
pickups and vans. This paragraph (e) does not apply for refrigeration units on trailers.
Similarly, it does not apply for self-contained air conditioning used to cool passengers or
refrlgeratlon unlts used to cool cargo on vocatlonal vehlcles N#eendme—mngand

pewe#remw%&ed%eﬂmpeme#emelesfmr purposes of thls paragraph (e), a seIf-

contained system is an enclosed unit with its own evaporator and condenser even if it draws
power from the engine.
* * * * *
(f) Battery durability monitor. Battery electric vehicles and plug-in hybrid electric vehicles must
meet monitoring requirements related to batteries serving as a Rechargeable Energy Storage
System from GTR No. 22 (incorporated by reference in § 1037.810). The requirements of this
section apply starting in model year 2030. The following clarifications and adjustments to GTR
No. 22 apply for vehicles subject to this section:
(1) Install a customer-accessible display that monitors, estimates, and communicates the
vehicle’s State of Certified Energy (SOCE) include information in the application for
certification as described in 81037.205. Monitoring requirements related to State of Certified
Range (SOCR) do not apply.
(3) Accuracy requirements for SOCE in GTR No. 22 do not apply. Minimum Performance
Requirements for battery durability also do not apply.
(4) For battery electric vehicles, use good engineering judgment to develop a test procedure
for determining useable battery energy (UBE).
(5) For plug-hybrid electric vehicles, determine UBE as described in 40 CFR 1036.545.

51. Amend § 1037.120 by:

a. Revising paragraph (b)(1)(iii).
b. Removing paragraph (b)(1)(iv).
c. Revising paragraph (c).

The revisions read as follows:

8 1037.120 Emission-related warranty requirements.
* * * * *
(b) * * *
(1) * * *
(I) Emrom o b e Loseenn e
{w}—l—yeapfer—me&w&tauedren%mleps—aﬂdrz years or 24,000 miles for aH-other-tires.

* *

(c) Components covered. The emission-related warranty covers tires, automatic tire inflation
systems, tire pressure monitoring systems, vehicle speed limiters, idle-reduction systems, kybrid
system-components;-and-devices added to the vehicle to improve aerodynamic performance (not
including standard components such as hoods or mirrors even if they have been optimized for
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aerodynamics), fuel cell stacks, and RESS and other components used with hybrid systems,
battery electric vehicles, and fuel cell electric vehicles to the extent such emission-related
components are included in your application for certification. The emission-related warranty
also covers other added emission-related components to the extent they are included in your
application for certification, and any other components whose failure would increase a vehicle’s
CO2 emissions. The emission-related warranty covers all components whose failure would
increase a vehicle’s emissions of air conditioning refrigerants (for vehicles subject to air
conditioning leakage standards), and it covers all components whose failure would increase a
vehicle’s evaporative and refueling emissions (for vehicles subject to evaporative and refueling
emission standards). The emission-related warranty covers components that are part of your
certlfled conflguratlon even if another company produces the component —\éeer—emtssten-retated

52. Amend § 1037.130 by revising paragraph (a) to read as follows:

§ 1037.130 Assembly instructions for secondary vehicle manufacturers.

(@) If you sell a certified incomplete vehicle to a secondary vehicle manufacturer, give the
secondary vehicle manufacturer instructions for completing vehicle assembly consistent with the
requirements of this part. Include all information necessary to ensure that the final vehicle
assembly (including the engine-fer-vehicles-other-than-tratlers) will be in its certified

configuration.
* * * * *

53. Amend § 1037.140 by revising paragraph (g)(5) introductory text to read as follows:

8§ 1037.140 Classifying vehicles and determining vehicle parameters.

* * * * *

(g) * * *
(5) Heavy-duty vehicles with no installed propulsion engine, such as battery electric vehicles,

are divided as follows:

* * * * *

54. Amend § 1037.150 by:

a. Revising paragraphs (c), (f) and (p).

b. Removing paragraphs (u) through (x).

c. Redesignating paragraphs (y) through (bb) as paragraphs (u) through (x).
d. Revising the redesignated paragraph (x).

e. Adding a new paragraph (y).

The revisions and addition read as follows:

§ 1037.150 Interim provisions.

* * * * *

(c) Small manufacturers. The following provisions apply for small manufacturers:
1) The following provmons apply throuqh model year 2026




{2)-The greenhouse gas standards of 8§ 1037.105 and 1037.106 are optional for small
manufacturers producing vehicles with a date of manufacture before January 1, 2022. In
addition, small manufacturers producing vehicles that run on any fuel other than gasoline,
E85, or diesel fuel may delay complying with every later standard under this part by one
model year.

(ii3) Qualifying manufacturers must notify the Designated Compliance Officer each
model year before introducing excluded vehicles into U.S. commerce. This notification
must include a description of the manufacturer’s qualification as a small business under
13 CFR 121.201. Manufacturers must label excluded vehicles with the following
statement: “THIS VEHICLE IS EXCLUDED UNDER 40 CFR 1037.150(c).”

(iii4) Small manufacturers may meet Phase 1 standards instead of Phase 2 standards in
the first year Phase 2 standards apply to them if they voluntarily comply with the Phase 1
standards for the full preceding year. Specifically, small manufacturers may certify their
model year 2022 vehicles to the Phase 1 greenhouse gas standards of 88 1037.105 and
1037.106 if they certify all the vehicles from their annual-J-S-—-directed production
volume included in emission credit calculations forte the Phase 1 standards starting on or
before January 1, 2021.

(2) The following provisions apply for model year 2027 and later for qualifying small

manufacturers:

(i) The following standards apply for vocational vehicles instead of the standards
specified in § 1037.105:

TABLE 1 oF PARAGRAPH (€)(2)(i) oF § 1037.150—SMALL MANUFACTURER CO2

STANDARDS VOCATIONAL VEHICLES (g/ton-mile

Engine cycle Vehicle size Multi-purpose | Regional | Urban

Compression-ignition Light HDV 330 291 367

Compression-ignition | Medium HDV 235 218 258

Compression-ignition | Heavy HDV 230 189 269
Spark-ignition Light HDV 372 319 413
Spark-ignition Medium HDV 268 247 297

TABLE 2 OF PARAGRAPH (C)(2)(i) oF § 1037.150— SMALL MANUFACTURER CO2
STANDARDS FOR CUSTOM CHASSIS VOCATIONAL VEHICLES (g/ton-mile)

Vehicle tvped Assigned vehicle MY 2027 and
VENEE WRE service class later

School bus Medium HDV 271
Motor home Medium HDV 226
Coach bus Heavy HDV 205
Other bus Heavy HDV 286
Refuse hauler Heavy HDV 298
Concrete mixer Heavy HDV 316
Mixed-use vehicle Heavy HDV 316
Emergency vehicle Heavy HDV 319

®Vehicle types are generally defined in § 1037.801. “Other bus”
includes any bus that is not a school bus or a coach bus. A
“mixed-use vehicle” is one that meets at least one of the criteria
specified in § 1037.631(a)(1) or (2).
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(ii) The following standards apply for tractors instead of the standards specified in
§ 1037.106:

TABLE 3 OF PARAGRAPH (¢)(2)(ii) oF § 1037.150— SMALL MANUFACTURER CO2
STANDARDS FOR CLASS 7 AND CLASS 8 TRACTORS BY SUBCATEGORY (g/ton-mile)

Phase 2
standards for
Subcategory? model year
2027 and
later
Class 7 Low-Roof (all cab styles) 96.2
Class 7 Mid-Roof (all cab styles) 103.4
Class 7 High-Roof (all cab styles) 100.0
Class 8 Low-Roof Day Cab 73.4
Class 8 Low-Roof Sleeper Cab 64.1
Class 8 Mid-Roof Day Cab 78.0
Class 8 Mid-Roof Sleeper Cab 69.6
Class 8 High-Roof Day Cab 75.7
Class 8 High-Roof Sleeper Cab 64.3
Heavy-Haul Tractors 48.3

aSubcategory terms are defined in § 1037.801.

(iii) Small manufacturers producing vehicles that run on any fuel other than gasoline,
E85, or diesel fuel may delay complying with the model year 2027 standards under this
paragraph (c) by one model year.

(iv) Label qualifying vehicles with the following statement: “THIS VEHICLE MEETS
PHASE 2 STANDARDS AS ALLOWED UNDER 40 CFR 1037.150(c).”

(v) Small manufacturers may bank emission credits only by certifying all their vehicle
families within a given averaging set to the Phase 3 standards that apply for the current
model year.

(vi) The battery durability monitor requirements of § 1037.115(f) apply for vehicles
subject to standards under this paragraph (c).

(35) See paragraphs (), (1), (yu), and (aaw) of this section for additional allowances for small
manufacturers.

* * *

(F) Testing exemption for qualifying vehicles. Tailpipe CO2 emissions from battery electric

vehicles, fuel cell electric vehicles, and vehicles with engines fueled with neat hydrogen are

deemed to be zero. No COz related testlnq is requwed under thls part for these vehicles. Eleeme

(p) Credit multiplier for advanced technology. You may calculate credits you generate from

vehicles certified with advanced technology as follows:H-yeu-generate-creditsfrom-Phase-1

vehicles-certified-with-advanced-technology . you-may
(1) For Phase 1 vehicles, multiply the credits by 1.50, except that you may not apply this

multiplier in addition to the early-credit multiplier of paragraph (a) of this section.
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(2) For model year 2026 and earlier, apply multipliers of 3.5 for plug-in hybrid electric
vehicles, 4.5 for battery electric vehicles, and 5.5 for fuel cell electric vehicles; muttiphy-these

wvehiclescalculate credits relative to the Phase 2 standard. In model year 2027, the advanced
technology multiplier applies only for fuel cell electric vehicles, with credits multiplied
relative to the Phase 3 standard.

* * * * *
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WSSO SACianen O nnlanl D D
(bbx) Transition to updated GEM. (1) Vehicle manufacturers may demonstrate compliance with
Phase 2 GHG-greenhouse gas standards in model years 2021 through 2023 using GEM Phase

2, Version 3.0, Version 3.5.1, or Version 4.0 (incorporated by reference in §1037.810).
Manufacturers may change to a different version of GEM for model years 2022 and 2023 for
a given vehicle family after initially submitting an application for certification; such a change
must be documented as an amendment under § 1037.225. Manufacturers may submit an end-
of-year report for model year 2021 using any of the three regulatory versions of GEM, but
only for demonstrating compliance with the custom-chassis standards in § 1037.105(h); such
a change must be documented in the report submitted under § 1037.730. Once a
manufacturer certifies a vehicle family based on GEM Version 4.0, it may not revert back to
using GEM Phase 2, Version 3.0 or Version 3.5.1 for that vehicle family in any model year.
(2) Vehicle manufacturers may certify for model years 2021 through 2023 based on fuel
maps from engines or powertrains that were created using GEM Phase 2, Version 3.0,
Version 3.5.1, or Version 4.0 (incorporated by reference in § 1037.810). Vehicle
manufacturers may alternatively certify in those years based on fuel maps from powertrains
that were created using GEM Phase 2, Version 3.0, GEM HIL model 3.8, or GEM Phase 2,
Version 4.0 (incorporated by reference in § 1037.810). Vehicle manufacturers may continue
to certify vehicles in later model years using fuel maps generated with earlier versions of
GEM for model year 2024 and later vehicle families that qualify for using carryover
provisions in § 1037.235(d).
(y) Correcting credit calculations. If you notify us by October 1, 2024 that errors mistakenly
decreased your balance of emission credits for 2020 or any earlier model years, you may correct
the errors and recalculate the balance of emission credits after applying a 10 percent discount to
the credit correction.

Subpart C—Certifying Vehicle Families

55. Amend § 1037.205 by revising the introductory text, paragraphs (b) introductory text, (b)(6),
(e), (0), and (q) to read as follows:

§ 1037.205 What must I include in my application?
This section specifies the information that must be in your application, unless we ask you to
include less information under 8 1037.201(c). We may require you to provide additional
information to evaluate your application. References to testing and emission-data vehicles refer
to testing vehicles or components to measure any quantity that serves as an input value for

| modeling emission rates under § 1037-515-6+-1037.520.
* * * * *
(b) Explain how the emission control system operates. As applicable, describe in detail all
system components for controlling greenhouse gas emissions, including all auxiliary emission
control devices (AECDs) and all fuel-system components you will install on any production
vehicle. Identify the part number of each component you describe. For this paragraph (b), treat
as separate AECDs any devices that modulate or activate differently from each other. Also

| describe your modeling inputs as described in §58-1037.515-and 1037.520, with the following
additional information if it applies for your vehicles:

* * * * *
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(6) If you perform powertrain testing under §-40 1036+.5458, report both CO2 and NOx

emission levels corresponding to each test run.
* * * * *

(e) Describe any test equipment and procedures that you used, including any special or alternate
test procedures you used (see § 1037.501). Include information describing the procedures you
used to determine CdA values as specified in 8§ 1037.525 threugh-and 1037.527. Describe
WhICh type of data you are usmg for englne fuel maps (see 40 CFR 1036 505) #—yeer—tra#e#

* * * * *

(o) Report calculated and modeled emission results as foHews:
{1)-Forvecational-vehicles-and-tractors—report-moedeling-results-for ten configurations. Include
modeling inputs and detailed descriptions of how they were derived. Unless we specify
otherwise, include the configuration with the highest modeling result, the lowest modeling result,
and the conflguratlons with the hlghest prOJected sales

(g) For battery electric vehicles and plug-in hybrid electric vehicles, describe the recharging
procedures and methods for determining battery performance, such as state of charge and
charging capacity. Also mclude the certlfled usable battery enerqy for each battery durablllty

subfamily.

§ 1037.230—[Amended]

56. Amend § 1037.230 by removing paragraphs (a)(3) and (d)(3).
57. Amend § 1037.231 by revising paragraph (a) to read as follows:

§ 1037.231 Powertrain families.

(a) If you choose to perform powertrain testing as specified in 840 CFR 1036+.5458, use good
engineering judgment to divide your product line into powertrain families that are expected to
have similar fuel consumptions and CO2 emission characteristics throughout the useful life. Your
powertrain family is limited to a single model year.

* * * * *
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58. Amend § 1037.235 by revising the introductory text and paragraphs (a) and (c)(3) and
removing paragraph (g)(3) to read as follows:

8§ 1037.235 Testing requirements for certification.

This section describes the emission testing you must perform to show compliance with respect to
the greenhouse gas emission standards in subpart B of this part, and to determine any input
values from 85§-1037.515-and 1037.520 that involve measured quantities.

(a) Select emission-data vehicles that represent production vehicles and components for the
vehicle family consistent with the specifications in §§ 1037.205(0);-+83%515; and 1037.520.
Where the test results will represent multiple vehicles or components with different emission
performance, use good engineering judgment to select worst-case emission data vehicles or
components. In the case of powertrain testing under §-40 CFR 1036+.5458, select a test engine,
test hybrid components, test axle and test transmission as applicable, by considering the whole
range of vehicle models covered by the powertrain family and the mix of duty cycles specified in
§ 1037.510. If the powertrain has more than one transmission calibration, for example economy
vs. performance, you may weight the results from the powertrain testing in 40 CFRS 10367.5450
by the percentage of vehicles in the family by prior model year for each configuration. This can
be done, for example, through the use of survey data or based on the previous model year’s sales

volume. Weight the results of Mruelfcycle], M, and Wieycle] from Table 2 of 40

powertrain

CFRS 1036+.5450 according to the percentage of vehicles in the family that use each
transmission calibration.
* * * * *
(C) * * *
(3) Before we test one of your vehicles or components, we may set its adjustable parameters
to any point within the physiealy-practically adjustable ranges, if applicable.

* * * * *

(g) * * *

59. Amend § 1037.241 to read as follows:

§ 1037.241 Demonstrating compliance with exhaust emission standards for greenhouse gas

pollutants.

(a) Compliance determinations for purposes of certification depend on whether or not you

participate in the ABT program in subpart H of this part.
(1) If none of your vehicle families generate or use emission credits in a given model year, ,
each of your vehicle families is considered in compliance with the CO2 emission standards in
88 1037.105 threugh-1037107and 1037.106 if all vehicle configurations in the family have
calculated or modeled CO2 emission rates from §-1637.515-6+-§ 1037.520 that are at or below
the applicable standards. A vehicle family is deemed not to comply if any vehicle
configuration in the family has a calculated or modeled CO2 emission rate that is above the
applicable standard.
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(2) If you generate or use emission credits with one or more vehicle families in a given
model year, your vehicle families within an averaging set are considered in compliance with
the CO2 emission standards in 88§ 1037.105 threugh-1037-107and 1037.106 if the sum of
positive and negative credits for all vehicle configurations in those vehicle families lead to a
zero balance or a positive balance of credits, except as allowed by§ 1037.745. Note that the

fe)-We may require you to provide an engineering analysis showing that the performance of your
emission controls will not deteriorate during the useful life with proper maintenance. If we
determine that your emission controls are likely to deteriorate during the useful life, we may
require you to develop and apply deterioration factors consistent with good engineering
judgment. For example, you may need to apply a deterioration factor to address deterioration of
battery performance for a hybrid electrie-vehicle. Where the highest useful life emissions occur
between the end of useful life and at the low-hour test point, base deterioration factors for the
vehicles on the difference between (or ratio of) the point at which the highest emissions occur
and the low-hour test point.

Subpart D— Testing Production Vehicles and Engines

8§ 1037.310—[Removed]
60. Remove § 1037.310.

61. Amend § 1037.315 by revising paragraph (a) to read as follows:

§ 1037.315 Audit procedures related to powertrain testing.

(a) For vehicles certified based on powertrain testing as specified in 40 CFR 1036+.5450, we
may apply the selective enforcement audit requirements to the powertrain. If engine
manufacturers perform the powertrain testing and include those results in their certification under
40 CFR part 1036, they are responsible for selective enforcement audits related to those results.
Otherwise, the certificate holder for the vehicle is responsible for the selective enforcement
audit.

* * * * *

Subpart E—In-use Testing
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62. Amend § 1037.401 by revising paragraph (b) to read as follows:

8§ 1037.401 General provisions.

* * * * *

(b) We may measure the drag area of a vehicle you produced after it has been placed into
service. We may use any of the procedures as specified in 8§ 1037.525 andthreugh 1037.527 for
measuring drag area. Your vehicle conforms to the regulations of this part with respect to
aerodynamic performance if we measure its drag area to be at or below the maximum drag area
allowed for the bin to which that configuration was certified.

Subpart F—Test and Modeling Procedures

63. Amend § 1037.501 by revising paragraphs (a) and (h) and removing paragraph (i) to read as
follows:

§ 1037.501 General testing and modeling provisions.

* * * * *

(a) Except as specified in subpart B of this part, you must demonstrate that you meet emission

standards using emission modeling as described in §8-1037515-and 1037.520. This modeling

depends on several measured values as described in this subpart F. You may use fuel-mapping
information from the engine manufacturer as described in 40 CFR 1036.535 and 1036.540, or

you may use powertrain testing as described in 40 CFRS 16371036.54560.

*

* * * *

;i | . o
{H-Note that declared GEM inputs for fuel maps and aerodynamic drag area typically includes
compliance margins to account for testing variability; for other measured GEM inputs, the
declared values are typically the measured values without adjustment.

64. Amend § 1037.510 by:

a. Revising paragraphs (a) introductory text, (a)(2) introductory text, and (a)(2)(iii) and (iv).

b. In the Where statement for ¥,,ving and Wieycle), removing the text “table 1 to this section” and
adding, in its place, the text “table 1 of this section”.

c. Revising paragraphs (c)(3) and (d).

The revisions read as follows:

§ 1037.510 Duty-cycle exhaust testing.
*

* * * *

(a) Measure emissions by testing the-vehicle-on-a-chassis-dynramometer-or-the powertrain on a

powertrain dynamometer with the applicable duty cycles. Each duty cycle consists of a series of
speed commands over time—uvariable speeds for the transient test and constant speeds for the
highway cruise tests. None of these cycles include vehicle starting or warmup.

* * * * *

(2) Perform cycle-average engine fuel mapping as described in 40 CFR 1036.540. For

powertrain testing under 40 CFRS 10371036.5456 or § 1037.555, perform testing as
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described in this paragraph (a)(2) to generate GEM inputs for each simulated vehicle

configuration, and test runs representing different idle conditions. Perform testing as

follows:

* * * * *

(iii) Drive idle. Perform testing at a loaded idle condition for Phase 2 vocational
vehicles. For engines with an adjustable warm idle speed setpoint, test at the minimum
warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s
warm idle speed. Warm up the powertrain as described in 40 CFR 1036.520(ed){4).
Within 60 seconds after concluding the warm-up, linearly ramp the powertrain down to
zero vehicle speed over 20 seconds. Apply the brake and keep the transmission in drive
(or clutch depressed for manual transmission). Stabilize the powertrain for (60 +1)
seconds and then sample emissions for (30+1) seconds.
(iv) Parked idle. Perform testing at a no-load idle condition for Phase 2 vocational
vehicles. For engines with an adjustable warm idle speed setpoint, test at the minimum
warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s
warm idle speed. Warm up the powertrain as described in 40 CFR 1036.520(de){1).
Within 60 seconds after concluding the warm-up, linearly ramp the powertrain down to
zero vehicle speed in 20 seconds. Put the transmission in park (or neutral for manual
transmissions and apply the parking brake if applicable). Stabilize the powertrain for
(180 1) seconds and then sample emissions for (600 £1) seconds.

* * * * *

(C) * * *
* * * * *

(3) Table 1 follows:

TABLE 1 OF PARAGRAPH (¢)(3) OF 8§ 1037.510—WEIGHTING FACTORS FOR DUTY CYCLES

Distance-weighted Time-weighted?® Average speed
Transient 55 m_i/hr 65 m.i/hr Drive Pgrked Non- during nqn-idle
cruise cruise idle idle idle cycles (mi/hr)°
Day Cabs 19% 17% 64 % — — — —
Sleeper Cabs 5% 9% 86 % — — — —
Heavy-haul 19% 17% | 64% — — — —
Ttractors
Vocational— 20 % 24 % 56 % 0% 25% | 75% 38.41
Regional
Vocational—
Multi-Purpose 54 % 29 % 17% 17 % 25% 58 % 23.18
(2b-7)
Vocational—
Multi-Purpose 54 % 23% 23% 17 % 25% 58 % 23.27
®
\Lﬁfg;t]'c(’gg'g 92 % 8 % 0% 15% | 25% | 60% 16.25
Vocational— 90 % 10 % 0% 15% | 25% | 60% 1651
Urban (8)
Vocational with
conventlgnal 42 % 21 % 37 9% . L o L
powertrain
(Phase 1 only)
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Vocational
Hybrid
Vehicles (Phase
1 only)

2Note 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.

bThese values apply even for vehicles not following the specified speed traces.

5% 9% 16 % — — — —

* * * * *

(d) For highway cruise and transient testing, compare actual second-by-second vehicle speed
with the speed specified in the test cycle and ensure any differences are consistent with the
criteria as specified in 40 CFR8 1036%.5450(g)(1). If the speeds do not conform to these criteria,
the test is not valid and must be repeated.

* * * * *

§ 1037.515—[Removed]
65. Remove § 1037.515.
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66. Amend § 1037.520 by:
a. Revising the introductory text and paragraphs (a)(2) introductory text, (b)(3), and (e)(1).
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b. In paragraph (e)(3), removing the text “PHASE 2 VOCATIONAL VEHICLES” and adding, in its
place, the text “PHASE 2 AND PHASE 3 VOCATIONAL VEHICLES”.

c. Revising paragraphs (g)(4), and (j)(2).

The revisions read as follows:

§ 1037.520 Modeling CO- emissions to show compliance for vocational vehicles and
tractors.
This section describes how to use the Greenhouse gas Emissions Model (GEM) (incorporated by
reference in § 1037.810) to show compliance with the CO2 standards of §8 1037.105 and
1037.106 for vocational vehicles and tractors. Use GEM version 2.0.1 to demonstrate
compliance with Phase 1 standards; use GEM Phase 2, Version 4.0 to demonstrate compliance
with Phase 2 and Phase 3 standards. Use good engineering judgment when demonstrating
compliance using GEM.—See-§8-1037-515forcalculationproceduresfor-demenstrating
(a) E I
(2) For Phase 2 and Phase 3 vehicles, the GEM inputs described in paragraphs (a)(1)(i)
through (v) of this section continue to apply. Note that the provisions in this part related to
vehicle speed limiters and automatic engine shutdown systems are available for vocational
vehicles in Phase 2 and Phase 3. The rest of this section describes additional GEM inputs for
demonstrating compliance with Phase 2 and Phase 3 standards. Simplified versions of GEM
apply for limited circumstances as follows:
(b) *  *x  *
(3) For Phase 2 and Phase 3 tractors other than heavy-haul tractors, determine bin levels and
CuA inputs as follows:
(i) Determine bin levels for high-roof tractors based on aerodynamic test results as
specified in § 1037.525 and summarized in the following table:

TABLE 3 TO PARAGRAPH (b)(3)(i) OF § 1037.520—BIN DETERMINATIONS FOR PHASE 2 AND PHASE
3 HIGH-ROOF TRACTORS BASED ON AERODYNAMIC TEST RESULTS (Cd¢A in m?)

Tractor type Bin | Bin 11 Bin 111 Bin IV Bin V Bin VI Bin VII
Day Cabs >72 6.6-7.1 6.0-6.5 5.5-5.9 5.0-5.4 4.5-4.9 <44
Sleeper Cabs >6.9 6.3-6.8 5.7-6.2 5.2-5.6 4.7-5.1 4.2-4.6 <41

(i) For low- and mid-roof tractors, you may either use the same bin level that applies for
an equivalent high-roof tractor as shown in Table 3 of this section, or you may determine
your bin level based on aerodynamic test results as described in Table 4 of this section.

TABLE 4 TO PARAGRAPH (b)(3)(ii) oF § 1037.520—BIN DETERMINATIONS FOR PHASE 2 AND
PHASE 3 LOW-ROOF AND MID-ROOF TRACTORS BASED ON AERODYNAMIC TEST RESULTS (CdA in
m?)
Tractor type Bin | Bin 11 Bin 111 Bin 1V Bin V Bin VI Bin VII
Low-Roof Cabs >5.4 4.9-5.3 4.5-4.8 4.1-4.4 3.8-4.0 3.5-3.7 <34
Mid-Roof Cabs >5.9 5.5-5.8 5.1-5.4 4.7-5.0 4.4-4.6 4.1-4.3 <4.0

(iii) Determine the C4A input according to the tractor’s bin level as described in the
following table:

63



TABLE 5 TO PARAGRAPH (h)(3)(iii) oF § 1037.520—PHASE 2 AND PHASE 3 C4dA TRACTOR INPUTS
BASED ON BIN LEVEL

Tractor type Bin | Bin 11 Bin 111 Bin IV Bin V Bin VI Bin VII
High-Roof Day Cabs 7.45 6.85 6.25 5.70 5.20 4.70 4.20
High-Roof Sleeper Cabs 7.15 6.55 5.95 5.40 4.90 4.40 3.90
Low-Roof Cabs 6.00 5.60 5.15 4.75 4.40 4.10 3.80
Mid-Roof Cabs 7.00 6.65 6.25 5.85 5.50 5.20 4.90

* * * * *

(E) I
(1) Vehicle weight reduction inputs for wheels are specified relative to dual-wide tires with
conventional steel wheels. For purposes of this paragraph (e)(1), an aluminum alloy qualifies
as light-weight if a dual-wide drive wheel made from this material weighs at least 21 pounds
less than a comparable conventional steel wheel. The inputs are listed in Table 6 of this
section. For example, a tractor or vocational vehicle with aluminum steer wheels and eight
(4x2) dual-wide aluminum drive wheels would have an input of 210 pounds (2x21 + 8x21).

TABLE 6 TO § 1037.520—WHEEL-RELATED WEIGHT REDUCTIONS

. . Weight reduction— Weight reduction—
Weight |eelu_et|en Material Pphase 1 Pphase 2_and Phase 3
technologyTire type (_Jril;pounds per wheel) (_Lgpounds per wheel)

Steel Wheel 84 84
Wide-Base Single Drive Tire | Aluminum Wheel 139 147
with .. .2 Light-Weight Aluminum
Alloy Wheel 147 147
High-Strength Steel 8 8
Steer Tire or; Dual-wide Drive | Wheel
Tire—o-Duolanide Teatler Aluminum Wheel 21 25
Fire with . . . Light-Weight Aluminum 30 o5
Alloy Wheel

aThe weight reduction for wide-base tires accounts for reduced tire weight relative to dual-wide tires.

* * * * *

(3) Weight-reduction inputs for vocational-vehicle components other than wheels are
specified in the following table:

TABLE 8 TO § 1037.520—NONWHEEL-RELATED WEIGHT REDUCTIONS FROM ALTERNATIVE
MATERIALS FOR PHASE 2 AND PHASE 3 VOCATIONAL VEHICLES (POUNDS)*

Vehicle type
Component Material . :

Light Medium

HDV HDVb Heavy HDV
Axle Hubs - Non-Drive Aluminum 40 40
Axle Hubs - Non-Drive High Strength Steel 5 5
Axle - Non-Drive Aluminum 60 60
Axle - Non-Drive High Strength Steel 15 15
Brake Drums - Non-Drive Aluminum 60 60
Brake Drums - Non-Drive High Strength Steel 42 42
Axle Hubs — Drive Aluminum 40 80
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Axle Hubs — Drive High Strength Steel 10 20
Brake Drums - Drive Aluminum 70 140
Brake Drums - Drive High Strength Steel 37 74
Suspension Brackets, Aluminum 67 100
Hangers

Suspension Brackets, High Strength Steel 20 30
Hangers

Crossmember — Cab Aluminum 10 15 15
Crossmember — Cab High Strength Steel 2 5 5
Crossmember - Non- Aluminum 15 15 15
Suspension

Crossmember - Non- High Strength Steel 5 5 5
Suspension

Crossmember -Suspension | Aluminum 15 25 25
Crossmember -Suspension High Strength Steel 6 6 6
Driveshaft Aluminum 12 40 50
Driveshaft High Strength Steel 5 10 12
Frame Rails Aluminum 120 300 440
Frame Rails High Strength Steel 40 40 87

aWeight-reduction values apply per vehicle unless otherwise noted.
®For Medium HDV with 6x4 or 6x2 axle configurations, use the values for Heavy HDV.

* * * * *

(g) * * *
(4) GEM inputs associated with powertrain testing include powertrain family, transmission

calibration identifier, test data from 40 CFRS§ 1036+.5456, and the powertrain test
configuration (dynamometer connected to transmission output or wheel hub). You do not
need to identify or provide inputs for transmission gear ratios, fuel map data, or engine
torque curves, which would otherwise be required under paragraph (f) of this section.

* * * * *

(j)* * * * *

(1) Intelligent controls. Enter 2 for tractors with predictive cruise control. This includes any
cruise control system that incorporates satellite-based global-positioning data for controlling
operator demand. For tractors without predictive cruise control and for all vocational
vehicles, enter 1.5 if they have neutral coasting_or full cylinder deactivation when coasting,
unless good engineering judgment indicates that a lower percentage should apply.

* * * * *

67. Amend § 1037.525 by revising paragraphs (a) introductory text, (b)(1), (4), and (5), (c)(1)
introductory text, and (c)(2) introductory text to read as follows:

8§ 1037.525 Aerodynamic measurements for tractors.

* * * * *

(a) General provisions. The GEM input for a tractor’s aerodynamic performance is a Cq value

for Phase 1 and a Cq4A value for Phase 2 and Phase 3. The input value is measured or calculated
for a tractor in a specific test configuration with a trailer, such as a high-roof tractor with a box
van meeting the requirements for the standard trailer.

* * * * *
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(b) * * *

*

(1) Determine the functional relationship between your alternate method and coastdown
testing. Specify this functional relationship as Fait-aero fOr a given alternate drag measurement
method. The effective yaw angle, e, is assumed to be zero degrees for Phase 1. For Phase
2 and Phase 3, determine et from coastdown test results using the following equation:
F | — CdAcoastdown (lpeff)

Altaero CaAar(Werr)
Eq. 1037.525-1
Where:
CuaAcoastdown(efr) = the average drag area measured during coastdown at an effective yaw
angle, et
CuaAai(etf) = the average drag area calculated from an alternate drag measurement method at
an effective yaw angle, et
* * * *
(4) Measure the drag area using your alternate method for a Phase 2 and Phase 3 tractor used
to determine Fai-aero With testing at yaw angles of 0°, £1°, £3°, £4.5°, £6°, and £9° (you may
include additional angles), using direction conventions described in Figure 2 of SAE J1252
(incorporated by reference in 8 1037.810). Also, determine the drag area at the coastdown
effective yaw angle, CaAai(efr), by taking the average drag area at yefr and —pest for your
vehicle using the same alternate method.
(5) For Phase 2 and Phase 3 testing, determine separate values of Fait-aero for at least one high-
roof day cab and one high-roof sleeper cab for model year 2021, at least two high-roof day
cabs and two high-roof sleeper cabs for model year 2024, and at least three high-roof day
cabs and three high-roof sleeper cabs for model year 2027. These test requirements are
cumulative; for example, you may meet these requirements by testing two vehicles to support
model year 2021 certification and four additional vehicles to support model year 2023
certification. For any untested tractor models, apply the value of Fait-aero from the tested
tractor model that best represents the aerodynamic characteristics of the untested tractor
model, consistent with good engineering judgment. Testing under this paragraph (b)(5)
continues to be valid for later model years until you change the tractor model in a way that
causes the test results to no longer represent production vehicles. You must also determine
unique values of Fait-aero for low-roof and mid-roof tractors if you determine CqA values based
on low or mid-roof tractor testing as shown in Table 4 of § 1037.520. For Phase 1 testing, if
good engineering judgment allows it, you may calculate a single, constant value of Fait-aero for
your whole product line by dividing the coastdown drag area, CdAcoastdown, by drag area from
your alternate method, CgAart.

* * * *

(C) * * *

*

*

(1) Apply the following method for all Phase 2 and Phase 3 testing with an alternate method:
* * * *

(2) Apply the following method for Phase 2 and Phase 3 coastdown testing other than
coastdown testing used to establish Fait-aero:

* * * *
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§ 1037.526—[Removed]
68. Remove § 1037.526.




69. Revise § 1037.527 to read as follows:

8 1037 527 Aerodynamlc measurements for vocatlonal vehlcles

Qb)—EReseFveelJrThls sectlon descrlbes a methodoloqy for determlnlnq vocatlonal vehicle

aerodynamic input values for as described in 8 1037.520. This measurement is optional. A
vocational vehicle’s aerodynamic performance is based on a AC¢A value relative to a baseline
vehicle. Determine a 4C4A value by performing A to B testing as follows:

(a) Determine a baseline C4A value for a vehicle representing a production configuration without
the aerodynamic improvement. Repeat this testing and measure Cg¢A for a vehicle with the
improved aerodynamic design.

(b) Use good engineering judgment to perform paired tests that accurately demonstrate the
reduction in aerodynamic drag associated with the improved design.

(c) Measure Cg¢A in m? to two decimal places. Calculate AC4A by subtracting the drag area for
the test vehicle from the drag area for the baseline vehicle.

70. Amend § 1037.528 by:

a. Revising the introductory text and paragraphs (b) introductory text and (h)(5)(iv).
b. Removing paragraph (h)(7).

c. Redesignating paragraphs (h)(8) through (12) as paragraphs (h)(7) through (11).
d. Revising redesignated paragraph (h)(10).

The revisions read as follows:

8§ 1037.528 Coastdown procedures for calculating drag area (C4A).

The coastdown procedures in this section describe how to calculate drag area, CdA, for Phase 2
and Phase 3 tractors;-tratHers; and vocational vehicles, subject to the provisions of §§ 1037.525
threugh-and 1037.527. These procedures are considered the reference method for tractors;-but-an
alternate-method-for-tratlers. Follow the provisions of Sections 1 through 9 of SAE J2263
(incorporated by reference in § 1037.810), with the clarifications and exceptions described in this
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section. Several of these exceptions are from SAE J1263 (incorporated by reference in

§ 1037.810). The coastdown procedures in 40 CFR 1066.310 apply instead of the provisions of
this section for Phase 1 tractors.

* * * * *

(b) To determine CudA values for a tractor, perform coastdown testing with a tractor-trailer
combmatlon usmg the manufacturer S tractor and a standard tra|Ier Iedetermme—GaA—valees—ter

Prepare the vehlcles traeters—anel—tra#e#efor testlng as foIIows.
* * * * *
(h) * Kk x
(5) E

(iv) Calculate 4Fspin using the following equation:

AFspin = Fspinhi - Fspinlo

Eq. 1037.528-10

Example:

AFspin = 129.7 -52.7

=FFO-NAFspin=77.0 N

(104) Calculate drag area, CqA, in m? for each high-speed segment using the following
equation, expressed to at least three decimal places:
2- (Fhi - Flo,pair - AFspin - AFTRR) . R-T

CdA (ﬁa%ir,hi - ﬁz?ir,lo,pair) Dact

Eq. 1037.528-16

Where:

Fni = road load force at high speed determined from Eq. 1037.528-7.

Fio.pair = the average of Fio values for a pair of opposite direction runs calculated as described
in paragraph (h)(9) of this section.

AFspin = the difference in drive-axle spin loss force between high-speed and low-speed
coastdown segments. This is described in paragraph (h)(5) of this section for tractor testing.
Lo te e bealer tas e

AFTrr = the difference in tire rolling resistance force between high-speed and low-speed
coastdown segments as described in paragraphs (h)(6) e—A-of this section.
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ﬁfir‘lolpair = the average of v, values for a pair of opposite direction runs calculated as

described in paragraph (h)(9) of this section.
R = specific gas constant = 287.058 J/(kg-K).
T = mean air temperature expressed to at least one decimal Place.
Pact = Mean absolute air pressure expressed to at least one decimal place.
Example:
Fni= 46455 N
Flo,pair =1005.0 N
AFspin =770N
AFTRR =187.4N
V2= 933.4 m?/s?

Dl lopair = 43.12 m?/s?

R = 287.058 J/(kg-K)

T =285.97 K

Pact = 101.727 kPa = 101727 Pa

Cod = 2-(4640.5—-1005.0—-77.0—187.4) 287.058-285.97
A =

(933.4 — 43.12) 101727
CeA = 6.120 m?
*

* * * *

71. Amend § 1037.530 by revising the introductory text and paragraphs (a) introductory text, (c),
and (d) introductory text to read as follows:

8§ 1037.530 Wind-tunnel procedures for calculating drag area (C4A).

The wind-tunnel procedure specified in this section is eonsidered-to-be-the-primary-procedurefor
traHers-but-is-an alternate procedure for tractors.

(a) You may measure drag areas consistent with published SAE procedures as described in this
section using any wind tunnel recognized by the Subsonic Aerodynamic Testing Association,
subject to the provisions of 88 1037.525 threugh-and 1037.527. If your wind tunnel does not
meet the specifications described in this section, you may ask us to approve it as an alternate
method under § 1037.525(d)-e+-5-10637526(d}. All wind tunnels and wind tunnel tests must meet
the specifications described in SAE J1252 (incorporated by reference in § 1037.810), with the
following exceptions and additional provisions:

* * * * *

(c) To determine C4A values for certifying tractors, perform wind-tunnel testing with a tractor-
trarler comblnatlon usrng the manufacturer s tractor and a standard trailer. ladetermmaGaA

a—standard—traeter—Use a movrng/rollrng floor if the facrllty has one. For Phase 1 tractors
conduct the wind tunnel tests at a zero yaw angle. For Phase 2 and Phase 3 vehicles, conduct the
wind tunnel tests by measuring the drag area at yaw angles of +4.5° and —4.5° and calculating the
average of those two values.

(d) In your request to use wind-tunnel testing for tractors, erin-your-application-for-certification
for-tratlers;-describe how you meet all the specifications that apply under this section, using
terminology consistent with SAE J1594 (incorporated by reference in § 1037.810). If you
request our approval to use wind-tunnel testing even though you do not meet all the
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specifications of this section, describe how your method nevertheless qualifies as an alternate
method under 8 1037.525(d)-er103%526(d} and include all the following information:
*

* * * *

72. Amend § 1037.532 by revising the introductory text and paragraphs (a) introductory text, (b),
and (c) introductory text to read as follows:

8§ 1037.532 Using computational fluid dynamics to calculate drag area (C4A).

This section describes how to use commercially available computational fluid dynamics (CFD)
software to determine CdA values, subject to the provisions of 88 1037.525 threugh-and
1037.527. This is considered to be an alternate method for beth-tractors-ane-traiers.

(a) For Phase 2 and Phase 3 vehicles, use SAE J2966 (incorporated by reference in § 1037.810),
with the following clarifications and exceptions:

* * * * *

(b) For Phase 1 tractors, apply the procedures as specified in paragraphs (c) through (f) of this
section. Paragraphs (c) through (f) of section apply for Phase 2 and Phase 3 vehicles only as
specified in paragraph (a) of this section.

(c) To determine CdA values for certifying a tractor, perform CFD modeling based on a tractor-
traller comblnatlon usmg the manufacturer s tractor and a standard trailer. laelete#mmaGaA

uyﬂg—a—standaFd—tFaetel‘—Perform aII CFD modelmg as foIIows

73. Amend § 1037.540 by:

a. Revising the introductory text and paragraphs (c)(2) and (5), (d)(4), and (f) introductory text.
b. In paragraph (f)(3), by removing the text “the approved utility factor curve” and adding, in its
place, the text “the utility factor curve in appendix E of this part”.

The revisions read as follows:

8 1037.540 Special procedures for testing vehicles with hybrid power take-off.

This section describes optional procedures for quantifying the reduction in greenhouse gas
emissions for vehicles as a result of running power take-off (PTO) devices with a hybrid energy
delivery system. See 40 CFRS 1036+.5456 for powertrain testing requirements that apply for
drivetrain hybrid systems. The procedures are written to test the PTO by ensuring that the
engine produces all of the energy with no net change in stored energy (charge-sustaining), and
for plug-in hybrid electric vehicles, also allowing for drawing down the stored energy (charge-
depleting). The full charge-sustaining test for the hybrid vehicle is from a fully charged
rechargeable energy storage system (RESS) to a depleted RESS and then back to a fully charged
RESS. You must include all hardware for the PTO system. You may ask us to modify the
provisions of this section to allow testing hybrid vehicles that use a technology other than
batteries for storing energyether-than-battery-electric-hybrids, consistent with good engineering
judgment. For plug-in hybrid_electric vehicless, use a utility factor to properly weight charge-
sustaining and charge-depleting operation as described in paragraph (f)(3) of this section.

* * * *

(C) * * *
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(2) Prepare the vehicle for testing by operating it as needed to stabilize the RESS at a full
state of charge (or equivalent for vehicles that use a technology other than batteries for
storing energynen-electric-RESS).

*

* * *

(5) Operate the vehicle over one or both of the denormalized PTO duty cycles without
turning the vehicle off, until the engine starts and then shuts down. This may require running
multiple repeats of the PTO duty cycles. For ren-PHEM-systems that are not plug-in hybrid
systems, the test cycle is completed once the engine shuts down. For plug-in hybrid systems,
continue running until the PTO hybrid is running in a charge-sustaining mode such that the
“End of Test” requirements defined in 40 CFR 1066.501 are met. Measure emissions as
described in paragraph (b)(7) of this section. Use good engineering judgment to minimize
the variability in testing between the two types of vehicles.

* * * * *

(d) * * *
(4) Divide the total PTO operating time from paragraph (d)(3) of this section by a conversion
factor of 0.0144 hr/mi for Phase 1 and 0.0217 hr/mi for Phase 2 and Phase 3 to determine the
equivalent distance driven. The conversion factors are based on estimates of average vehicle
speed and PTO operating time as a percentage of total engine operating time; the Phase 2 and
Phase 3 conversion factor is calculated from an average speed of 27.1 mi/hr and PTO
operation 37 % of engine operating time, as follows:

Factor = 37% = 0.0217hr/mi
actor = 100% — 37%) - 27.1mi/hr - r/mi

* * * * *

(F) For Phase 2 and Phase 3, calculate the delta PTO fuel results for input into GEM during
vehicle certification as follows:

* * * * *

§1037.550—[Removed]

74. Remove § 1037.550.
75. Amend § 1037.551 by revising the introductory text and paragraphs (b) and (c) to read as
follows:

§ 1037.551 Engine-based simulation of powertrain testing.

40 CFRSeetion 1036+.5456 describes how to measure fuel consumption over specific duty
cycles with an engine coupled to a transmission; 40 CFR& 1036+%.5450(a)(5) describes how to
create equivalent duty cycles for repeating those same measurements with just the engine. This
8 1037.551 describes how to perform this engine testing to simulate the powertrain test. These
engine-based measurements may be used for selective enforcement audits as described in

8 1037.301, as long as the test engine’s operation represents the engine operation observed in the
powertrain test. If we use this approach for confirmatory testing, when making compliance
determinations, we will consider the uncertainty associated with this approach relative to full
powertrain testing. Use of this approach for engine SEAs is optional for engine manufacturers.

* * * * *

(b) Operate the engine over the applicable engine duty cycles corresponding to the vehicle cycles
specified in § 1037.510(a)(2) for powertrain testing over the applicable vehicle simulations
described in 40 CFRS& 1036+.5456(j). Warm up the engine to prepare for the transient test or one
of the highway cruise cycles by operating it one time over one of the simulations of the
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corresponding duty cycle. Warm up the engine to prepare for the idle test by operating it over a
simulation of the 65-mi/hr highway cruise cycle for 600 seconds. Within 60 seconds after
concluding the warm up cycle, start emission sampling while the engine operates over the duty
cycle. You may perform any number of test runs directly in succession once the engine is
warmed up. Perform cycle validation as described in 40 CFR 1065.514 for engine speed, torque,
and power.

(c) Calculate the mass of fuel consumed as described in 40 CFRS 1036+%.5456(n) and (o).
Correct each measured value for the test fuel’s mass-specific net energy content as described in
40 CFR 1036.550. Use these corrected values to determine whether the engine’s emission levels
conform to the declared fuel-consumption rates from the powertrain test.

76. Amend § 1037.555 by revising the introductory text to read as follows:

8 1037.555 Special procedures for testing Phase 1 hybrid systems.

This section describes a powertrain testing procedure for simulating a chassis test with a pre-
transmission or post-transmission hybrid system to perform A to B testing of Phase 1 vehicles.
These procedures may also be used to perform A to B testing with non-hybrid systems. See 40
CFERS 10371036.5456 for Phase 2_and Phase 3 hybrid systems.

* * * * *

77. Amend § 1037.560 by revising paragraph (e)(2) to read as follows:

§ 1037.560 Axle efficiency test.

* * * * *

(E) I
(2) Maintain gear oil temperature at (81 to 83) °C. You may alternatively specify a lower
range by shifting both temperatures down by the same amount for all test points or on a test
point by test point basis. We will test your axle assembly using the same temperature range
you specify for your testing. You may use an external gear oil conditioning system, as long
as it does not affect measured values.

* * * * *

Subpart G—Special Compliance Provisions
78. Amend § 1037.601 by revising paragraph (b) to read as follows:

§ 1037.601 General compliance provisions.

* * * * *

(b) Vehicles exempted from the applicable standards of 40 CFR part 86 or part 1036 other than
glider vehicles are exempt from the standards of this part without request. Similarly, vehicles
other than glider vehicles are exempt without request if the installed engine is exempted from the
applicable standards in 40 CFR part 86 or part 1036.

*

* * * *

79. Amend § 1037.610 by revising paragraph (f)(2) to read as follows:

8§ 1037.610 Vehicles with off-cycle technologies.

* * * * *

(f) * * *
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(2) For model years 2021 and later, you may not rely on an approval for model years before
2021. You must separately request our approval before applying an improvement factor or
credit under this section for Phase 2 and Phase 3 vehicles, even if we approved an
improvement factor or credit for similar vehicle models before model year 2021. Note that
Phase 2 and Phase 3 approval may carry over for multiple years.

* * * * *

80. Amend § 1037.615 by revising paragraphs (a) and (d) through (g) to read as follows:

§ 1037.615 Advanced technologies.

(a) This section describes how to calculate emission credits for advanced technologies. You may
calculate apphesinr-Phase 1 advanced technology credits through model year 2020 for hybrid
vehicles with regenerative braking, vehicles equipped with Rankine-cycle engines, battery
electric vehicles, and fuel cell vehicles. You may calculate;are-ir Phase 2 advanced technology
credits through model year 20267 for plug-in hybrid electric vehicles, battery electric vehicles,
and fuel cell vehicles. You may calculate Phase 3 advanced technology credits for model year
2027 for fuel cell vehicles. You may not generate credits for Phase 1 engine technologies for
which the engines generate credits under 40 CFR part 1036.

* * * * *

(d) For Phase 2 and Phase 3 plug-in hybrid electric vehicles and for fuel cells powered by any
fuel other than hydrogen, calculate CO2 credits using an FEL based on emission measurements
from powertrain testing. Phase 2 and Phase 3 advanced- technology credits do not apply for
hybrid vehicles that have no plug in capablllty

(e) Ay ' i
baseereernqeaSt*Fed—emBﬂensire#&heiueLeelhfehtele| Reserved|

(F) For battery electric vehicles and for fuel-cels-pewered-by-hydrogenfuel cell electric vehicles,
calculate COz2 credits using an FEL of 0 g/ton-mile. Note that these vehicles are subject to
compression-ignition standards for COs.

(9) As specified in subpart H of this part, advanced-technology credits generated from Phase 1
vehicles under this section may be used under this part 1037 outside of the averaging set in
which they were generated, or they may be used under 40 CFR part 86, subpart S,86-1819 or 40
CFR part 1036. Advanced-technology credits generated from Phase 2 and Phase 3 vehicles are
subject to all the averaging-set restrictions that apply to other emission credits.

* * * * *

§ 1037.620—[Amended]

81. Amend § 1037.620 by removing paragraph (c) and redesignating paragraphs (d) through (f)
as paragraphs (c) through (e).
82. Amend § 1037.622 by revising the introductory text and paragraph (d)(5) to read as follows:

8§ 1037.622 Shipment of partially complete vehicles to secondary vehicle manufacturers.
This section specifies how manufacturers may introduce partially complete vehicles into U.S.
commerce (or in the case of certain custom vehicles, introduce complete vehicles into U.S.

commerce for modlflcatlon by a smaII manufacturer) :Fhe—E}FGV-MGHS—Gf—t-h-IS—SQGHGH—a-Fe

prowsmns of this section are mtended to accommodate normal busmess practices W|thout
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compromising the effectiveness of certified emission controls. You may not use the provisions
of this section to circumvent the intent of this part. For vehicles subject to both exhaust
greenhouse gasGHG and evaporative standards, the provisions of this part apply separately for
each certificate.
* * * * *
(d) * * *
(5) The provisions of this paragraph (d) may apply separately for vehicle greenhouse
gasGHG, evaporative, and refueling emission standards.

* * * * *

83. Amend§ 1037.630 by revising paragraphs (a)(1)(iii) and (c) to read as follows:

§ 1037.630 Special purpose tractors.
(a) E
(1) E
(iii) Model year 2020 and earlier tractors with a gross combination weight rating
(GCWR) at or above 120,000 pounds. Note that Phase 2 and Phase 3 tractors meeting the
definition of “heavy-haul” in 8 1037.801 must be certified to the heavy-haul standards in
88 1037.106 or 1037.670.
* * * * *
(c) Production limit. No manufacturer may produce more than 21,000 Phase 1 vehicles under
this section in any consecutive three model year period. This means you may not exceed 6,000
in a given model year if the combined total for the previous two years was 15,000. The
production limit applies with respect to all Class 7 and Class 8 Phase 1 tractors certified or
exempted as vocational tractors. No production limit applies for tractors subject to Phase 2 and
Phase 3 standards.

* * * * *

84. 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 alternate Phase 2 and Phase 3 standards that apply for
vehicles meeting only one of these sets of criteria.

* * * * *

85. Amend § 1037.635 by revising paragraph (b)(1) to read as follows:

8§ 1037.635 Glider kits and glider vehicles.

* * * * *

(b) * * *
(1) The engine must meet the greenhouse gasGHG standards of 40 CFR part 1036 that apply
for the engine model year corresponding to the vehicle’s date of manufacture. For example,
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for a vehicle with a 2024 date of manufacture, the engine must meet the greenhouse gasGHG
standards that apply for model year 2024.

* * * * *

86. Amend § 1037.640 by revising the introductory text to read as follows:

§ 1037.640 Variable vehicle speed limiters.

This section specifies provisions that apply for vehicle speed limiters (VSLSs) that you model
under § 1037.520. This does not apply for VSLs that you do not model under § 1037.520. (e)
This section is written to apply for tractors; however, you may use good engineering judgment to
apply equivalent adjustments for Phase 2 and Phase 3 vocational vehicles with vehicle speed

limiters.
* * * * *

87. Amend § 1037.660 by revising paragraphs (a)(1)(iv), (2), and (3) to read as follows:

8§ 1037.660 Idle-reduction technologies.

* * * * *

(a) E

(1) E

(iv) For Phase 2 and Phase 3 tractors, you may identify AES systems as “adjustable” if,
before delivering to the ultimate purchaser, you enable authorized dealers to modify the
vehicle in a way that disables the AES system or makes the threshold inactivity period
longer than 300 seconds. However, the vehicle may not be delivered to the ultimate
purchaser with the AES system disabled or the threshold inactivity period set longer than
300 seconds. You may allow dealers or repair facilities to make such modifications; this
might involve password protection for electronic controls, or special tools that only you
provide. Any dealers making any modifications before delivery to the ultimate purchaser
must notify you, and you must account for such modifications in your production and
ABT reports after the end of the model year. Dealers failing to provide prompt
notification are in violation of the tampering prohibition of 40 CFR 1068.101(b)(1).
Dealer notifications are deemed to be submissions to EPA. Note that these adjustments
may not be made if the AES system was not “adjustable” when first delivered to the
ultimate purchaser.

(2) Neutral idle. Phase 2 and Phase 3 vehicles with hydrokinetic torque converters paired
with automatic transmissions qualify for neutral-idle credit in GEM modeling if the
transmission reduces torque equivalent to shifting into neutral throughout the interval during
which the vehicle’s brake pedal is depressed and the vehicle is at a zero-speed condition
(beginning within five seconds of the vehicle reaching zero speed with the brake depressed).
If a vehicle reduces torque partially but not enough to be equivalent to shifting to neutral, you
may use the provisions of § 1037.610(g) to apply for an appropriate partial emission
reduction; this may involve A to B testing with the powertrain test procedure in 40

CFRS 10371036.5456 or the spin-loss portion of the transmission efficiency test in

§ 1037.565.

76



(3) Stop-start. Phase 2 and Phase 3 vocational vehicles qualify for stop-start reduction in
GEM modeling if the engine shuts down no more than 5 seconds after the vehicle’s brake
pedal is depressed when the vehicle is at a zero-speed condition.

* * * * *

88. Amend § 1037.665 by revising paragraphs (a)(1) and (d) to read as follows:

§ 1037.665 Production and in-use tractor testing.

* * * * *

(a) I
(1) Each calendar year, select for testing three sleeper cabs and two day cabs certified to
Phase 1 or Phase 2 or Phase 3 standards. If we do not identify certain vehicle configurations
for your testing, select models that you project to be among your 12 highest-selling vehicle
configurations for the given year.

* * * * *

(d) Greenhouse gasGHG standards do not apply with respect to testing under this section. Note

however that NTE standards apply for any qualifying operation that occurs during the testing in

the same way that it would during any other in-use testing.

89. Amend § 1037.670 by revising paragraph (a) to read as follows:

8§ 1037.670 Optional CO, emission standards for tractors at or above 120,000 pounds
GCWR.

(@) You may certify tractors at or above 120,000 pounds GCWR to the following CO2 standards
instead of the Phase 2 CO2 standards of § 1037.106:

TABLE 1 OF PARAGRAPH (a) OF § 1037.670—OPTIONAL PHASE2-CO2 STANDARDS FOR MODEL
YEAR 2026 AND EARLIER TRACTORS ABOVE 120,000 POuNDS GCWR (g/TON-MILE)*

Subcateqor Model Years 2021 - Model Years 2024 -
gory 2023 2026

Heavy Class 8 Low-Roof Day Cab 53.5 50.8

gssvy Class 8 Low-Roof Sleeper 471 445

Heavy Class 8 Mid-Roof Day Cab 55.6 52.8

gsgvy Class 8 Mid-Roof Sleeper 496 46.9

Heavy Class 8 High-Roof Day Cab 54.5 51.4

gzgvy Class 8 High-Roof Sleeper 471 442

* * * * *

Subpart H—Averaging, Banking, and Trading for Certification
90. Amend § 1037.701 by revising paragraphs (a) and (h) to read as follows:

§ 1037.701 General provisions.
(a) You may average, bank, and trade emission credits for purposes of certification as described
in this subpart and in subpart B of this part to show compliance with the standards of
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88 1037.105 through-1037.107and 1037.106. Note that 88 1037.105(h) and-1037.107
speetfyspecifies standards involving limited or no use of emission credits under this subpart.
Participation in this program is voluntary.

(h) See § 1037.740 for special credit provisions that apply for credits generated under 40 CFR
86.1819-14-(k)(7), 40 CFR 1036.615, or § 1037.615.

* *

* * *

91. Revise § 1037.705 to read as follows:

8 1037.705 Generating and calculating CO> emission credits.
(a) The provisions of this section apply separately for calculating CO2 emission credits for each
pollutant.
(b) For each participating family or subfamily, calculate positive or negative emission credits
relative to the otherwise applicable emission standard. Calculate positive emission credits for a
family or subfamily that has an FEL below the standard. Calculate negative emission credits for
a family or subfamily that has an FEL above the standard. Sum your positive and negative
credits for the model year before rounding. Round the sum of emission credits to the nearest
megagram (Mg), using consistent units with the following equation:

Emission credits (Mg) = (Std — FEL) - PL - Volume - UL - 10°®

Where:

Std = the emission standard associated with the specific regulatory subcategory (g/ton-mile).

For credits generated on all model year 2027 and later vocational vehicles with tailpipe CO2

emissions deemed to be zero under 40 CFR 1037.150(f), use the emission standard in

8§ 1037.105 that applies for the compression-ignition multi-purpose subcategory for the

corresponding vehicle weight class.

FEL = the family emission limit for the vehicle subfamily (g/ton-mile).

PL = standard payload, in tons.

Volume = U.S.-directed production volume of the vehicle subfamily, subject to the

exclusions described in paragraph (c) of this section. For example, if you produce three

configurations with the same FEL, the subfamily production volume would be the sum of the

production volumes for these three configurations.

UL = useful life of the vehicle, in miles, as described in 8§ 1037.105 and 1037.106.—Use
(c) Compliance with the requirements of this subpart is determined at the end of the model year
by calculating emission credits based on actual production volumes, excluding any of the
following engines:As-deseribedr-5-1037+30-comphance-with-the-requirementsof- thi

(1) Vehicles that you do not certify to the CO2 standards of this part because they are
permanently exempted under subpart G of this part or under 40 CFR part 1068.

(2) Exported vehicles even if they are certified under this part and labeled accordingly.

(3) Vehicles not subject to the requirements of this part, such as those excluded under

§ 1037.5.

(4) Any other vehicles, where we indicate elsewhere in this part 1037 that they are not to be
included in the calculations of this subpart.
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92. Amend § 1037.710 by revising paragraph (c) to read as follows:

§ 1037.710 Averaging.
* * * * *

(c) If you certify a vehicle family to an FEL that exceeds the otherwise applicable standard, you
must obtain enough emission credits to offset the vehicle family’s deficit by the due date for the
final report required in § 1037.730. The emission credits used to address the deficit may come
from your other vehicle families that generate emission credits in the same model year (or from
later model years as specified in 8 1037.745), from emission credits you have banked from
previous model years, or from emission credits generated in the same or previous model years

that you obtained through trading.—Nete-that-the-option-for-using-banked-or-traded-credits-does
not apply for trailers.

93. Amend § 1037.715 by revising paragraph (a) to read as follows:

§ 1037.715 Banking.
(a) Banking is the retention of surplus emission credits by the manufacturer generating the
emission credits for use in future model years for averaging or trading.—Nete-that § 1037107

* * * * *

94. Amend § 1037.720 by revising paragraph (a) to read as follows:

§ 1037.720 Trading.

(a) Trading is the exchange of emission credits between manufacturers, or the transfer of credits
to another party to retire them. You may use traded emission credits for averaging, banking, or
further trading transactions. Traded emission credits remain subject to the averaging-set
restrictions based on the averaging set in which they were generated.—Nete-that §-1037.107-does

* * * * *

95. Amend § 1037.730 by revising paragraphs (b)(4) and (f) to read as follows:

§ 1037.730 ABT reports.
* * * * *
(b) * ok  *
(4) The projected and actual U-S—-directed-production volumes for the model year for
calculating emission credits. If you changed an FEL during the model year, identify the
actual U-S--direeted-production volume associated with each FEL.
* * * * *
(f) N
(1) If you erw
deadline for submitting the frnal report that errors mrstakenly decreased your balance of
emission credits, you may correct the errors and recalculate the balance of emission credits.
If you notify us that errors mistakenly decreased your balance of emission credits after the
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deadline for submitting the final report, you may correct the errors and recalculate the
balance of emission credits after applying a 10 percent discount to the credit correction, but
only if vou notify us Wlthln 24 months after the deadline for submitting the final report. ¥eu

%h&endreﬁh&meelel—year—lf you report a negatlve balance of emission credlts we may

disallow corrections under this paragraph (f)(1).

* * * * *

96. Amend § 1037.740 by:

a. Removing paragraphs (a)(4) and (5).

b. Redesignating paragraph (a)(6) as paragraph (a)(4).

c. Revising paragraphs (b)(1) introductory text and (b)(2).
The revisions read as follows:

8§ 1037.740 Restrictions for using emission credits.
* * * * *
(a) * * *

(4) Long-trailers:

{6)-Note that other separate averaging sets also apply for emission credits not related to this
part. For example, vehicles certified to the greenhouse gas standards of 40 CFR part 86,
subpart S,86-1819 comprise a single averaging set. Separate averaging sets also apply for
engines under 40 CFR part 1036, including engines used in vehicles subject to this subpart.
(b) *  *x  *
(1) Credits generated from Phase 1 vehicles may be used for any of the averaging sets
identified in paragraph (a) of this section; you may also use those credits to demonstrate
compliance with the CO2 emission standards in 40 CFR part 86, subpart S,86-1819 and 40
CFR part 1036. Similarly, you may use Phase 1 advanced-technology credits generated
under 40 CFR 86.1819-14(k)(7) or 40 CFR 1036.615 to demonstrate compliance with the
COz2 standards in this part. The maximum amount of advanced-technology credits generated
from Phase 1 vehicles that you may bring into each of the following service class groups is
60,000 Mg per model year:
* * * *

*

(2) Credits generated from Phase 2 and Phase 3 vehicles are subject to all the averaging-set
restrictions that apply to other emission credits.

* * * * *

97. Amend § 1037.745 by revising paragraph (a) to read as follows:

§ 1037.745 End-of-year CO; credit deficits.

* * * * *

(a) Your certificate for a vehicle family for which you do not have sufficient CO2 credits will not
be void if you remedy the deficit with surplus credits within three model years (this applies
equally for tractors;traHers; and vocational vehicles). For example, if you have a credit deficit of
500 Mg for a vehicle family at the end of model year 2015, you must generate (or otherwise
obtain) a surplus of at least 500 Mg in that same averaging set by the end of model year 2018.

80



* * * * *

Subpart I—Definitions and Other Reference Information

98. Amend § 1037.801 by:

a. Adding a definition of “Battery electric vehicle” in alphabetical order.

b. Removing the definition of “Box van”.

c. Revising the definition of “Class”.

d. Removing the definitions of “Container chassis”, “Electric vehicle”, and “Flatbed trailer”.
e. Adding a definition of “Fuel cell electric vehicle” in alphabetical order.

f. Revising the definitions of “Heavy-duty vehicle” and “Heavy-haul tractor”.

g. Adding a definition of “Hybrid” in alphabetical order.

h. Removing the definitions of “Hybrid engine or hybrid powertrain” and “Hybrid vehicle”.

I. Revising the definitions of “Low rolling resistance tire”, “Manufacturer”, and “Model year”.
j. Adding a definition of “Neat” in alphabetical order.

k. Revising the definitions of “Phase 1" and “Phase 2”.

I. Adding definitions of “Phase 3” and “Plug-in hybrid electric vehicle” in alphabetical order.
m. Revising the definitions of “Preliminary approval”, “Small manufacturer”, and “Standard
payload”.

n. Removing the definitions of “Standard tractor” and “Tank trailer”.

0. Revising the definitions of “Tire rolling resistance level (TRRL)”, “Trailer”, “U.S.-directed
production volume”, and “Vehicle”.

The additions and revision read as follows:

§ 1037.801 Definitions.

* * * * *

Battery electric vehicle means a motor vehicle powered solely by an electric motor where enerqy
for the motor is supplied by one or more batteries that receive power from an external source of
electricity. Note that this definition does not include hybrid vehicles or plug-in hybrid electric
vehicles.

* * * * *

Class means relating to GVWR classes for vehicles-etherthan-tratters, as follows:

(1) Class 2b means relating to heavy-duty motor vehicles at or below 10,000 pounds GVWR.
(2) Class 3 means relating to heavy-duty motor vehicles above 10,000 pounds GVWR but at
or below 14,000 pounds GVWR.

(3) Class 4 means relating to heavy-duty motor vehicles above 14,000 pounds GVWR but at
or below 16,000 pounds GVWR.

(4) Class 5 means relating to heavy-duty motor vehicles above 16,000 pounds GVWR but at
or below 19,500 pounds GVWR.

(5) Class 6 means relating to heavy-duty motor vehicles above 19,500 pounds GVWR but at
or below 26,000 pounds GVWR.

(6) Class 7 means relating to heavy-duty motor vehicles above 26,000 pounds GVWR but at
or below 33,000 pounds GVWR.

(7) Class 8 means relating to heavy-duty motor vehicles above 33,000 pounds GVWR.
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Fuel cell electric vehicle means a motor vehicle powered solely by an electric motor where
enerqgy for the motor is supplied by hydrogen fuel cells. Fuel cell electric vehicles may include
energy storage from the fuel cells or from regenerative braking in a battery.

* * * * *

Heavy-duty vehicle means any traHerand-any-ethermotor vehicle that has a GVWR above 8,500
pounds. An incomplete vehicle is also a heavy-duty vehicle if it has a curb weight above 6,000
pounds or a basic vehicle frontal area greater than 45 square feet.

Heavy-haul tractor means a tractor with GCWR greater than or equal to 120,000 pounds. A
heavy-haul tractor is not a vocational tractor in Phase 2 and Phase 3.

* * * * *

Hybrid has the meaning given in 40 CFR 1036.801. Note that a hybrid vehicle is a vehicle with a
hybrid powertrain (including a hybrid engine). This includes plug-in hybrid electric vehicles.
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Low rolling resistance tire means a tire on a vocational vehicle with a TRRL at or below of 7.7
N/KN, a steer tire on a tractor W|th a TRRL at or below 7. 7 N/KN, a drive tire on a tractor W|th a
TRRL at or below 8. 1 N/KN RE

* * * * *

Manufacturer has the meaning given in section 216(1) of the Act. In general, this term includes
any person who manufactures or assembles a vehicle (including a-tratler-oranetheran
incomplete vehicle) for sale in the United States or otherwise introduces a new motor vehicle
into commerce in the United States. This includes importers who import vehicles for resale,
entities that manufacture glider kits, and entities that assemble glider vehicles.

* * * * *

Model year means one of the following for compliance with this part. Note that manufacturers
may have other model year designations for the same vehicle for compliance with other
requirements or for other purposes:
(1) For tractors and vocational vehicles with a date of manufacture on or after January 1,
2021, model year means the manufacturer’s annual new model production period based on
the vehicle’s date of manufacture, where the model year is the calendar year corresponding to
the date of manufacture, except as follows:
(i) The vehicle’s model year may be designated as the year before the calendar year
corresponding to the date of manufacture if the engine’s model year is also from an
earlier year. You may ask us to extend your prior model year certificate to include such
vehicles. Note that 8§ 1037.601(a)(2) limits the extent to which vehicle manufacturers may
install engines built in earlier calendar years.
(i1) The vehicle’s model year may be designated as the year after the calendar year
corresponding to the vehicle’s date of manufacture. For example, a manufacturer may
produce a new vehicle by installing the engine in December 2023 and designating it as a
model year 2024 vehicle.
(2) For tratlers-and-for-Phase 1 tractors and vocational vehicles with a date of manufacture
before January 1, 2021, model year means the manufacturer’s annual new model production
period, except as restricted under this definition and 40 CFR part 85, subpart X. It must
include January 1 of the calendar year for which the model year is named, may not begin
before January 2 of the previous calendar year, and it must end by December 31 of the named
calendar year. The model year may be set to match the calendar year corresponding to the
date of manufacture.
(i) The manufacturer who holds the certificate of conformity for the vehicle must assign
the model year based on the date when its manufacturing operations are completed
relative to its annual model year period. In unusual circumstances where completion of
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your assembly is delayed, we may allow you to assign a model year one year earlier,
provided it does not affect which regulatory requirements will apply.

(ii) Unless a vehicle is being shipped to a secondary vehicle manufacturer that will hold
the certificate of conformity, the model year must be assigned prior to introduction of the
vehicle into U.S. commerce. The certifying manufacturer must redesignate the model
year if it does not complete its manufacturing operations within the originally identified
model year. A vehicle introduced into U.S. commerce without a model year is deemed to
have a model year equal to the calendar year of its introduction into U.S. commerce
unless the certifying manufacturer assigns a later date.

* * * * *

Neat has the meaning given in 40 CFR 1065.1001.

* * * * *

Phase 1 means relating to the Phase 1 standards specified in §8 1037.105 and 1037.106. For
example, a vehicle subject to the Phase 1 standards is a Phase 1 vehicle.—Nete-that-there-areho
B

Phase 2 means relating to the Phase 2 standards specified in 88 1037.105 threugh-1037107and
1037.106.

Phase 3 means relating to the Phase 3 standards specified in 88 1037.105 and 1037.106.

* * * * *

Plug-in hybrid electric vehicle means a hybrid vehicle that has the capability to charge one or
more batteries from an external source of electricity while the vehicle is parked.

* * * * *

Preliminary approval means approval granted by an authorized EPA representative prior to
submission of an application for certification, consistent with the provisions of § 1037.210-e¢

Small manufacturer means a manufacturer meeting the small business criteria specified in 13

CFR 121.201 for heavy duty truck manufacturmq veeauenal—vehrelesrandieraetepe(NAICS code
336120) ,
%mmm%mmd%%mm The employee &nerrevenue

limits applyies to the total number employees anéd-total-revenue-togetherfor all affiliated
companies_(as defined in 40 CFR 1068.30).

* * * * *

Standard payload means the payload assumed for each vehicle, in tons, for modeling and
calculating emission credits, as follows:
(1) For vocational vehicles:
(i) 2.85 tons for Light HDV.
(ii) 5.6 tons for Medium HDV.
(iii) 7.5 tons for Heavy HDV.
(2) For tractors:
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(i) 12.5 tons for Class 7.
(i1) 19 tons for Class 8, other than heavy-haul tractors.
(iii) 43 tons for heavy-haul tractors.

Tire rolling resistance level (TRRL) means a value with units of N/KN that represents the rolling
resistance of a tire configuration. TRRLs are used as modeling inputs under §§-1037.515-and
1037.520. Note that a manufacturer may use the measured value for a tire configuration’s
coefficient of rolling resistance, or assign some higher value.

* * * * *

Trailer means a piece of equipment designed for carrying cargo and for being drawn by a tractor

when coupled to the tractor S flfth wheel —'Fhese—tra#er&may—beknem%emme#ereﬂy—as—sm

U.S.-directed production volume means the number of vehicle units, subject to the requirements
of this part, produced by a manufacturer for which the manufacturer has a reasonable assurance

that sale was or will be made to ultimate purchasers in the United States. Note that this includes
Fhis-deesnotinelude-vehicles certified to state emission standards that are different than the
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emission standards in this part.

* * * * *

Vehicle means equipment intended for use on highways that meets at least one of the criteria of
paragraph (1) of this definition, as follows:
(1) The following equipment are vehicles:
(i) A piece of equipment that is intended for self-propelled use on highways becomes a
vehicle when it includes at least an engine, a transmission, and a frame. (Note: For
purposes of this definition, any electrical, mechanical, and/or hydraulic devices attached
to engines for the purpose of powering wheels are considered to be transmissions.)
(i) A piece of equipment that is intended for self-propelled use on highways becomes a
vehicle when it includes a passenger compartment attached to a frame with one or more
axles.

attached.
(2) Vehicles etherthan-tratlers-may be complete or incomplete vehicles as follows:

(i) A complete vehicle is a functioning vehicle that has the primary load carrying device
or container (or equivalent equipment) attached when it is first sold as a vehicle.

Examples of equivalent equipment would include fifth wheel trailer hitches, firefighting
equipment, and utility booms.

(if) An incomplete vehicle is a vehicle that is not a complete vehicle. Incomplete vehicles
may also be cab-complete vehicles. This may include vehicles sold to secondary vehicle
manufacturers.
(iii) Fheprimary sehi i sehi
lictinauil I hiclo i | her it is fi I le.

v)-You may ask us to allow you to certify a vehicle as incomplete if you manufacture
the engines and sell the unassembled chassis components, as long as you do not produce
and sell the body components necessary to complete the vehicle.

* * * * *

99. Amend § 1037.805 by revising Table 5 in paragraph (e) with an added entry for “GHG” in
alphabetical order and removing the entry for “PHEV” to read as follows:

§ 1037.805 Symbols, abbreviations, and acronyms.

* * * * *

TABLE 5 TO PARAGRAPH (e) OF § 1037.805—OTHER ACRONYMS AND ABBREVIATIONS
ACRONYM | MEANING
* Kk k Kk Kk Kk %k
GHG | Greenhouse gas.
* Kk k Kk Kk Kk %k

100. Amend 8 1037.810 by;
a. Removing paragraph (c)(9).
b. Redesignating paragraph (c)(10) as paragraph (c)(9).
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c. Revising paragraph (d)(4).
d. Adding paragraph (e).
The revision and addition read as follows:

§ 1037.810 Incorporation by reference.

* * * * *

(d) * * *
(4) Greenhouse gas Emissions Model (GEM) Phase 2, Version 4.0, April 2022 (“GEM Phase
2, Version 4.0”); IBR approved for §§ 1037.150(bb); 1037.520;-10375506(z).

* * * * *

(e) UN Economic Commission for Europe, Information Service, Palais des Nations, CH-1211

Geneva 10, Switzerland; unece_info@un.org; www.unece.orq:
(1) Addendum 22: United Nations Global Technical Regulation, No. 22, United Nations
Global Technical Regulation on In-vehicle Battery Durability for Electrified Vehicles,
Adopted April 14, 2022, (“GTR No. 22”); IBR approved for § 1037.115(f).

(2) [Reserved]

101. Revise appendix C of part 1037 to read as follows:

Appendix C of Part 1037 — Emission Control Identifiers

This appendix identifies abbreviations for emission control information labels, as required under
8 1037.135.

Vehicle Speed Limiters
-VSL - Vehicle speed limiter
-VSLS - “Soft-top” vehicle speed limiter
-VSLE - Expiring vehicle speed limiter
-VSLD - Vehicle speed limiter with both “soft-top” and expiration

Idle Reduction Technology
-IRT5 — Engine shutoff after 5 minutes or less of idling
-IRTE - Expiring engine shutoff

Tires
-LRRA - Low rolling resistance tires (all,-aeluding-traters)
-LRRD - Low rolling resistance tires (drive)
-LRRS - Low rolling resistance tires (steer)

Aerodynamic Components
-ATS — Aerodynamic side skirt and/or fuel tank fairing
-ARF — Aerodynamic roof fairing
-ARFR - Adjustable height aerodynamic roof fairing
-TGR — Gap reducing tractor fairing (tractor to trailer gap)

FATS —Traileracrodynamic side skirt
FARS ||a|_lle| acrodynaricFear fairing o
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Other Components
-ADVH - Vehicle includes advanced hybrid technology components
-ADVO - Vehicle includes other advanced-technology components (i.e., non-hybrid system)
-INV - Vehicle includes innovative (off-cycle) technology components
-ATI — Automatic tire inflation system
-TPMS - Tire pressure monitoring system

AR heen cedie e en e nen o

102. Amend appendix D of part 1037 by revising the appendix heading to read as follows:
Appendix D of Part 1037 — Heavy-duty Grade Profile for Phase 2_and Phase 3 Steady-
State Test Cycles

* * * * *

PART 1054— CONTROL OF EMISSIONS FROM NEW, SMALL NONROAD SPARK-

IGNITION ENGINES AND EQUIPMENT

103.  The authority citation for part 1054 continues to read as follows:
Authority: 42 U.S.C. 7401-7671q.

104. Amend § 1054.501 by revising paragraph (b)(7) to read as follows:

8§ 1054.501 How do | run a valid emission test?

* * * * *

(b) * * *
(7) Determine your test fuel’s the-carbon mass fraction-ef-fuel, we, using a calculation based
on measured-fuel properties as described in 40 CFR 1065.655(d){4};- however, you must
measure fuel properties for a and g rather than using the default values specified in Y-eu-may

netuse-the-default-values-specifiedinr-40 CFR 1065.655(e) (2.
* * * *

PART 1065—ENGINE-TESTING PROCEDURES

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

Subpart C—Measurement Instruments
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MEASUREMENT OF ENGINE PARAMETERS AND AMBIENT CONDITIONS
106. Amend § 1065.210 by revising paragraph (a) to read as follows:

§ 1065.210 Work input and output sensors.

() Application. Use instruments as specified in this section to measure work inputs and outputs
during engine operation. We recommend that you use sensors, transducers, and meters that meet
the specifications in Table 1 of § 1065.205. Note that your overall systems for measuring work
inputs and outputs must meet the linearity verifications in § 1065.307. We recommend that you
measure work inputs and outputs where they cross the system boundary as shown in Figure 1 of
this section. The system boundary is different for air-cooled engines than for liquid-cooled
engines. If you choose to measure work before or after a work conversion, relative to the system
boundary, use good engineering judgment to estimate any work-conversion losses in a way that
avoids overestimation of total work. For example, if it is impractical to instrument the shaft of
an exhaust turbine generating electrical work, you may decide to measure its converted electrical
work._As another example, your engine may include an engine exhaust electrical heater where
the heater is powered by an external power source. In these cases, assume an electrical generator
efficiency of 0.867 (1 =0.678), which is a conservative estimate of the efficiency and could over-
estimate brake-specific emissions. As another example, you may decide to measure the tractive
(i.e., electrical output) power of a locomotive, rather than the brake power of the locomotive
engine. In these cases, divide the electrical work by accurate values of electrical generator
efficiency (n <1), or assume an efficiency of 1 ( =1), which would over-estimate brake-specific
emissions. For the example of using locomotive tractive power with a generator efficiency of 1
(n =1), this means using the tractive power as the brake power in emission calculations. Do not
underestimate any work conversion efficiencies for any components outside the system boundary
that do not return work into the system boundary. And do not overestimate any work conversion
efficiencies for components outside the system boundary that do return work into the system
boundary. In all cases, ensure that you are able to accurately demonstrate compliance with the
applicable standards in this chapter. Figure 1 follows:
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Figure 1 to paragraph (a) of 8§ 1065.210: Work Inputs, Outputs, and System Boundaries
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* * * * *

107.  Amend subpart C by adding a new center header “H2 AND H20 MEASUREMENTS”
after § 1065.250 and adding 8§ 1065.255 and 1065.257 under the new center header to read
as follows:

H2 AND H.O MEASUREMENTS

8§ 1065.255 H, measurement devices.
(a) General component requirements. We recommend that you use an analyzer that meets the
specifications in Table 1 of § 1065.205. Note that your system must meet the linearity
verification in § 1065.307.
(b) Instrument types. You may use any of the following analyzers to measure Hy:

(1) Magnetic sector mass spectrometer.

(2) Raman spectrometer.
(c) Interference verification. Certain species can positively interfere with magnetic sector mass
spectroscopy and raman spectroscopy by causing a response similar to H2. When running the
interference verification for these analyzers, use good engineering judgment to determine
interference species. Note that for raman spectroscopy interference species are dependent on the
H: infrared absorption band chosen by the instrument manufacturer. For each analyzer
determine the Hz infrared absorption band. For each Hz infrared adsorption band, determine the
interference species to use in the verification. Use the interference species specified by the
instrument manufacturer or use good engineering judgment to determine the interference species.

§ 1065.257 Fourier transform infrared analyzer for H,O measurement.
(a) Component requirements. We recommend that you use an FTIR analyzer that meets the
specifications in Table 1 of § 1065.205. Note that your system must meet the linearity
verification in 8 1065.307 using a water generation system that meets the requirements of
8§ 1065.750(a)(6). Use appropriate analytical procedures for interpretation of infrared spectra.
For example, EPA Test Method 320 (see 8§ 1065.266(b)) and ASTM D6348 (incorporated by
reference in 8 1065.1010) are considered valid methods for spectral interpretation. You must use
heated FTIR analyzers that maintain all surfaces that are exposed to emissions at a temperature
of (110 to 202) °C.
(b) Interference verification. Certain species can interfere with FTIR analyzers by causing a
response similar to the water.
(1) Perform CO2 interference verification for FTIR analyzers using the procedures of
§ 1065.357 as CO2 gas can positively interfere with FTIR analyzers by causing a response
similar to H20.
(2) Use good engineering judgment to determine other interference species for FTIR
analyzers. Possible interference species include, but are not limited to, CO, NO, C2H4, and
C7Hs. Perform interference verification using the procedures of § 1065.357, replacing
occurances of CO2 (except for § 1065.357(¢e)(1)) with the targeted interferent specie. Note
that interference species, with the exception of CO», are dependent on the H20 infrared
absorption band chosen by the instrument manufacturer. For each analyzer determine the
H20 infrared absorption band. For each H20 infrared absorption band, use good engineering
judgment to determine interference species to use in the verification.

HYDROCARBON MEASUREMENTS
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108. Amend 8§ 1065.266 by revising paragraph (e) as follows:

8 1065.266 Fourier transform infrared analyzer.
* * * * *
(e) Interference verification. Perform interference verification for FTIR analyzers using the
procedures of 8 1065.366. Certain interference-gasesspecies can interfere with FTIR analyzers
by causing a response similar to the hydrocarbon species of interest. When running the
interference verification for these analyzers, use interference gases-species as follows:
(1) The interference gases-species for CHs are CO2, H20, and C2He.
(2) The interference gases-species for C2Hs are COz2, H20, and CHa.
(3) The interference gases-species for other measured hydrocarbon species are CO2, H20,
CHa, and C2He.

109. Reuvise the undesignated center heading preceding § 1065.270 to read as follows:
NOx, AND-N20, AND NHs MEASUREMENTS

110. Add 8§ 1065.277 under the undesignated and newly revised center header “NOx, N20, and
NH3s Measurements” to read as follows:

8 1065.277 NH3s measurement devices.
(a) General component requirements. We recommend that you use an analyzer that meets the
specifications in Table 1 of § 1065.205. Note that your system must meet the linearity
verification in 8 1065.307.
(b) Instrument types. You may use any of the following analyzers to measure NHa:
(1) Nondispersive ultravoilet (NDUV) analyzer.
(2) Fourier transform infrared (FTIR) analyzer. Use appropriate analytical procedures for
interpretation of infrared spectra. For example, EPA Test Method 320 (see 8 1065.266(b))
and ASTM D6348 (incorporated by reference in § 1065.1010) are considered valid methods
for spectral interpretation.
(3) Laser infrared analyzer. Examples of laser infrared analyzers are pulsed-mode high-
resolution narrow band mid-infrared analyzers, modulated continuous wave high-resolution
narrow band mid-infrared analyzers, and modulated continuous wave high-resolution near-
infrared analyzers. A quantum cascade laser, for example, can emit coherent light in the
mid-infrared region where nitrogen compounds including NHs have strong absorption.
(c) Sampling system. NHz has a tendency to adsorb to surfaces that it encounters. Minimize
NHz losses and sampling artifacts by using sampling system components (sample lines, prefilters
and valves) made of stainless steel or PTFE heated to (110 to 202) °C. If you heat these
components to temperatures >130 °C, use good engineering judgement to minimize NHs
formation due to thermal decomposition and hydrolysis of any DEF present in the sample gas.
Use a sample line that is as short as practically possible.
(d) Interference verification. Certain species can positively interfere with NDUV, FTIR, and
laser infrared analyzers by causing a response similar to NHs. Perform interference verification
for NDUV analyzers using the procedures of 8 1065.372, replacing occurances of NOx with NH3
and interference species with those listed in paragraph (d)(1) of this section. NDUV analyzers
must have combined interference that is within (0.0 +2.0) umol/mol. Perform interference
verification for FTIR and laser infrared analyzers using the procedures of § 1065.377. When
running the interference verification for these analyzers, use interference species as follows:
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(1) For NDUV analyzers, use SO2 and H20 as the interference species.

(2) Use good engineering judgment to determine interference species for FTIR and laser
infrared analyzers. Note that interference species, with the exception of H20, are dependent
on the NHs infrared absorption band chosen by the instrument manufacturer. For each
analyzer determine the NHs infrared absorption band. For each NHs infrared absorption
band, use the interference gases specified by the instrument manufacturer or use good
engineering judgment to determine the interference gases to use in the verification.

Subpart D—Calibrations and Verifications
111.  Amend § 1065.315 by revising paragraphs (a)(2) and (3) to read as follows:

8 1065.315 Pressure, temperature, and dewpoint calibration.

(a) I

(2) Temperature. We recommend digital dry-block or stirred-liquid temperature calibrators, with
data logging capabilities to minimize transcription errors. We recommend using calibration
reference quantities that are NIST-traceable within £0.5 % uncertainty of absolute temperature.
You may perform linearity verification for temperature measurement systems with
thermocouples, RTDs, and thermistors by removing the sensor from the system and using a
simulator in its place. Use a NIST-traceable simulator that is independently calibrated and, as
appropriate, cold-junction compensated. The simulator uncertainty scaled to absolute
temperature must be less than 0.5 % of Tmax. If you use this option, you must use sensors that the
supplier states are accurate to better than 0.5 % of Tmax compared with their standard calibration
curve.

(3) Dewpoint. We recommend a minimum of three different temperature-equilibrated and
temperature-monitored calibration salt solutions in containers that seal completely around the
dewpoint sensor. We recommend using calibration reference quantities that are NIST-traceable
within £0.5 % uncertainty of absolute dewpoint temperature.

* * * * *

112. Amend subpart D by adding a new center header “H20 MEASUREMENTS” after
§ 1065.355 and adding §8 1065.357 under the new center header to read as follows:
H20 MEASUREMENTS

§ 1065.357 CO interference verification for H,O FTIR analyzers.
(a) Scope and frequency. If you measure H20 using an FTIR analyzer, verify the amount of CO2
interference after initial analyzer installation and after major maintenance.
(b) Measurement principles. CO2 can interfere with an FTIR analyzer’s response to H20. If the
FTIR analyzer uses compensation algorithms that utilize measurements of other gases to meet
this interference verification, simultaneously conduct these other measurements to test the
compensation algorithms during the analyzer interference verification.
(c) System requirements. An H20 FTIR analyzer must have a COz 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 FTIR analyzer as you would before an emission
test.
(2) Use a CO2 span gas that meets the specifications of § 1065.750 and a concentration that is
approximately the maximum CO2 concentration expected during emission testing.
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(3) Introduce the CO2 test gas into the sample system.
(4) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the transfer line and to account for analyzer response.
(5) While the analyzer measures the sample’s concentration, record 30 seconds of sampled
data. Calculate the arithmetic mean of this data. The analyzer meets the interference
verification if this value is within (0.0 £0.4) mmol/mol.

(e) Exceptions. The following exceptions apply:
(1) You may omit this verification for CO> for engines operating on fuels other than carbon-
containing fuels.
(2) You may omit this verification if you can show by engineering analysis that for your H20
sampling system and your emission-calculation procedures, the CO2 interference for your
H20 FTIR analyzer always affects your brake-specific emission results within 0.5 % of
each of the applicable standards in this chapter. This specification also applies for vehicle
testing, except that it relates to emission results in g/mile or g/kilometer.
(3) You may use an H20 FTIR analyzer that you determine does not meet this verification, as
long as you try to correct the problem and the measurement deficiency does not adversely
affect your ability to show that engines comply with all applicable emission standards.

HYDROCARBON MEASUREMENTS

113.  Amend § 1065.360 by revising paragraphs (a)(4), (b), (d) introductory text, and (d)(12) to
read as follows:

8§ 1065.360 FID optimization and verification.
(a) * * *

4) any-gaseous-fueled-engine; s : ~¥You may
determine the methane (CH4) and ethane (CzHs) response factors as a function of the molar

water concentration in the raw or diluted exhaust. If you choose the option in this paragraph

(@)(4), generate and verify the humidity level (or fraction) as described in

§ 1065.365(dq){11).
(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. Alternately, you may remove system components for off-site calibration.
For a FID that measures THC, calibrate using CsHs calibration gases that meet the specifications
of § 1065.750. For a FID that measures CHa, calibrate using CHa calibration gases that meet the
specifications of 8§ 1065.750. We recommend FID analyzer zero and span gases that contain
approximately the flow-weighted mean concentration of Oz expected during testing. If you use a
FID to measure CH4 downstream of a nonmethane cutter (NMC), you may calibrate that FID
using CHa4 calibration gases with the evtterNMC. Regardless of the calibration gas composition,
calibrate on a carbon number basis of one (C1). For example, if you use a C3Hs 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 CHa4 span gas with a concentration of 200 umol/mol, span the FID to
respond with a value of 200 umol/mol.

* * * * *

(d) THC FID CHa4 response factor determination. This procedure is only for FID analyzers that
measure THC. Since FID analyzers generally have a different response to CH4 versus CsHs,

determine the THC-FID analyzer’s CHa response factor, RFcHartHe-rip], after FID optimization.
Use the most recent RFcratHe-Fip] measured according to this section in the calculations for HC
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determination described in § 1065.660 to compensate for CHa response. Determine RFcHa[THc-

rip] as follows, noting that you do not determine RFcHartHe-Fip) for FIDs that are calibrated and

spanned using CHas with a-n NMCrenmethane-cutter:

* * * * *
(12) You may dBetermine the response factor as a function of molar water concentration and
use this response factor to account for the CHa response for NMHC determination described
in 8 1065.660(b)(2)(iii). If you use this option, hHumidify the CHa4 span gas as described in
8§ 1065.365(¢g)(+1) and repeat the steps in paragraphs (d)(7) through (9) of this section until
measurements are complete for each setpoint in the selected range. Divide each mean
measured CH4 concentration by the recorded span concentration of the CH4 calibration gas,
adjusted for water content, to determine the FID analyzer’s CHa response factor, RFcraitHc-
Fip]. Use the CHa4 response factors at the different setpoints to create a functional relationship
between response factor and molar water concentration, downstream of the last sample dryer
if any sample dryers are present. Use this functional relationship to determine the response
factor during an emission test.

* * * * *

114. Revise § 1065.365 to read as follows:

8 1065.365 Nonmethane cutter penetration fractions.and NMC FID response factors.

(a) Scope and frequency. If you use a FID analyzer and a nonmethane cutter (NMC) to measure
methane (CHa4), determine the nenmethane-cutterNMC’s penetration fractions of methaneCHa,
PFcH4, and ethane (C2Hs), PFcans. As detailed in this section, these penetration fractions may be
determined as a combination of NMC penetration fractions and FID analyzer response factors,
depending on your particular NMC and FID analyzer configuration. Perform this verification
after installing the renmethane-cutterNMC. Repeat this verification within 185 days of testing to
verify that the catalytic activity of the eutter-NMC has not deteriorated. Note that because
nenmethane-cuttersNMCs can deteriorate rapidly and without warning if they are operated
outside of certain ranges of gas concentrations and outside of certain temperature ranges, good
engineering judgment may dictate that you determine an renmethane-cutterNMC’s penetration
fractions more frequently.

(b) Measurement principles. A nenmethanecutterNMC is a heated catalyst that removes
nonmethane hydrocarbons from an exhaust sample stream before the FID analyzer measures the
remaining hydrocarbon concentration. An ideal renmethane-cutterNMC would have a CH4
penetration fraction, PFcHa, of 1.000, and the penetration fraction for all other nonmethane
hydrocarbons would be 0.000, as represented by PFczrs. The emission calculations in

8§ 1065.660 use the measured values from this verification to account for less than ideal NMC
performance.

(c) System requirements. We do not limit NMC penetration fractions to a certain range.
However, we recommend that you optimize an NMC renmethane-cutter-by adjusting its
temperature to achieve a PFcns>0-85-and-a-PFcare <0.02, as determined by paragraphs (d), (e),
or (f) of this section, as applicable, using dry gases. If we use an NMC nenmethane-eutter-for
testing, it will meet this recommendation. If adjusting NMC temperature does not result in
achieving beth-ef-these-specifications-simultanesushythis recommendation, we recommend that
you replace the catalyst material. Use the most recently determined penetration values from this
section to calculate HC emissions according to § 1065.660 and § 1065.665 as applicable.

(d) Procedure for a FID calibrated with the NMC. The method described in this paragraph (d) is
recommended over the procedures specified in paragraphs (e) and (f) of this section and required

96



for any gaseous-fueled engine, including dual-fuel and flexible-fuel engines. H-yourFiB

arrangement-is-such-that a FD-s-always-calibrated to-measure CHawith-the NME,-then-span
that-HD-with-the NMG-using-a-CHs-span-gas;-set-the-product-of that FHB’s-CHurespensefactor
aheCH -penetrationfraction REPFchi wvic-Fio—equak- to-1.0-foral-emission-calewlations—and
determine-Hs-combined-CoHsresponsefactorand-CoHs-penetration-fraction, REPFcansinmc-FIny;
as-follews.—For any gaseous-fueled engine, including dual-fuel and flexible-fuel engines, you
must determine the combined CHa response factor and penetration fraction, REPFcHanme-Fipy,
and_combined CzHs response factor and SzHs-penetration fraction, RFPFcaHsinvc-FID], @S @
function of the molar water concentration in the raw or diluted exhaust as described in
paragraphs (d)(269) and (22g) of this section. Note that REPFcnanmvc-Fip IS set equal to 1.0 only
for zero molar water concentration. For any other engine you may use the same procedure, or
you may set REPFcHanme-Fipy equal to 1.0 and determine RFPFcaonsinmc-Fip) at zero molar water
concentration. Generate and verlfy the humldlty generation as described in paragraph (dg)el—lé

(1) Select CH4 and C2H6 analytlcal gas mlxtures and ensure that both mlxtures meet the
specifications of § 1065.750. Select a CH4 concentration that you would use for spanning the
FID during emission testing and select a C2Hes concentration that is typical of the peak
NMHC concentration expected at the hydrocarbon standard or equal to the THC analyzer’s
span value. For CHa4 analyzers with multiple ranges, perform this procedure on the highest
range used for emission testing.

(2) Start, operate, and optimize the ronmethane-cutterNMC according to the manufacturer’s
instructions, including any temperature optimization.

(3) Confirm that the FID analyzer meets all the specifications of § 1065.360.

(4) Start and operate the FID analyzer according to the manufacturer’s instructions.

(5) Zero and span the FID with the ronmethane-cutterNMC as you would during emission
testing. Span the FID through the eutter-NMC by using CH4 span gas.

(6) Introduce the C2Hs analytical gas mixture upstream of the nenmethane-cutterNMC. Use
good engineering judgment to address the effect of hydrocarbon contamination if your point
of introduction is vastly different from the point of zero/span gas introduction.

(7) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the nenmethane-cutterNMC and to account for the analyzer’s response.

(8) While the analyzer measures a stable concentration, record 30 seconds of sampled data.
Calculate the arithmetic mean of these data points.

(9) Divide the mean C2Hs concentration by the reference concentration of C2Hs, converted to
a Ci1 basis and adjusted for water content, if necessary. The result is the S2Hs-combined
C2Hs response factor and penetration fraction, RFPFczrsinme-Fip). Use this combined CzHe
response factor and C2He penetration fraction and the product of the CH4 response factor and
CHya penetration fraction, RFPFcHainvc-rip), Set to 1.0 in emission calculations according to
8 1065.660(b)(2)(i) or (d)(21)(i) or 8 1065.665, as applicable._If you are generating mixtures
as a function of molar water concentration, follow the guidance in paragraph (g) of this
section and repeat the steps in paragraphs (d)(6) to (9) of this section until all setpoints have
been completed. Use REPFcaHsinvc-FiD) at the different setpoints to create a functional
relationship between RFPFcansinmc-FiD) and molar water concentration, downstream of the
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last sample dryer if any sample dryers are present. Use this functional relationship to
determine the combined response factor and penetration fraction during the emission test.
(10) If required by this paragraph (d), repeat the steps in paragraphs (d)(6) through (9) of this
section, but with the CH4 analytical gas mixture instead of CoHs and determine RFPFcHanmc-
FID] instead.

(11) Use this combined C2He response factor and penetration fraction, RFPFcanenme-FiD],

and this combined CHa4 response factor and penetration fraction, RFPFcHanmc-Fip], In




(e) Procedure for a FID calibrated with propane, bypassing the NMC. If you use a single FID
for THC and CH4 determination with an NMC that is calibrated with propane, CsHs, by
bypassing the NMC, determine its penetration fractions, PFcansinvc-Fip) and PFcranmvce-FiD), as
follows:
(1) Select CH4 and C2Hs analytical gas mixtures and ensure that both mixtures meet the
specifications of § 1065.750. Select a CH4 concentration that you would use for spanning the
FID during emission testing and select a C2Hs concentration that is typical of the peak
NMHC concentration expected at the hydrocarbon standard and the C2He concentration
typical of the peak total hydrocarbon (THC) concentration expected at the hydrocarbon
standard or equal to the THC analyzer’s span value. For CHa4 analyzers with multiple ranges,
perform this procedure on the highest range used for emission testing.
(2) Start and operate the renmethane-cutterNMC according to the manufacturer’s
instructions, including any temperature optimization.
(3) Confirm that the FID analyzer meets all the specifications of § 1065.360.
(4) Start and operate the FID analyzer according to the manufacturer’s instructions.
(5) Zero and span the FID as you would during emission testing. Span the FID by bypassing
the eutter-NMC and by using CsHs span gas. Note that you must span the FID on a Ci basis.
For example, if your span gas has a propane reference value of 100 umol/mol, the correct
FID response to that span gas is 300 umol/mol because there are three carbon atoms per CsHs
molecule.
(6) Introduce the C2Hs analytical gas mixture upstream of the nenmethane-cutterNMC. Use
good engineering judgment to address the effect of hydrocarbon contamination if your point
of introduction is vastly different from the point of zero/span gas introduction.
(7) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the nenmethane-cutterNMC and to account for the analyzer’s response.
(8) While the analyzer measures a stable concentration, record 30 seconds of sampled data.
Calculate the arithmetic mean of these data points.
(9) Reroute the flow path to bypass the renmethane-cutterNMC, introduce the C2Hs
analytical gas mixture, and repeat the steps in paragraphs (e)(7) through (8) of this section.
(10) Divide the mean C2Hs concentration measured through the renmethane-cutterNMC by
the mean Cz2Hs concentration measured after bypassing the renmethane-cutterNMC. The
result is the C2He penetration fraction, PFcaneinme-FiDy. Use this penetration fraction
according to 8 1065.660(b)(2)(ii), § 1065.660(d)(1)(ii), or § 1065.665, as applicable.
(11) Repeat the steps in paragraphs (e)(6) through (10) of this section, but with the CH4
analytical gas mixture instead of C2Hs. The result will be the CHa4 penetration fraction,
PFcranme-Fipy. Use this penetration fraction according to § 1065.660(b)(2)(ii) or § 1065.665,
as applicable.
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(f) Procedure for a FID calibrated with CH4, bypassing the NMC. If you use a FID with an
NMC that is calibrated with CHa, by bypassing the NMC, determine its combined ethanre{C2He}
response factor and penetration fraction, RFPFczrsinme-FiDy , as well as its CHa4 penetration
fraction, PFcHanme-Fip], as follows:
(1) Select CH4 and C2Hs analytical gas mixtures and ensure that both mixtures meet the
specifications of § 1065.750. Select a CH4 concentration that you would use for spanning the
FID during emission testing and select a C2Hs concentration that is typical of the peak
NMHC concentration expected at the hydrocarbon standard or equal to the THC analyzer’s
span value. For CHa4 analyzers with multiple ranges, perform this procedure on the highest
range used for emission testing.
(2) Start and operate the nrenmethane-cutterNMC according to the manufacturer’s
instructions, including any temperature optimization.
(3) Confirm that the FID analyzer meets all the specifications of § 1065.360.
(4) Start and operate the FID analyzer according to the manufacturer’s instructions.
(5) Zero and span the FID as you would during emission testing. Span the FID by bypassing
the eutter-NMC and by using CH4 span gas.
(6) Introduce the C2He analytical gas mixture upstream of the nenmethane-cutterNMC. Use
good engineering judgment to address the effect of hydrocarbon contamination if your point
of introduction is vastly different from the point of zero/span gas introduction.
(7) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the nenmethane-cutterNMC and to account for the analyzer’s response.
(8) While the analyzer measures a stable concentration, record 30 seconds of sampled data.
Calculate the arithmetic mean of these data points.
(9) Divide the mean CzHs concentration by the reference concentration of C2Hs, converted to
a Ci1 basis. The result is the combined C2Hs response factor and C2Hs penetration fraction,
RFPFczrenmve-ripy. Use this combined C2Hs response factor and S2Hs-penetration fraction
according to § 1065.660(b)(2)(iii) or (d)(1)(iii) or § 1065.665, as applicable.
(10) Introduce the CH4 analytical gas mixture upstream of the renmethanecutterNMC. Use
good engineering judgment to address the effect of hydrocarbon contamination if your point
of introduction is vastly different from the point of zero/span gas introduction.
(11) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the nenmethane-cutterNMC and to account for the analyzer’s response.
(12) While the analyzer measures a stable concentration, record 30 seconds of sampled data.
Calculate the arithmetic mean of these data points.
(13) Reroute the flow path to bypass the renmethane-cutterNMC, introduce the CH4
analytical gas mixture, and repeat the steps in paragraphs (e)(11) and (12) of this section.
(14) Divide the mean CH4 concentration measured through the nenmethane-cutterNMC by
the mean CH4 concentration measured after bypassing the renmethane-cutterNMC. The
result is the CH4 penetration fraction, PFcrHainme-ripy. Use this CHa penetration fraction
according to 8 1065.660(b)(2)(iii) or (d)(1)(iii) or 8 1065.665, as applicable.
(g) Test gas humidification. If you are generating gas mixtures as a function of the molar water
concentration in the raw or diluted exhaust according to paragraph (d) of this section, then create
a humidified test gas by bubbling the analytical gas mixture that meets the specifications in
8 1065.750 through distilled H20 in a sealed vessel or use a device that introduces distilled H20
as vapor into a controlled gas flow. Determine H2O concentration as an average value over
intervals of at least 30 seconds. We recommend that you design your system so the wall
temperatures in the transfer lines, fittings, and valves from the point where the mole fraction of
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H20 in the humidified calibration gas, XH2oref, IS measured to the analyzer are at least 5 °C above
the local calibration gas dewpoint. Verify the humidity generator’s uncertainty upon initial
installation, within 370 days before verifying response factors and penetration fractions, 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 in 8§ 1065.1010)
to verify that the amount of H20 in XHzoref is determined within +3 % uncertainty, Uxn2o, for one
of the options described in 8 1065.750(a)(6)(i) or (ii). If the humidity generator requires
assembly before use, after assembly follow the instrument manufacturer’s instructions to check
for leaks.
(1) If the sample does not pass through a dryer during emission testing, generate at least five
different H20 concentrations that cover the range from less than the minimum expected to
greater than the maximum expected water concentration during testing. Use good
engineering judgment to determine the target concentrations.
(2) If the sample passes through a dryer during emission testing, humidify your test gas to an
H20 level at or above the level determined in § 1065.145(e)(2) for that dryer and determine a
single wet analyzer response to the dehumidified sample.

115.  Amend § 1065.366 by revising paragraph (b) to read as follows:

8 1065.366 Interference verification for FTIR analyzers.

* * * * *

(b) Measurement principles. interference-gasesCertain species can interfere with eertain
analyzers by causing a response similar to the target analyte. If the analyzer uses compensation
algorithms that utilize measurements of other gases to meet this interference verification,
simultaneously conduct these other measurements to test the compensation algorithms during the

analyzer interference verification.
* * * * *

NOx AND N20 MEASUREMENTS
116. Amend 8§ 1065.375 by revising paragraphs (b) and (d)(9) to read as follows:

8§ 1065.375 Interference verification for N2O analyzers.

* * * * *

(b) Measurement principles. taterference-gasesCertain species can positively interfere with
eertatnr-analyzers by causing a response similar to N2O. If the analyzer uses compensation
algorithms that utilize measurements of other gases to meet this interference verification,
simultaneously conduct these other measurements to test the compensation algorithms during the
analyzer interference verification.

* * * * *

(d) R

(9) You may also run interference procedures separately for individual interference gasesspecies.
If the concentration of the interference gas-tevelsspecies used are higher than the maximum
levels expected during testing, you may scale down each observed interference value (the
arithmetic mean of 30 second data described in paragraph (d)(7) of this section) by multiplying
the observed interference by the ratio of the maximum expected concentration value to the actual
value used during this procedure. You may run separate interference concentrations of H20
(down to 0.025 mol/mol H20 content) that are lower than the maximum levels expected during
testing, but you must scale up the observed H20 interference by multiplying the observed
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interference by the ratio of the maximum expected H20 concentration value to the actual value
used during this procedure. The sum of the scaled interference values must meet the tolerance
for combined interference as specified in paragraph (c) of this section.

117. Add § 1065.377 to read as follows:

§ 1065.377 Interference verification for NHs analyzers.

(a) Scope and frequency. See § 1065.277 to determine whether you need to verify the amount of

interference after initial analyzer installation and after major maintenance.

(b) Measurement principles. Certain species can positively interfere with analyzers by causing a

response similar to NHs. If the analyzer uses compensation algorithms that utilize measurements

of other gases to meet this interference verification, simultaneously conduct these other

measurements to test the compensation algorithms during the analyzer interference verification.

(c) System requirements. Analyzers must have combined interference that is within (0.0 +2.0)

umol/mol.

(d) Procedure. Perform the interference verification as follows:
(1) Start, operate, zero, and span the NHs analyzer as you would before an emission test. |If
the sample is passed through a dryer during emission testing, you may run this verification
test with the dryer if it meets the requirements of § 1065.342. Operate the dryer at the same
conditions as you will for an emission test. You may also run this verification test without
the sample dryer.
(2) Create a humidified test gas using a multi component span gas that incorporates the target
interference species and meets the specifications in § 1065.750 and a humidity generator
device that introduces distilled H20 as vapor into a controlled gas flow. If the sample does
not pass through a dryer during emission testing, humidify your test gas to an H20 level at or
above the maximum expected during emission testing. If the sample passes through a dryer
during emission testing, you must humidify your test gas to an H20 level at or above the
level determined in 8 1065.145(e)(2) for that dryer. Use interference span gas concentrations
that are at least as high as the maximum expected during testing.
(3) Introduce the humidified interference test gas into the sample system. You may introduce
it downstream of any sample dryer, if one is used during testing.
(4) If the sample is not passed through a dryer during this verification test, measure the H20
mole fraction, xH20, of the humidified interference test gas as close as possible to the inlet of
the analyzer. For example, measure dewpoint, Tdew, and absolute pressure, protal, to calculate
xH20. Verify that the H20 content meets the requirement in paragraph (d)(2) of this section.
If the sample is passed through a dryer during this verification test, you must verify that the
H20 content of the humidified test gas downstream of the vessel meets the requirement in
paragraph (d)(2) of this section based on either direct measurement of the H>O content (e.q.,
dewpoint and pressure) or an estimate based on the vessel pressure and temperature. Use
good engineering judgment to estimate the H20 content. For example, you may use previous
direct measurements of H2O content to verify the vessel’s level of saturation.
(5) If a sample dryer is not used in this verification test, use good engineering judgment to
prevent condensation in the transfer lines, fittings, or valves from the point where XH20 is
measured to the analyzer. We recommend that you design your system so that the wall
temperatures in the transfer lines, fittings, and valves from the point where X120 is measured
to the analyzer are at least 5 °C above the local sample gas dewpoint.
(6) Allow time for the analyzer response to stabilize. Stabilization time may include time to
purge the transfer line and to account for analyzer response.
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(7) While the analyzer measures the sample’s concentration, record its output for 30 seconds.
Calculate the arithmetic mean of this data. When performed with all the gases
simultaneously, this is the combined interference.

(8) The analyzer meets the interference verification if the result of paragraph (d)(7) of this
section meets the tolerance in paragraph (c) of this section.

(9) You may also run interference procedures separately for individual interference species.
If the concentration of the interference species used are higher than the maximum levels
expected during testing, you may scale down each observed interference value (the
arithmetic mean of 30 second data described in paragraph (d)(7) of this section) by
multiplying the observed interference by the ratio of the maximum expected concentration
value to the actual value used during this procedure. You may run separate interference
concentrations of H20 (down to 0.025 mol/mol H20 content) that are lower than the
maximum levels expected during testing, but you must scale up the observed H.O
interference by multiplying the observed interference by the ratio of the maximum expected
H20 concentration value to the actual value used during this procedure. The sum of the
scaled interference values must meet the tolerance for combined interference as specified in
paragraph (c) of this section.

Subpart F—Performing an Emission Test Over Specified Duty Cycles
118. Amend § 1065.512 by revising paragraphs (b)(1) and (2) to read as follows:

8 1065.512 Duty cycle generation.
* * * * *
(b) * *  *
(1) Engine speed for variable-speed engines. For variable-speed engines, normalized speed
may be expressed as a percentage between warm idle speed, fnidle, and maximum test speed,
frtest, Or Speed may be expressed by referring to a defined speed by name, such as “warm
idle,” “intermediate speed,” or “A,” “B,” or “C” speed. Section 1065.610 describes how to
transform these normalized values into a sequence of reference speeds, farer. Running duty
cycles with negative or small normalized speed values near warm idle speed may cause low-
speed idle governors to activate and the engine torque to exceed the reference torque even
though the operator demand is at a minimum. In such cases, we recommend controlling the
dynamometer so it gives priority to follow the reference torque instead of the reference speed
and let the engine govern the speed. Note that the cycle-validation criteria in § 1065.514
allow an engine to govern itself. This allowance permits you to test engines with enhanced-
idle devices, and-to simulate the effects of transmissions such as automatic transmissions,
and for engines with speed derate intended to limit exhaust mass flowrate.
(i) -For example, an enhanced-idle device might be an idle speed value that is normally
commanded only under cold-start conditions to quickly warm up the engine and
aftertreatment devices. In this case, negative and very low normalized speeds will
generate reference speeds below this higher enhanced-idle speed. Control the
dynamometer so it gives priority to follow the reference torque, controlling the operator
demand so it gives priority to follow reference speed and let the engine govern the speed
when the operator demand is at minimum.
You may do either of the following when using enhanced-idle devices:
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(#A) While running an engine where the ECM broadcasts an enhanced-idle speed that
is above the denormalized speed, use the broadcast speed as the reference speed. Use
these new reference points for duty-cycle validation. This does not affect how you
determine denormalized reference torque in paragraph (b)(2) of this section.
(H#iB) If an ECM broadcast signal is not available, perform one or more practice
cycles to determine the enhanced-idle speed as a function of cycle time. Generate the
reference cycle as you normally would but replace any reference speed that is lower
than the enhanced-idle speed with the enhanced-idle speed. This does not affect how
you determine denormalized reference torque in paragraph (b)(2) of this section.
(ii) For example, an engine with power derate intended to limit exhaust mass flowrate
might include controls that reduce engine speed under cold-start conditions, resulting in
reduced exhaust flow that assists other aftertreatment thermal management technologies
(e.q., electric heater). In this case, normalized speeds will generate reference speeds
above this engine speed derate. Control the dynamometer so it gives priority to follow the
reference speed, controlling the operator demand so it gives priority to follow reference
torque. You may do one of the following, as specified, when using engine derate devices:
(A) While running an engine where the ECM broadcasts engine derate speed that is
below the denormalized speed, use the broadcast speed as the reference speed. Use
these new reference points for duty-cycle validation. This does not affect how you
determine denormalized reference torque in paragraph (b)(2) of this section.
(B) If an ECM broadcast signal is not available, perform one or more practice cycles
to determine the engine derate speed as a function of cycle time. Generate the
reference cycle as you normally would but replace any reference speed that is greater
than the engine derate speed with the engine derate speed. This does not affect how
you determine denormalized reference torque in paragraph (b)(2) of this section.
(2) Engine torque for variable-speed engines. For variable-speed engines, normalized torque
is expressed as a percentage of the mapped torque at the corresponding reference speed.
Section 1065.610 describes how to transform normalized torques into a sequence of
reference torques, Trer. Section 1065.610 also describes special requirements for modifying
transient duty cycles for variable-speed engines intended primarily for propulsion of a
vehicle with an automatic or manual transmission. Section 1065.610 also describes under
what conditions you may command Trer greater than the reference torque you calculated from
a normalized duty cycle, which permits you to command Trer values that are limited by a
declared minimum torque. For any negative torque commands, command minimum operator
demand and use the dynamometer to control engine speed to the reference speed, but if
reference speed is so low that the idle governor activates, we recommend using the
dynamometer to control torque to zero, CITT, or a declared minimum torque as appropriate.
Note that you may omit power and torque points during motoring from the cycle-validation
criteria in 8 1065.514. Also, use the maximum mapped torque at the minimum mapped speed
as the maximum torque for any reference speed at or below the minimum mapped speed.

* * * *
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119. Amend § 1065.530 by revising paragraphs (b)(4), (9), and (11) to read as follows:

8§ 1065.530 Emission test sequence.

* * * * *

(b) * * *
(4) Pre-heat or pre-cool heat exchangers in the sampling system to within their operating
temperature tolerances for a test interval.
* * * * *
(9) Select gas analyzer ranges. You may automatically or manually switch gas analyzer
ranges during a test interval only if switching is performed by changing the span over which
the digital resolution of the instrument is applied. During a test interval you may not switch
the gains of an analyzer’s analog operational amplifier(s).

* * * * *

(11) We recommend that you verify gas analyzer responses after zeroing and spanning by
sampling a calibration gas that has a concentration near one-half of the span gas
concentration. Based on the results and good engineering judgment, you may decide whether
or not to re-zero, re-span, or re-calibrate a gas analyzer before starting a test interval.

* * * * *

Subpart G—Calculations and Data Requirements

120. Amend § 1065.601 by revising paragraph (c)(1)(i) and removing and reserving paragraph
(c)(2)(ii) to read as follows:

§ 1065.601 Overview.
* * * * *
(C) * * *
(1) * * *
(i) 1ISO 8178-1-4 Section 9.1.634-4, NOx Correction for Humidity and Temperature. See
8 1065.670 for approved methods for humidity corrections.

(i) 1SO 8178-1 Section 15.1, Particulate Correction Factor for Humidity[Reserved].

* *

121. Amend 8§ 1065.602 by adding paragraph (m) to read as follows:

§ 1065.602 Statistics.

* * * * *

(m) Median. Determine median, M, as described in this paragraph (m). Arrange the data points
in the data set in increasing order where the smallest value is ranked 1, the second-smallest value
is ranked 2, etc.

(1) For even numbers of data points:

(i) Determine the rank of the data point whose value is used to determine the median as follows:
N

L =—

2
Where:

i = an indexing variable that represents the rank of the data point whose value is used to
determine the median.
N = the number of data points in the set.
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Example:
N=4
y1=41.515
y2 =41.780
y3=41.861
ya =41.902
4

2

i=2

i =

(i) Determine the median as the average of the data point i and the data pointi + 1 as follows:
_Yit Vi
M=
Example:
y2 =41.780
y3=41.861
41.780 + 41.861
B 2
M =41.821
(2) For odd numbers of data points, determine the rank of the data point whose value is the

median and the corresponding median value as follows:
~ N+1

| = —-

2
Where:

i = an indexing variable that represents the rank of the data point whose value is the median.
N = the number of data points in the set.

Example:
N=3

y1 =41.515
y2=41.780

ys = 41.861
- 3+1

| = —

2
=2

M =41.780

122. Amend § 1065.655 by revising the section heading and paragraphs (a), (b)(4), and (e)(4)
introductory text to read as follows:

8§ 1065.655 Chemical balances of carbon-containing fuel, DEF, intake air, and exhaust.

(a) General. Chemical balances of fuel, intake air, and exhaust may be used to calculate flows,
the amount of water in their flows, and the wet concentration of constituents in their flows. Use
the chemical balance calculations in this section for carbon-containing fuels. For fuels other than
carbon-containing fuels use the chemical balance calculations of section § 1065.656. With one
flow rate of either fuel, intake air, or exhaust, you may use chemical balances to determine the
flows of the other two. For example, you may use chemical balances along with either intake air
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or fuel flow to determine raw exhaust flow. Note that chemical balance calculations allow
measured values for the flow rate of diesel exhaust fluid for engines with urea-based selective
catalytic reduction.

(b) * Kx  *

(4) The amount of water in a raw or diluted exhaust flow, XH20exh, When you do not measure the
amount of water to correct for the amount of water removed by a sampling system._Note that
you may not use the FTIR based water measurement method in § 1065.257 to determime XH20exh.
Correct for removed water according to § 1065.659.

* * * * *

(e) E N

(4) Calculate a, g, y, and ¢ as described in this paragraph (e)(4)using-the-foHowing-equations:. If
your fuel mixture contains fuels other than carbon-containing fuel, then-calculate those fuels’s
mass fractions wn, wc, wo, and wn as described in § 1065.656(d) and set the fuels’s mass fraction
ws to zero. Calculate a, S, y, and ¢ using the following equations:

* * * * *

123. Add 8§ 1065.656 to read as follows:

§ 1065.656 Chemical balances of fuels other than carbon-containing fuel, DEF, intake air,
and exhaust.
(a) General. Chemical balances of fuel, DEF, intake air, and exhaust may be used to calculate
flows, the amount of water in their flows, and the wet concentration of constituents in their
flows. Use the chemical balance calculations in this section for fuels other than carbon-
containing fuels. For carbon-containing fuels, use the chemical balance calculations in section
§ 1065.655, including any dual-fuels or flexible-fuels where one of the fuels contains carbon.
With one flow rate of either fuel, intake air, or exhaust, you may use chemical balances to
determine the flows of the other two. For example, you may use chemical balances along with
either intake air or fuel flow to determine raw exhaust flow. Note that chemical balance
calculations allow measured values for the flow rate of diesel exhaust fluid for engines with
urea-based selective catalytic reduction.
(b) Procedures that require chemical balances. We require chemical balances when you
determine the following:
(1) A value proportional to total work, W when you choose to determine brake-specific
emissions as described in 8§ 1065.650(f).
(2) Raw exhaust molar flow rate either from measured intake air molar flow rate or from fuel
mass flow rate as described in paragraph (f) of this section.
(3) Raw exhaust molar flow rate from measured intake air molar flow rate and dilute exhaust
molar flow rate as described in paragraph (q) of this section.
(4) The amount of water in a raw or diluted exhaust flow, XH20exh, When you do not measure
the amount of water to correct for the amount of water removed by a sampling system.
Correct for removed water according to § 1065.659.
(5) The calculated total dilution air flow when you do not measure dilution air flow to correct
for background emissions as described in § 1065.667(c) and (d).
(c) Chemical balance procedure. The calculations for a chemical balance involve a system of
equations that require iteration. We recommend using a computer to solve this system of
equations. You must guess the initial values of two of the following quantities: the amount of
water in the measured flow, XH20exndry, the amount of hydrogen in the measured flow, XHzexhdry,
the fraction of dilution air in diluted exhaust, Xdilexhdry, and the amount of intake air required to
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produce actual combustion products per mole of dry exhaust, Xintexhdry. YOU may use time-
weighted mean values of intake air humidity and dilution air humidity in the chemical balance;
as long as your intake air and dilution air humidities remain within tolerances of +£0.0025
mol/mol of their respective mean values over the test interval. For each emission concentration,
X, and amount of water, XH20exh, You must determine their completely dry concentrations, Xdry and
XH20exhdry. YOU must also use your fuel mixture’s atomic carbon-to- hydrogen ratio, z, oxygen-to-
hydrogen ratio, ¢, and nitrogen-to- hydrogen ratio, w; you may optionally account for diesel
exhaust fluid (or other fluids injected into the exhaust), if applicable. You may calculate z, ¢,
and o based on measured fuel composition or based on measured fuel and diesel exhaust fluid
(or other fluids injected into the exhaust) composition together, as described in paragraph (e) of
this section. You may alternatively use any combination of default values and measured values
as described in paragraph (e) of this section. Use the following steps to complete a chemical
balance:
(1) Convert your measured concentrations such as, XHzomeas, X02meas, XH2meas, XNOmeas, XNO2meas,
XNH3meas, and XH2oint, t0 dry concentrations by dividing them by one minus the amount of
water present during their respective measurements; for example: XH20meas, XH20x02meas,
XH20xNomeas, and XHzoint. |f the amount of water present during a “wet” measurement is the
same as an unknown amount of water in the exhaust flow, XH20exh, iteratively solve for that
value in the system of equations. If you measure only total NOx and not NO and NO>
separately, use good engineering judgment to estimate a split in your total NOx concentration
between NO and NO: for the chemical balances. For example, if you measure emissions
from a stoichiometric combustion engine, you may assume all NOx is NO. For a lean-burn
combustion engine, you may assume that your molar concentration of NOx, Xnox, is 75 % NO
and 25 % NO.. For NOq storage aftertreatment systems, you may assume xnox is 25 % NO
and 75 % NO». Note that for calculating the mass of NOx emissions, you must use the molar
mass of NO» for the effective molar mass of all NOx species, regardless of the actual NO>
fraction of NOx.
(2) Enter the equations in paragraph (c)(4) of this section into a computer program to
iteratively solve for XH2oexhdry, XHzexhdry, Xdillexhdry, @Nd Xintexhdry. USe good engineering
judgment to guess initial values for XH20exhdry, XH2exhdry, Xdil/exhdry, 8Nd Xintexhdry. VW€ recommend
guessing an initial amount of water that is about twice the amount of water in your intake or
dilution air. We recommend guessing an initial amount of hydrogen of 0 mol/mol. We
recommend guessing an initial Xintexhdry 0f 1 mol/mol. We also recommend guessing an initial
, Xdilexhdry Of 0.8 mol/mol. lterate values in the system of equations until the most recently
updated guesses are all within +1 % or +1 umol/mol, whichever is larger, of their respective
most recently calculated values.
(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 § 1065.656—Symbols and Subscripts for Chemical Balance Equations

X[emission]meas

Aamount of measured emission in the sample at the respective gas
analyzer.

X[emission]exh

Aamount of emission per dry mole of exhaust.

X[emission]exhdry

Aamount of emission per dry mole of dry exhaust.

XH20[emission]meas Aamount of H20 in sample at emission-detection location; measure or
estimate these values according to 8 1065.145(e)(2) .

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

Xdil/exhdry Aamount of dilution gas and/or excess air per mole of dry exhaust.

XHcombdry Aamount of hydrogen from fuel and any injected fluids in the exhaust per
mole of dry exhaust.

Xint/exhdry Aamount of intake air required to produce actual combustion products per
mole of dry (raw or diluted) exhaust.

Xraw/exhdry Aamount of undiluted exhaust, without excess air, per mole of dry (raw or
diluted) exhaust.

XCO2int Aamount of intake air CO2 per mole of intake air.

XCO2intdry Aamount of intake air CO2 per mole of dry intake air; you may use
Xcozintdry = 375 pmol/mol, but we recommend measuring the actual
concentration in the intake air.

XH20int Aamount of H20 in the intake air, based on a humidity measurement of
intake air.

XH20intdry Aamount of intake air H20 per mole of dry intake air.

XO2int Aamount of intake air Oz per mole of intake air.

Xco2dil Aamount of dilution gas CO2 per mole of dilution gas.

Xcozdildry Aamount of dilution gas CO2 per mole of dry dilution gas; if you use air
as diluent, you may use Xcozdildry = 375 pmol/mol, but we recommend
measuring the actual concentration in the dilution gas.

XH20dil Aamount of dilution gas H20 per mole of dilution gas.

XH20dildry Aamount of dilution gas H20O per mole of dry dilution gas.

T Aatomic carbon-to-hydrogen ratio of the fuel (or mixture of test fuels) and
any injected fluids.

0 Aatomic oxygen-to-hydrogen ratio of the fuel (or mixture of test fuels)
and any injected fluids.

) Aatomic nitrogen-to-hydrogen ratio of the fuel (or mixture of test fuels)

and any injected fluids.

(4) Use the equations specified in this section to iteratively solve for Xintexhdry, Xdil/exhdry,

XH2exhdry, aNd XH20exhdry. FOr some quantities multiple equations are provided. The calculation

of Xozexhdry IS Only required when Xo2meas IS measured. The calculation of XNH3zexhdry IS Only

required for engines that use ammonia as fuel, for all other fuels XnHzexhdry May be set to zero.

xraw/exhdry

Xdil/exh =

Eq. 1065.656-1

Xdil/exhdry = 1
Eq. 1065.656-2

1+ xHZOexhdry

Xdil/exh

— XH20exh
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XH2meas

XH2exhdry =
exhdry 1- XH20H2meas

Eqg. 1065.656-3 (see Table 2 of § 1065.656)

1
XHzexhdry = 2- (xraw/exhdry - xint/exhdry) - (E +o+ w) * XHcombdry + E * XNH3exhdry

+ XNO2exhdry
Eqg. 1065.656-4 (see Table 2 of § 1065.656)
xHZOethry

XH20exh =
x 1+ xHZOexhdry

Eq. 1065.656-5

_ XH20meas
XH20exhdry = 1

— XH20meas

Eg. 1065.656-6 (see Table 2 of § 1065.656)
1

3
XH20exhdry = 5 * XHcombdry — XH2exhdry — 5 " XNH3exhdry T XH20dil * Xdil/exhdry T XH20int
y 2 y y 2 y y

* Xint/exhdry
Eq. 1065.656-7 (see Table 2 of § 1065.656)
XHcombdry = 2 * XH20exhdry T 2 * XH2exhdry T 3 * XNH3exhdry — 2 * XH20dil * Xdil/exhdry — 2

* XH20int " Xint/exhdry
Eq. 1065.656-8 (see Table 2 of § 1065.656)

1
2- (xraw/exhdry - xint/exhdry) — XH2exhdry + 2" XNH3exhdry + XNO2exhdry

XHcombdry = 1
5 +p+w
Eqg. 1065.656-9 (see Table 2 of § 1065.656)
1
Xint/exhdry = T()Zt
in

3
. (2 o 2 (p) " XHcombdry ~ XHzexhdry ~ 5 * ¥NH3exhdry + XNoexhdry + 2
' XNOZexhdry)
Eqg. 1065.656-10
X — XNH3meas
NH3exhdry 1- XH20NH3meas
Eq. 1065.656-11
XNOmeas

x =
NOexhdry 1- XH20NOmeas

Eq. 1065.656-12

XNO2meas

X =
NOZexhdry 1- XH20NO2meas

Eq. 1065.656-13

X02meas

x =
Ozexhdry 1- XH2002meas
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Eq. 1065.656-14 (see Table 2 of § 1065.656)

. 14x 1 + Xn204ildry "
raw/exhdry H20exhdry 0.209820 — xCOZdildry 02exhdry

Eq. 1065.656-15 (see Table 2 of § 1065.656)
1 ¢ w 1 1 1

Xraw/exhdry = (Z + E + 5) " XHcombdry + E " XH2exhdry — 4 XNH3exhdry — 2 XNO2exhdry

+ Xint/exhdry
Eg. 1065.656-16 (see Table 2 of § 1065.656)

__ Xcozint
Xcozintdry = 1 x

— XH20int
Eg. 1065.656-17
XH20int

XH20intdry =
1 = Xn20in
t

Eq. 1065.656-18
0209820 - XCozintdry

1+ XH20intdry
Eg. 1065.656-19

X02int =

_ Xcozdil
Xcozdildry = 1 x "
H20di
Eq. 1065.656-20
X _ XH20dil
H20dildry = 77—
— XH20dil

Eq. 1065.656-21

(5) Depending on your measurements, use the equations and guess the quantities specified in
Table 2 of this section:

Table 2 of § 1065.656—Chemical Balance Equations for Different Measurements
When measuring... gGuess... Cealculate...

(A) XH2exhdry USing Eq. 1065.656-4
(B) XH20exhdry Using Eq. 1065.656-6
(1) Xo2meas and XH2omeas | Xint/exhdry @Nd XHzexhdry | (C) XHcombdry USiNg Eq. 1065.656-8
(D) X0O2exhdry usinq Eq. 1065.656-14
(E) Xrawrexhdry USing Eq. 1065.656-15
(A) XHzexhdry USING Eq. 1065.656-3
(B) XH20exhdry Using Eq. 1065.656-7
(i1) Xo2meas aNd XH2meas Xint/exhdry @Nd XH20exhdry | (C) XHcombdry USING Eq. 1065.656-9
(D) Xozexhdry Using Eq. 1065.656-14
(E) Xrawrexhdry USing Eq. 1065.656-15
(A) XHzexhdry USING Eq. 1065.656-3
(B) XH20exhdry Using Eq. 1065.656-6
(C) XHcombdry Using Eg. 1065.656-8
(D) Xrawfexhdry USing Eq. 1065.656-16

(iii) XH20meas aNd XH2meas Xint/exhdry and Xdil/exhdry

(d) Mass fractions of fuel. Determine the mass fractions of fuel, wn, wc, wo, and wn, based on
the fuel properties as determined in paragraph (e) of this section, optionally accounting for diesel
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exhaust fluid’s contribution to z, ¢, and w, or other fluids injected into the exhaust, if applicable
(for example, the engine is equipped with an emission control system that utilizes DEF).
Calculate wn, we, wo, and wn using the following equations:

1 " MH
1-Myg+t-Mc+¢@- Mo+ w- My
Eg. 1065.656-22

Wy

. T'MC
" 1-Mg+T-Mc+ @ Mo+ w- My
Eq. 1065.656-23

Wc

_ @ Mo
1MH+TMc+(pM0+Cl)MN
Eq. 1065.656-24

Wo

i (U'MN
1-Myg+T-Mc+ @ Mo+ w- My
Eq. 1065.656-25

WN

Where:

wH = hydrogen mass fraction of the fuel (or mixture of test fuels) and any injected fluids.
wc = carbon mass fraction of the fuel (or mixture of test fuels) and any injected fluids.
wo = oxygen mass fraction of the fuel (or mixture of test fuels) and any injected fluids.
wn = nitrogen mass fraction of the fuel (or mixture of test fuels) and any injected fluids.
Mun = molar mass of hydrogen.

r = atomic carbon-to- hydrogen ratio of the fuel (or mixture of test fuels) and any injected
fluids.

Mc = molar mass of carbon.

¢ = atomic oxygen-to-hydrogen ratio of the fuel (or mixture of test fuels) and any injected
fluids.

Mo = molar mass of oxygen.

w = atomic sulfur-to-hydrogen ratio of the fuel (or mixture of test fuels) and any injected
fluids.

Mn = molar mass of nitrogen.

(e) Fuel and diesel exhaust fluid composition. Determine fuel and diesel exhaust fluid
composition represented by 7, ¢, and w, as described in this paragraph (e). When using measured
fuel or diesel exhaust fluid properties, you must determine values for z, ¢, and w in all cases. If
you determine compositions based on measured values and the default value listed in Table 3 of
this section is zero, you may set z, ¢, and w to zero; otherwise determine z, ¢, and w based on
measured values. Determine elemental mass fractions and values for z, ¢, and w as follows:
(1) For fuel and diesel exhaust fluid, use the default values for z, ¢, and w in Table 3 of this
section, or use good engineering judgment to determine those values based on measurement.
(2) For nonconstant fuel mixtures, you must account for the varying proportions of the
different fuels. This paragraph (e)(2) generally applies for dual-fuel and flexible-fuel
engines, but it also applies if diesel exhaust fluid is injected in a way that is not strictly
proportional to fuel flow. Account for these varying concentrations either with a batch
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measurement that provides averaged values to represent the test interval, or by analyzing data
from continuous mass rate measurements. Application of average values from a batch
measurement generally applies to situations where one fluid is a minor component of the
total fuel mixture; consistent with good engineering judgment.
(4) Calculate 7, @, and w using the following equations:
_ My Xy we
Mc ¥, m; - wy;
Eq. 1065.656-26
_ My Bymiy - wo
Mo X7 1y - wy;
Eq. 1065.656-27
_ My iy wy
MN 2]N=1 m] ' WHj
Eq. 1065.656-28

T

Where:

N = total number of fuels and injected fluids over the duty cycle.

| = an indexing variable that represents one fuel or injected fluid, starting with j = 1.

m; = the mass flow rate of the fuel or any injected fluid j. For applications using a single
fuel and no DEF fluid, set this value to 1. For batch measurements, divide the total mass
of fuel over the test interval duration to determine a mass rate.

whj = hydrogen mass fraction of fuel or any injected fluid j.

wcj = carbon mass fraction of fuel or any injected fluid j.

Woj = oxygen mass fraction of fuel or any injected fluid j.

Wnj = nitrogen mass fraction of fuel or any injected fluid j.

(4) Table 3 follows:
Table 3 of § 1065.656—Default VValues of z, ¢, and

L. Atomic carbon, oxygen, and
Fuel or injected - -
fluid nitrogen-to-hydrogen ratios
E— HCrOpNw
Hydrogen HCoOoNo
Ammonia HCoOoNo.333
Diesel exhaust HCo.05600.444No.112
fluid

(f) Calculated raw exhaust molar flow rate from measured intake air molar flow rate or fuel
mass flow rate. You may calculate the raw exhaust molar flow rate from which you sampled
emissions, 1.y, based on the measured intake air molar flow rate, n;,,, or the measured fuel
mass flow rate, m,.;, and the values calculated using the chemical balance in paragraph (c) of
this section. The chemical balance must be based on raw exhaust gas concentrations. Solve for
the chemical balance in paragraph (c) of this section at the same frequency that you update and
record n;,, Or 1, . FOr laboratory tests, calculating raw exhaust molar flow rate using measured
fuel mass flow rate is valid only for steady-state testing. See 8§ 1065.915(d)(5)(iv) for application

to field testing.
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(1) Crankcase flow rate. If engines are not subject to crankcase controls under the standard-
setting part, you may calculate raw exhaust flow based on 7, or 114, USing one of the
following:
(i) You may measure flow rate through the crankcase vent and subtract it from the
calculated exhaust flow.
(i1) You may estimate flow rate through the crankcase vent by engineering analysis as
long as the uncertainty in your calculation does not adversely affect your ability to show
that your engines comply with applicable emission standards.
(iii) You may assume your crankcase vent flow rate is zero.
(2) Intake air molar flow rate calculation. Calculate n.,;, based on ;. using the following

equation:

n _ flint
h =
- <1 + (xint/exhdry B xraw/exhdry))
(1 + xHZOexhdry)
Eq. 1065.656-29
Where:

Neyn = raw exhaust molar flow rate from which you measured emissions.
Ny, = intake air molar flow rate including humidity in intake air.

Example:
Nipe = 3.780 mol/s

Xint/exhdry = 0.69021 mol/mol
Xraw/exhdry = 1.10764 mol/mol
XH20exhdry = 107.64 mmol/mol = 0.10764 mol/mol
) 3.780
Mlexh = (060021 — 1.10764)
( A1 010764) )
Ny = 6.066 mol/s

(3) Fluid mass flow rate calculation. This calculation may be used only for steady-state
laboratory testing. See 8 1065.915(d)(5)(iv) for application to field testing. Calculate 71y,
based on m; using the following equation:

N
. _ 1+ XH20exhdry .
Nexh = T/ My Wy,

My - XHcombdry

Eg. 1065.656-30

Where:

Neyn = raw exhaust molar flow rate from which you measured emissions.

| = an indexing variable that represents one fuel or injected fluid, starting with j = 1.
N = total number of fuels and injected fluids over the duty cycle.

mh; = the mass flow rate of the fuel or any injected fluid j.

whrj = hydrogen mass fraction of the fuel and any injected fluid j.

j=1

Example:
XH20exhdry1l = 107.64 mmol/mol = 0.10764 mol/mol

Mn = 1.00794 g/mol
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Xcecombdryt = 99.87 mmol/mol = 0.09987 mol/mol
m, = 7.559 g/s

wh1 = 0.07293 g/g

N=1

=1

1+ 0.10764

exh = 1700794 - 0.09987
Ny = 6.066 mol/s

-7.559-0.07293

(a) Calculated raw exhaust molar flow rate from measured intake air molar flow rate, dilute
exhaust molar flow rate, and dilute chemical balance. You may calculate the raw exhaust molar
flow rate, n.,,, based on the measured intake air molar flow rate, n;,,;, the measured dilute
exhaust molar flow rate, 14.4. and the values calculated using the chemical balance in paragraph
(c) of this section. Note that the chemical balance must be based on dilute exhaust gas
concentrations. For continuous-flow calculations, solve for the chemical balance in paragraph
(c) of this section at the same frequency that you update and record 71, and 1 gexp. This
calculated 114.,, may be used for the PM dilution ratio verification in 8 1065.546; the calculation
of dilution air molar flow rate in the background correction in 8 1065.667; and the calculation of
mass of emissions in 8 1065.650(c) for species that are measured in the raw exhaust.
(1) Crankcase flow rate. If engines are not subject to crankcase controls under the standard-
setting part, calculate raw exhaust flow as described in paragraph (f)(1) of this section.
(2) Dilute exhaust and intake air molar flow rate calculation. Calculate 7., as follows:
Nexh = (xraw/exhdry - xint/exhdry) (1- xHZOeXh) *Ngexh T Nint
Eqg. 1065.656-31
Example:
Nipe = 7.930 mol/s
Xraw/exhdry = 0.1544 mol/mol
Xint/exhdry = 0.1451 mol/mol
XH20exh = 32.46 mmol/mol = 0.03246 mol/mol
Ngexnh = 49.02 mol/s
Negn = (0.1544 — 0.1451) - (1 — 0.03246) - 49.02 + 7.930 = 0.4411 + 7.930 = 8.371 mol/s

124.  Amend § 1065.660 by revising paragraphs (b)(2) and (3) introductory text, (c)(1)(ii) and
(2) introductory text, (d), and (e) to read as follows:

8 1065.660 THC, NMHC, NMNEHC, CH4, and C,Hs determination.

* * * * *

(b) * * *
(2) For a nonmethane cutter (NMC)s, calculate xnvrc using the renmethane-cutterNMC’s
penetration fractions, response factors, and/or combined penetration fractions and response

factors as described inmethane-penetration-fraction,PFcHapnme-ripi-and-the-ethane-respense
factorpenetrationfraction REPFcanspuvc-riofrom § 1065.365, the THC FID’s methane

CHa response factor, RFcHartHe-Fip), from § 1065.360, the initial THC contamination and dry-
to-wet corrected THC concentration, XtHc[THc-FIDIcor, @S determined in paragraph (a) of this
section, and the dry-to-wet corrected CHamethane concentration, XTHc[NMc-FIDIcor, Optionally
corrected for initial THC contamination as determined in paragraph (a) of this section.
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(i)
wa!eepeeneen#aﬂen—use—Eq—l@@é—é@Q#@%heme—uUse the foIIowmg equatlon for

penetration-fractions-determined-using-an NMC configuredation as euthined-described in
8§ 1065.365(d):

_ XtHc[THC-FIDJcor * REPFenaiNMc—FID] — XTHCINMC-FIDJcor * RFCHA[THC-FID]

X
NMHC = RFPFCH‘}[NMC—FID]_} RFPFC2H6[NMC-FID] RFCH4-[THC-FID]

Eq. 1065.660-2

Where:

XnmHc = concentration of NMHC.

XTHC[THC-FIDJcor = cOncentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
XTHC[NMC-FIDJcor = concentration of THC, initial THC contamination (optional) and dry-
to-wet corrected, as measured by the NMC FID during sampling through the NMC.
RFcrartHe-FiD) = response factor of THC FID to CHa, according to § 1065.360(d).
RFPFcaneinmve-FiD) = Aepmethane-cutterNMC combined CoHeethane response factor
and penetration fraction, according to § 1065.365(d).

REPFEcHanvc-rip) = NMC combined CHa response factor and penetration fraction,
according to 8 1065.365(d).

Example:

XTHC[THC-FID]cor = 150.3 pmol/mol
XTHCINMC-FID]Jcor = 20.5 pmol/mol
RFPFcansinmve-rip) = 0.019
REPFchHanmc-Fip] = 1.000

RFcHatHe-FiD) = 1.05
150.3 — 20.5 - 1.05

XNMHC = 71770019 - 1.05
XNmHc = 131.4 pmol/mol

(i) Use the following equation for penetration fractions determined using an NMC
configuration as outlined in § 1065.365(e):

XTHC[THC-FID]cor * P FCHAINMC-FID] — XTHC[NMC-FID]cor

XNMHC =

Eq. 1065.660-3

Where:

XNMHC = concentration of NMHC.

XTHC[THC-FIDJcor = concentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
PFcranme-FiD) = nenmethane-cutterNMC CH4 penetration fraction, according to

§ 1065.365(e).

XTHC[NMC-FIDJcor = concentration of THC, initial THC contamination (optional) and
dry-to-wet corrected, as measured by the THC FID during sampling through the
NMC.

PFcaHsinme-FiD] = RoRmethane-cutter-ethareNMC CoHs penetration fraction,
according to 8 1065.365(e).

PFcyanmc-rip] — PFcans[Nmc-FID]

Example:
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XTHC[THC-FIDJcor = 150.3 pmol/mol
PFcranme-FiD) = 0.990
XTHCINMC-FIDJcor = 20.5 pmol/mol

PFcansinme-Fipy = 0.020
150.3 - 0.990 — 20.5

ANMHC = 775990 — 0,020
XNmHC = 132.3 pmol/mol

(iii) Use the following equation for penetration-fractions-determined-using-an NMC
conflgureda%len as eu#med—descrlbed in 8 1065. 365(f)er—ﬁer—pe+49#aﬂen—fraeﬂens

eu%hned—%§%@65%65{d}

_ XrHc[THC-FID]cor * PFcHaiNMc-FID] — XTHC[NMC-FID]cor * RFcha[THC-FID]

x
NMHC ™ PFcyanmc-rip) — RFPFeansnmc-Fip) * REcHalTHC-FID]

Eq. 1065.660-4

Where:

XnmHc = concentration of NMHC.

XTHC[THC-FIDJcor = concentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
PFcHainme-rip) = renmethaneeutterfNMC CH4 penetration fraction, according to

§ 1065.365(f).

XTHCINMC-FIDJcor = concentration of THC, initial THC contamination (optional) and dry-
to-wet corrected, as measured by the THC FID during sampling through the NMC.
RFPFc2neinmve-FiD) = Aepmethane-eutter- CH4NMC combined CoHs ethane-response
factor and penetration fraction, according to § 1065.365(f).

RFchatHe-Fip) = response factor of THC FID to CHa, according to § 1065.360(d).

Example:
XTHC[THC-FIDJcor = 150.3 umol/mol
PFcHanme-Fip) = 0.990
XTHCINMC-FIDJcor = 20.5 pmol/mol
RFPFcansinme-Fip1 = 0.019
RFcHaTHe-rip) = 0.980
150.3-0.990 — 20.5 - 0.980
NMHC = 770 990 — 0.019 - 0.980
XNMmHc = 132.5 pmol/mol
(3) For a GC-FID or FTIR, calculate xnmHc using the THC analyzer’s methane-CHa response
factor, RFcHarthe-Fip), from 8 1065.360, and the initial THC contamination and dry-to-wet
corrected THC concentration, XTHc[THc-FIDIcor, @S determined in paragraph (a) of this section
as follows:
* * * * *
(C) * * *
(1) * * *
(i) If the content of your fuel test contains at least 0.010 mol/mol of ethaneC2Hs, you
may omit the calculation of NMNEHC concentration and calculate the mass of
NMNEHC as described in 8§ 1065.650(c)(6)(ii).
(2) For a GC-FID, NMC FID, or FTIR, calculate xnmnerc using the THC analyzer’s
CHumethane response factor, RFcrartre-Fip), and CoHeethane response factor, RFcaHe[THC-FID],
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*

from § 1065.360, the initial contamination and dry-to-wet corrected THC concentration,
XTHC[THC-FID]cor, @S determined in paragraph (a) of this section, the dry-to-wet corrected
methane-CHa concentration, XcrHs, as determined in paragraph (d) of this section, and the dry-
to-wet corrected CoHeethane concentration, XczHs, as determined in paragraph (e) of this
section as follows:

* * * *

(d) CH4 determination. Use one of the following methods to determine methane (CHa)
concentration, XcHa:

(1) For a nonmethane cutter (NMC)s, calculate xcH4 using the ronmethane-cutterNMC’s
methane-penetration fractions, PFcrapmec-riny-and-the-ethane-response factors, and/or
combined penetration fraction-RFPFcarspumc-rio—froms and response factors as described in
8 1065.365, the THC FID’s CHamethane response factor, RFcrhartHe-Fipy, from § 1065.360,
the initial THC contamination and dry-to-wet corrected THC concentration, XTHc[THC-FID]cor,
as determined in paragraph (a) of this section, and the dry-to-wet corrected CHamethane
concentration, xTHcnme-Fibicor, Optionally corrected for initial THC contamination as
determined in paragraph (a) of thls sectlon

(i) Hy 2
Wemaeen#aﬂen—use%q—l@@é—é@@%—@%hewse—wse the foIIowmg equatlon for

penetration-fractions-determined-using-an NMC configuredation as euthined-described in
8§ 1065.365(d):

XTHC[NMC-FID]cor — XTHC[THC-FID]cor * REPFcan6[NMC-FID]

XcH4 =
f REPFeyanmc-rin)* — RFPFeanenvc-rip) - RFcHapTHC-FID)

Eq. 1065.660-9

Where:

XcHa = concentration of CHa.

XTHC[NMC-FIDJcor = concentration of THC, initial THC contamination (optional) and
dry-to-wet corrected, as measured by the NMC FID during sampling through the
NMC.

XTHC[THC-FIDJcor = concentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
RFPFc2nenmve-rip) = the-NMC combined ethane-CoHs response factor and penetration
fraction-ef-the-nenmethane-cutter, according to 8§ 1065.365(d).

RFcHartHe-FiD) = response factor of THC FID to CHa, according to 8 1065.360(d).
REPFEcHanvc-rip) = NMC combined CH4 response factor and penetration fraction,
according to 8 1065.365(d).

Example:

XTHCINMC-FID]cor = 10.4 pmol/mol
XTHC[THC-FIDJcor = 150.3 umol/mol
RFPFcansinmve-rip) = 0.019
REPFchHanmc-Fip] = 1.000

RFcHatHe-FiD) = 1.05
10.4 — 150.3 - 0.019

XCH4 = 710019 - 1.05
XcHa = 7.69 pmol/mol
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(ii) Use the following equation for penetration-fractions-determined-using-an NMC
configuredatien as eutlined-described in § 1065.365(e):

XTHC[NMC-FID]cor — XTHC[THC-FID]cor * P Fc2H6[NMC-FID]

XcH4 =
RFch4[THC-FID] * (P Fenanmerip) — P FC2H6[NMC-FID])

Eq. 1065.660-10

Where:

XcHa = concentration of CHa.

XTHC[NMC-FIDJcor = cOncentration of THC, initial THC contamination (optional) and
dry-to-wet corrected, as measured by the NMC FID during sampling through the
NMC.

XTHC[THC-FIDJcor = cONncentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
PFcaneinve-FiD] = Repmethane-cutter-ethaneNMC CoHe penetration fraction,
according to § 1065.365(e).

RFcHartHe-FiD) = response factor of THC FID to CHa, according to § 1065.360(d).
PFchanvc-rip] = ropmethane-cutterNMC CHa penetration fraction, according to
8§ 1065.365(e).

Example:

XTHC[NMC-FIDJcor = 10.4 pmol/mol
XTHC[THC-FIDJcor = 150.3 pmol/mol
PFcansinmve-Fip1 = 0.020
RFcHartHe-FiD) = 1.05

PFcranme-FiD) = 0.990
10.4 — 150.3 - 0.020

XCHe = 7705.(0.990 — 0.020)
XcHa = 7.25 pmol/mol

(iii) Use the following equation for penetration-fractions-determined-using-an NMC
conflguredanen as eufelmedrdescrlbed in § 1065. 365(f)ﬁpfeppene%rane¥mcaenens

eu%lined—i&§ 4:965%65{91}:

XTHC[NMC-FID]cor — XTHC[THC-FID]cor * RFPFc2n6[NMC-FID]

x =
et PFcuainme-rip] — RFPFcanenvc-Fip) - RFcHapTHC-FID)

Eq. 1065.660-11

Where:

XcHa = concentration of CHa.

XTHC[NMC-FIDJcor = cOncentration of THC, initial THC contamination (optional) and
dry-to-wet corrected, as measured by the NMC FID during sampling through the
NMC.

XTHC[THC-FIDJcor = concentration of THC, initial THC contamination and dry-to-wet
corrected, as measured by the THC FID during sampling while bypassing the NMC.
RFPFczrsinme-FiD) = the combined CoHeethane response factor and penetration
fraction of the nenmethane-cutterNMC, according to 8 1065.365(f).
PFcranme-rip) = Renmethane-cutterNMC CH4 penetration fraction, according to
8§ 1065.365(f).
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RFcHartHe-Fip) = response factor of THC FID to CHa, according to 8 1065.360(d).

Example:

XTHCINMC-FIDJcor = 10.4 pmol/mol
XTHC[THC-FID]cor = 150.3 pmol/mol
RFPFcansinmve-riD) = 0.019
PFcranme-rip) = 0.990

RFcHartHe-FiD) = 1.05
10.4 — 150.3 - 0.019

XCH4 = 9990 — 0.019 - 1.05
XcHa = 7.78 pmol/mol

(2) For a GC-FID or FTIR, xcHa is the actual dry-to-wet corrected methane-CHa
concentration as measured by the analyzer.
(e) C2He determination. For a GC-FID or FTIR, xczws is the Ci-equivalent, dry-to-wet corrected
ethane-CoHs concentration as measured by the analyzer.

125. Amend 8§ 1065.670 by revising paragraphs (a) introductory text and (b) introductory text
to read as follows:

8§ 1065.670 NOy intake-air humidity and temperature corrections.
* * * * *
(a) For compression-ignition engines_ operating on carbon-containing fuels and lean-burn
combustion engines operating on fuels other than carbon-containing fuels, correct for intake-air
humidity using the following equation:
* * * * *
(b) For spark-ignition engines_operating on carbon-containing fuels and stoichiometric
combustion engines operating on fuels other than carbon-containing fuels, correct for intake-air
humidity using the following equation:

*

* * * *

Subpart H—Engine Fluids, Test Fuels, Analytical Gases and Other Calibration Standards

126. Amend § 1065.750 by revising paragraph (a)(1)(ii) and adding paragraph (2)(6) to read as
follows:

§ 1065.750 Analytical gases.

* * * * *

(a) * * *
(1) * * *
(if) Contamination as specified in the following table:
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Table 1 of § 1065.750—-General Specifications for Purified Gases?

Constituent Purified Air Purified N2
THC (Ci-equivalent) < 0.05 umol/mol < 0.05 umol/mol
CO <1 umol/mol <1 umol/mol
CO2 < 10 umol/mol < 10 umol/mol
02 0.205 to 0.215 mol/mol <2 umol/mol
NOx <0.02 pmol/mol <0.02 pmol/mol
N20P < 0.02 umol/mol < 0.02 umol/mol
Ho2° <1 pmol/mol <1 pmol/mol
NH3d < 1 umol/mol < 1 umol/mol
H20° <5 umol/mol <5 umol/mol

@We do not require these levels of purity to be NIST-traceable.
bThe N2O limit applies only if the standard-setting part requires you to report N2O or certify to an N2O standard.
“The H2 limit only applies for testing with H> fuel.
9The NHs limit only applies for testing with NHs fuel.
€The H»0 limit only applies for water measurement according to § 1065.257.
* * * *
(6) If you measure H20 using an FTIR analyzer, generate H20 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 FTIR analyzer. Design your system so the wall temperatures in the transfer
lines, fittings, and valves from the point where the mole fraction of H20 in the humidified
calibration gas, xHezoref, IS 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 FTIR, 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 in 8 1065.1010) to verify that the amount of H20 in the
calibration gas, XHzoref, is determined within +3 % uncertainty, Uxnzo. If the humidity
generator requires assembly before use, after assembly follow the instrument manufacturer’s
instructions to check for leaks. You may generate the H20O calibration gas using one of the
following options:
(i) Bubble gas that meets the requirements of paragraph (a)(1) of this section through
distilled H20 in a sealed vessel. Adjust the amount of H20 in the calibration gas by
changing the temperature of the H20 in the sealed vessel. Determine absolute pressure,
pabs, and dewpoint, Tdew, Of the humidified gas leaving the sealed vessel. Calculate the
amount of H20 in the calibration gas as described in § 1065.645(a) and (b). Calculate the
uncertainty of the amount of H20 in the calibration gas, Uxn20, using the following

equations:
273.16
0XH20 6790.241 + 2.961487 - 10

4.76955-(1—m) 5.028

= XH20 2
aTdew Tdew Tdew

+ 2.423229

T ew
-1073 - 10_8'2969'(27d3.16_1)

Eq. 1065.750-1
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0Xpz0 _ _1. XH20

apabs Pabs
Eq. 1065.750-2

0XH20 2 0XH20
= (G20, + (21
XH20 \/( apabs Pabs + aTdew Tdew

Eq. 1065.750-3

2

Where:

Tdew= Saturation temperature of water at measured conditions.

Ur,..,=€xpanded uncertainty (k = 2) of the measured saturation temperature of water
at measured conditions.

pabs = Wet static absolute pressure at the location of the dewpoint measurement.

Uppe = expanded uncertainty (k = 2) of the wet static absolute pressure at the
location of the dewpoint measurement.
Z;ﬂ = partial derivative of Xxnz0 with respect to Tdew.
dew
‘;’;ﬂ = partial derivative of xH20 with respect to pabs.
abs

XH20 = amount of water in the calibration gas.

Uxy,0-=€Xpanded uncertainty (k = 2) of the amount of H20 in the calibration gas.

Example:
Tgew=39.5°C =312.65 K

Ur,,., =0.390292 K
Pabs = 99.980 kPa
U, _=1.15340 kPa

Pabs

Using Eg. 1065.645-1,
Xy20.=0.0718436 mol/mol

0x
Z"H20 _ 10718436
aYheW' 273.16
6790.241 + 2.961487 - 10*7°55(1-512%3)  5.028 \ 2423929
312.652 312,65 -
312.65
105 - 10—8.2969-(m—1)

ax

120 — 0.00384409 (mol/mol)/K
aTdew
Oxuzo _ . 0.0718436
0D b 99.980
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)
9YH20 _ _ 000718580 (mol/mol) /kPa

apabs

U

XH20

= \/(—0.000718580 +1.15340)2 4 (0.00384409 - 0.390292)2

U =0.00171402 mol/mol

XH20

(i) Use a device that introduces a measured flow of distilled H20 as vapor into a
measured flow of gas that meets the requirements of paragraph (a)(1) of this section.
Determine the molar flows of gas and H20 that are mixed to generate the calibration gas.

(A) Calculate the amount of H20 in the calibration gas as follows:
Ny20

XH20 = = | -
ngas + NH20

Eq. 1065.750-4

(B) Calculate the uncertainty of the amount of H20 in the generated calibration gas,
Uxn20, Using the following equations:
X120 -1 Ny20

ahgas (flgas + nHZO)Z
Eq. 1065.750-5

aXHZO _ flgas

2 . . 2
anHZO (ngas + nHZO)
Eq. 1065.750-6

0x120 ’ 0x120 ?
Utzo - \/<aflgas ’ Uﬁgas) + (atho ’ UﬁHzO)

Eq. 1065.750-7

Where:
Tgas = Molar flow of gas entering the humidity generator.

Uhgas = expanded uncertainty (k=2) of the molar flow of gas entering the

humidity generator.
Ny,0_= Mmolar flow of H20 entering the humidity generator, mol/s.

Uny,o-=€Xpanded uncertainty (k=2) of the molar flow of H20 entering the
humidity generator.

92420 — partjal derivative of xu20 with respect to Ngas:

Ongas

9120 - partial derivative of xw20 with respect to NH20-

0nHz0

Xy20.=amount of H20 in the calibration gas.

Uyg,p,0-=€Xpanded uncertainty (k=2) of the amount of H2O in the generated

calibration gas.
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(C) The following example is a solution for Uy ., using the equations in paragraph
(c)(6)(B) of this section:

Np20.=0.00138771 mol/s

Upg,,=0.000226137 mol/s

Tgas = 0.0148680 mol/s
Us.....=0.0000207436 mol/s

H20

- 0.00138771
*H20 = 30148680 + 0.00138771

Xny20_=0.0853676 mol/mol

X120 0.00138771

=—1-
0Ngas (0.0148680 + 0.00138771 )?

0Xu20
——— = —5.25155 (mol/mol)/(mol/s)
0Ngas
0Xuz0 0.0148680
00 (0.0148680 + 0.00138771 )2
0xH20
- = 56.2653 (mol/mol)/(mol/s)
020
Ugyro = \/(—5.25155 -0.000226137)? + (56.2653 - 0.0000207436)2
Ugyy,0-=0.00166510 mol/mol

* * * * *

Subpart K—Definitions and Other Reference Information

127.  Amend § 1065.1001 by:

a. Adding definitions of “Carbon-containing fuel”, “Lean-burn engine”, and “Neat” in
alphabetical order.

b. Revising the definition for “Rechargeable Energy Storage System (RESS)”.

The additions and revisions read as follows:

§ 1065.1001 Definitions.

* * * * *

Carbon-containing fuel means an engine fuel that is characterized by compounds containing
carbon. For example, gasoline, diesel, alcohol, liguefied petroleum gas, and natural gas are

carbon-containing fuels.
* * * * *
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Lean-burn engine means an engine with a nominal air fuel ratio substantially leaner than
stoichiometric. For example, diesel-fueled engines are typically lean-burn engines, and gasoline-
fueled engines are lean-burn engines if they have an air-to-fuel mass ratio above 14.7:1.

* * * * *

Neat means fuel that is free from mixture or dilution with other fuels. For example, hydrogen or
natural gas fuel used without diesel pilot fuel are neat.

* * * * *

Rechargeable Energy Storage System (RESS) means engine or equipment the-components efa
hybrid-engine-or-vehicle-that store recovered energy for later use to propel the vehicle or
accomplish a different primary function. Examples of RESS include the battery system or a

hydraulic accumulator -sueh-as-the-battery-system-in a hybrid eleetrie-vehicle.

*

128. Amend 8§ 1065.1005 by revising the entry for Muwenc in Table 7 of paragraph (f)(2) to
read as follows:

§ 1065.1005 Symbols, abbreviations, acronyms, and units of measure.

* * * * *

(f) * * *
(2) * * *

TABLE 7 OF § 1065.1005—MOLAR MASSES
Symbol Quantity

g/mol
(103-kg-mol?)

ESE Sk S

effective C1 molar mass of nonmethane_-nonethane
hydrocarbon®

MNMNEHC 13.875389

Rk S

* * * * *

129. Amend § 1065.1010 by revising paragraphs (b)(40) and (f)(2) to read as follows:

§ 1065.1010 Incorporation by reference.

* * * * *

(b) * * *

(40) ASTM D6348-12¢1, Standard Test Method for Determination of Gaseous Compounds by
Extractive Direct Interface Fourier Transform Infrared (FTIR) Spectroscopy, approved February
1, 2012 (“ASTM D6348”), IBR approved for 88§ 1065.257(a), 1065.266(b) and 1065.275(b).

* *

* * *

(f) * * *
(2) NIST Technical Note 1297, 1994 Edition, Guidelines for Evaluating and Expressing the

Uncertainty of NIST Measurement Results, IBR approved for 88 1065.365(q), 1065.750(a)(6)
and 1065.1001.
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PART 1074—PREEMPTION OF STATE STANDARDS AND PROCEDURES FOR
WAIVER OF FEDERAL PREEMPTION FOR NONROAD ENGINES AND NONROAD

VEHICLES

130. The authority citation for part 1074 continues to read as follows:
Authority: 42 U.S.C. 7401-7671q.

131. Amend § 1074.10 by revising paragraph (b) and adding paragraph (c) to read as follows:

§ 1074.10 Scope of preemption.

* * * * *

(b) States and localities are preempted from adopting or enforcing standards or other
requirements relating to the control of emissions from new locomotives and new engines used in
locomotives.

(bc) For nonroad engines or vehicles other than those described in paragraph (a) and (b) of this
section-and-5-1074-12, States and localities are preempted from enforcing any standards or other
requirements relating to control of emissions from nonroad engines or vehicles except as
provided in subpart B of this part.

§ 1074.12—[Removed]
132. Remove § 1074.12.

133.  Amend § 1074.101 by revising paragraph (a) to read as follows:

8 1074.101 Procedures for California nonroad authorization requests.

(a) California must request authorization from the Administrator to enforce its adopted standards
and other requirements relating to control of emissions from nonroad engines or vehicles that are
not preempted by § 1074.10(a) or (b)§-1074-12. The request must include the record on which
the state rulemaking was based.

* * * * *
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