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ABSTRACT

This report documents the effects of renewable diesel on locomotive exhaust emissions. A total of
nine emissions tests were conducted on a 4500 horsepower (HP) US EPA Tier 3 GE ES44C4
locomotive using five different fuels or fuel blends. A randomized test matrix was used to
determine the test order of the first eight emissions tests, consisting of duplicate testing for each
of four specified fuel blends. A ninth test was added using fuel that met US EPA Certification fuel
standards for a baseline reference. Testing was conducted using the following fuel and fuel blends:

100% CARB Diesel

100% Renewable Diesel

50% CARB Diesel / 50% Renewable Diesel

50% CARB Diesel / 30% Renewable Diesel / 20% Biodiesel
100% US EPA Certification Diesel

The exhaust emission and fuel consumption results from this testing provide a better understanding

of the effects that various fuels and fuel mixtures have on locomotive emissions and fuel
consumption.
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EXECUTIVE SUMMARY
Background

California’s Low Carbon Fuel Standard is designed to decrease the carbon intensity of California's
transportation fuel pool and provide an increasing range of low-carbon and renewable alternatives,
which reduce petroleum dependency and achieve air quality benefits. It is important to understand
the effects these fuels have on vehicle emissions and fuel consumption. To determine how
renewable diesel affects locomotive emissions, locomotive exhaust emissions testing was
completed on various fuels and fuel mixtures at the Southwest Research Institute’s (SwRI)
Locomotive Technology Center (LTC) in June 2020.

Methods

Testing was conducted at the SWRI LTC on a 4,500 HP US EPA Tier 3 GE ES44C4 locomotive,
which was provided for testing by BNSF Railway.

The original CARB-funded project plan called for duplicate testing of CARB diesel, 100%
Renewable Diesel, and a 50/50 blend of the two fuels. Based on interest from Union Pacific
Railroad (UP), and BNSF Railway (BNSF), a blend of 50% CARB diesel, 30% Renewable, and
20% Biodiesel, was added to the test plan, with funding for the extra fuel blends and locomotive
tests covered by UP and BNSF.

The commercially available base fuels were acquired and mixed by SWRI into the required blends
for testing. The resulting fuels and fuel blends were then analyzed to determine their properties
and to verify that the fuel mixtures were correct. Once the fuel analysis results were completed
and approved, locomotive emissions testing began. Emissions testing was completed according to
Federal Test Procedure (FTP) as defined in Title 40 of the Code of Federal Regulations (CFR),
Part 1065 and Part 1033.

Carbon Intensity (CI) for the base fuels were provided by CARB and take into account the supplier
and associated feed stock for the fuels. A total of eight planned FTPs were conducted in a
randomized test matrix, with duplicate tests conducted on each of the first four fuel or fuel blends.
One additional test was added using EPA Certification Diesel fuel as defined in 40 CFR Part
1065.703 Table 1. This test was performed by SwWRI to provide a baseline for the test results back
to EPA certification levels, and for baseline fuel comparisons. Table ES-1 contains the test order,
the fuel blends utilized in this testing, and the CI for each test fuel.

Each test was completed using the same measurement equipment and was run at similar ambient
temperatures to minimize the effects that temperature has on locomotive emissions and fuel
consumption. No locomotive power deration was noted on any of the fuels tested in this project.

Results

The average results for each fuel blend over the EPA Linehaul cycle is shown in Tables ES-2.
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TABLE ES-1. TEST FUELS, TEST ORDER, AND CARBON INTENSITY

Carbon
Test# | Test Date | Test Fuel Designation Intensity,
gCO,e/MJ
1 6/4/2020 100% CARB Diesel C100 100.45
) 6/5/2020 50% CARB Diesel / 30% Renewable Diesel / C50R30B20 67.9
20% Biodiesel
3 6/8/2020 100% Renewable Diesel R100 35.7
4 6/9/2020 50% CARB Diesel / 50% Renewable Diesel C50R50 69.7
5 6/10/2020 | 100% Renewable Diesel R100 35.7
6 6/11/2020 | 50% CARB Diesel / 50% Renewable Diesel C50R50 69.7
7 6/12/2020 50% CARB Diesel / 30% Renewable Diesel / C50R30B20 67.9
20% Biodiesel
8 6/15/2020 | 100% CARB Diesel C100 100.45
9 6/17/2020 | US EPA Cert Diesel Cert -
TABLE ES-2. AVERAGE EPA LINEHAUL CYCLE RESULTS
Test BSFC VolFuel 1 pope | Bsco | BSNO. | BSCH, | BSPM | BSCO,
Fuel Consumption
[Ib/hp-hr] | [gal/MW-hr] [g/hp- [g/hp- [g/hp- [g/hp- [g/hp- [g/hp-
hr] hr] hr] hr] hr] hr]
US EPA Tier
3/FEL Limits NS NS 0.300 1.50 4.80 NS 0.090 NS
Cert 0.369 70.0 0.065 0.23 5.29 0.001 0.030 536.8
C100 0.363 69.5 0.068 0.23 4.87 0.001 0.031 521.5
C50R30B20 0.367 72.0 0.057 0.19 4.88 0.001 0.021 515.2
C50R50 0.358 70.8 0.060 0.21 4.74 0.001 0.025 512.7
R100 0.352 72.1 0.051 0.20 4.65 0.001 0.021 501.0
NS = No Standard
Discussion

Over the Linehaul cycle, as the percentage of Renewable Diesel increased in the fuel blends,
reductions were seen in emissions of Particulate Matter (PM), Oxides of Nitrogen (NOx), and
Carbon Dioxide (COy). Brake Specific Fuel consumption (BSFC) on a mass basis also showed a
decreasing trend with increased Renewable fuel content. However, due to the lower density of the
Renewable Diesel, volumetric fuel consumption generally got worse with increases in Renewable
Diesel content.

Testing showed notable reduction in PM emissions when using the C50R30B20, C50/R50, and
R100 fuel blends, compared to the other fuel mixtures tested. The increased NOx emissions

generally seen when operating on biodiesel were offset by the NOx reductions in the renewable
diesel, making the C50R30B20 fuel blend essentially NOx neutral with the C100 fuel.

Similar trends in locomotive emissions were noted over the EPA Switch cycle, though the

differences were more notable as the Renewable Diesel’s impact was more pronounced at the
lower load points. The following report provides further details on the results of this testing.
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1.0 INTRODUCTION

The information detailed in the following report is the result of emissions testing performed for
the California Air Resources Board (CARB), BNSF Railway Company (BNSF), and Union Pacific
Railroad (UPRR) by Southwest Research Institute (SWRI).

The emissions testing was performed at the SWRI Locomotive Technology Center (LTC) in San
Antonio, Texas.

This report includes the description of the locomotive tested, the test equipment and test fuels used,
the procedures followed, and the results of the emissions testing. These topics are discussed in
more detail in the following sections of the report.

2.0 TECHNICAL APPROACH

2.1 Test Engine

T .

FIGURE 1. TEST LOCOMOTIVE, BNSF 7934

Testing was performed using BNSF 7934, a 4500 HP Tier 3 GE ES44C4 locomotive. BNSF
provided the locomotive for testing and made arrangements to move it to San Antonio. The Tier
3 GEVO engines are equipped with high pressure common rail (HPCR) fuel injection systems.



The details of the test locomotive are listed in Table 1. The EPA useful life for this locomotive
engine is 33,750 MW-hrs, and BNSF 7934 had accumulated 21,852 MW-hrs at the time of testing,
or roughly 65 percent.

TABLE 1. TEST LOCOMOTIVE DETAILS

Road Number BNSF 7934
Manufacturer GE

Model ES44C4
EPA Tier 3

Loco Build Date 12/2014

Engine Build Date | 11/2014

Engine Model GEVOI12LDCI12
Engine SN G442140997
Locomotive SN 63016

Lifetime MW-hrs | 21,852

Lifetime Mileage | 625,296

2.2 Test Fuels

The original CARB-funded project plan called for duplicate testing of CARB diesel, 100%
Renewable Diesel, and a 50/50 blend of the two fuels. Based on interest from Union Pacific
Railroad (UP), and BNSF Railway (BNSF), a blend of 50% CARB diesel, 30% Renewable, and
20% Biodiesel, was added to the test plan, with funding for the extra fuel blends and locomotive
tests covered by UP and BNSF.

Procurement of the CARB diesel fuel turned out to be very challenging, as the goal was to obtain
commercially available fuel from California, but before it was blended with either Biodiesel or
Renewable Diesel. Ultimately, SWRI procured 2,500 gallons of CARB diesel fuel from the PBF
Energy refinery in Martinez, California.

Renewable Diesel was purchased from Renewable Energy Group, Inc. (REG), and was produced
at their Geismar, Louisiana biorefinery. This plant uses a wide variety of feedstocks to produce
approximately 75 million gallons of high-quality renewable diesel, renewable naphtha, and
renewable autogas annually. The largest feedstock components at the time the test fuel was
produced were likely animal fat (mostly beef tallow), used cooking oil (UCO), and distillers corn
oil (DCO). The most conservative approach for the Renewable Diesel carbon intensity (CI) would
be to assume it was made from 100% animal fat. SWRI purchased 2,200 gallons of Renewable
Diesel from REG.

Biodiesel was donated to the project by REG, and was produced at the Albert Lea, Minnesota plant
from a mixture of DCO and UCO. The REG Albert Lea plant has been in operation since 2005
with numerous upgrades over the years, including the addition of a distillation unit for the biodiesel
product in 2014. The original nameplate production volume for the plant was 30 MMGPY but its
current operating volume is more than 40 MMGPY. The exact CI of the biodiesel depends on the
feedstock mix at the time (per CARB methodology), but it generally less than 30 gCO»/MJ. The



most conservative approach would be to assume it is made from 100% DCO. REG provided 240
gallons of B100 to SwRI for this project.

The bulk CARB Diesel and Renewable were delivered to SWRI and transferred into temporary
4,000-gallon diesel tanks shown in Figure 2, that were steam-cleaned prior to use. The Neat
Biodiesel was provided in its own 330-gallon shipping tote. Before blending, detailed fuel
analyses of each fuel were performed by SwRI to make sure the fuels were as expected.
Specifically, we wanted to ensure that the CARB diesel did not contain any Biodiesel or
Renewable Diesel, and that the Renewable Diesel and Biodiesel were nearly 100 percent Bio
Carbon, per ASTM D6866-20, using radiocarbon analysis.

FIGURE 2. FUEL STORAGE TANKS

Fuel analyses results are summarized in Table 1. All fuel property testing was completed at SWRI,
with the exception of ASTM D6866-20 Bio-Carbon analysis, which was performed by Beta
Analytic Testing Laboratory in Glenvar Heights, Florida. The ASTM D6866-20 results for the
base fuels showed that the CARB diesel (C100) was 0.6 percent Bio Carbon, the Renewable Diesel
(R100) was 100 percent Bio Carbon, and the Biodiesel (B100) was 95.7 percent Bio Carbon. REG
reported that the small level (4.3 percent) of non-Bio Carbon was from the methanol used to
convert the fat/oil into FAME (fatty acid methyl esters) and was an expected result. SWRI provided
test results for the base fuels to CARB for review and approval prior to blending. SWRI received
CARB approval to blend, and the 550-gallon stainless steel totes shown in Figure 2 were used for
blending and storage of blended fuels.



Two fuel blends were prepared; a 50/50 volume mix of C100 and R100 (assigned a test code of
C50/R50), and a blend of 50 percent C100, 30 percent R100, and 20 percent B100, and assigned
the code C50/R30/B20.

Fuels were blended on a volumetric basis, using a volumetric flowmeter dispensing nozzle and
cross-checked with fuel level strapping charts for the 550-gallon totes. After the appropriate
amount of each fuel was added to each tote, they were mechanically mixed with a propeller-type
mixer powered by an air motor for 30-minutes each. Samples were then drawn from the blended
and mixed totes for blended fuel analyses. These results are also given in Table 2, along with
properties of the current batch of EPA Certification Diesel fuel (as defined in 40 CFR Part
1065.703 Table 1). The fuel properties were also used to verify that the fuel mixtures used in
testing were correctly blended. SwRI sent the fuel analysis results table, now updated with the
blended test fuel results, to CARB for review and approval to proceed with testing. CARB
approved the blended fuel results, and SwRI then proceeded with BNSF Railway to coordinate
delivery to the test locomotive.

TABLE 2. TEST FUEL PROPERTIES

ASTM C100 B100 R100 C50/R50 A C50R30B20A EPA Cert
Procedure Property Units
D240G BTUHeat BTU/Ib 18,792 17,186 20,297 20,020 15,560 15,652
D240N BTUHeat BTU/Ib 18,534 16,090 13,922 18,702 18,270 18,445
HHY BTU/gal 137,800 126,562 132,296 134,857 132,760 138,103
HHV % change from C100 e -8.2% -4 0% -2.1% -3.7% 0.2%
| LHV | BTU/gal 125,041 118 491 123,534 126,016 124,004 125,621
LHV % change from C100 e -8.2% -4 4% -2.3% -3.9% 0.4%
04052 AFl@GOF 37.94 28.69 49.45 43.58 42.31 36.40
SPGri@60F 0.835 0.883 0.782 0.808 0.814 0.843
Dens@15¢ g/ml 0.835 0.883 0.782 0.808 0.814 0.842
density Ib/gal 7.0 7.4 6.5 6.7 6.8 7.0
D445 40c Viscosty oSt 22 41 31 16 28 23
D4629 Nitrogen ppm 21.7 <1.0 <10 ND
Mitmass mass % 0.0022 0.0001 0.0000 ND
D4737A Cetane Index 453 NA 955 66.6 69.2 46.1
D47378 Cetane Index 451 NA 799 61.7 64.3 ND
D5186 Total Aromatics Mass¥ 9.1 NA 0.2 5.0 33 29.8
Mono Arom Mass% 86 NA 0.2 46 32 228
Poly Arom Mass% 05 NA ND 04 0.1 7.0
05291 CH Carbon Witk 85.92 76.96 84.96 85.90 83.96 36.46
Hydrogen wike 13.80 12.01 15.07 14.44 14.14 13.12
Oxygen Witk 0.28 11.03 -0.03 -0.34 1.90 0.42
H/C 1.95 1.89 2.15 2.00 2.01 181
05453 Sulfur ppm 22 16 <0.5 09 0.7 3.1
DE13 Cetane Number 48.1 51.9 =748 4.5 69.5 44.6
D86 PCorrlBP degF 3381 NA 2878 334.0 3447 3330
PCorrFBP degF 563.2 NA 611.8 631.5 653.4 653.0
PCorrD05 degF 3736 NA 4514 390.7 4059.0 382.0
PCorrD10 degF 3833 NA 502.6 411.7 4401 3993
PCorrD15 degF 3929 NA 522.4 4303 464.0 4125
PCorrD20 degF 4014 NA 533.0 4454 4838 4253
PCorrD30 degF 419 6 NA 543.2 4742 5147 446 8
PCorrD40 degF 4330 NA 548.8 4993 537.0 466.8
PCorrD50 degF 456.9 NA 553.5 520.7 552.7 485.6
PCorrD60 degF 4778 NA 556.9 537.4 564.9 5055
PCorrD70 degF 502.6 NA 560.7 550.8 575.7 527.8
PCorrD80 degF 5346 NA 565.5 562.6 588.2 554 6
PCorrD90 degF 583.3 NA 5725 578.7 609.2 595.4
PCorrD95 degF 628.1 NA 5859 606.7 632.6 6325
UCorRevd mlL 98.3 NA 97.6 97.3 97.9 97.8
UCorLoss mL 0.4 NA 11 11 0.6 08
D93 Flash degF 145.0 353.0 133.0 137.0 143.0 153.0
D976 Cetane Index 444 NA 775 63.2 64.3 46.2
EN14078 FAME volume % 0.3 100.0 <0.1 <0.1 185 0.1
DEB66-20 % Bio Carbon volume % 0.6 95.7 100 48.21 67 /57 /48 ND




The carbon intensity (CI) of the base fuels and fuel blends are summarized in Figure 3. The CI for
the base fuels were provided by CARB and take into account the supplier and associated feed stock
for the fuels'.
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FIGURE 3. CARBON INTENSITY OF THE LOCOMOTIVE TEST FUELS

23 Instrumentation and Data Acquisition

All emissions testing was performed at the SWRI Locomotive Technology Center. All tests were
conducted using the measurement equipment described below.

2.3.1 Fuel Measurements

Diesel fuel consumption was measured on a mass basis. The mass measuring device used by SWRI
is a Micro Motion® CMF-25. Before testing, the Micro-Motion calibration was verified and
compared to a calibrated scale. The Micro-Motion measures the makeup fuel supplied to a closed
loop system, which is kept at a constant pressure that supplies fuel to the locomotive lift pump.

The SwRI fuel cart is equipped with heat exchangers and a chilled water system to regulate the
fuel supply temperature to the locomotive at a target of 27°C (£6°C). The fuel supply temperature
is measured at the outlet of the fuel cart, just after the heat exchanger.

! CARB LCFS Pathway Table https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/current-
pathways_all.xlsx



https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/current-pathways_all.xlsx
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/current-pathways_all.xlsx

2.3.2 Power Measurements

Traction power is measured on the direct current (DC) electrical bus within the locomotive.
Voltage was measured directly, and current was measured using a DaniSense DS5000 current
transformer. The output of the DaniSense and the voltage were sent to a Yokogawa WT3000E
power analyzer.

Accessory power was measured at 3-phase AC output of thee auxiliary alternator. It was measured
using a pair of current transducers, direct voltage measurements, and the Yokogawa WT3000E
Power Analyzer.

Gross power was calculated using alternator efficiencies provided to SWRI by WABTEC.
2.3.3 [Emissions Measurements

Gaseous emissions were sampled from within an exhaust stack extension using a Horiba
MEXAT7100 emissions bench. A heated line was used to transfer the raw exhaust sample to the
emission instruments for analysis. Measured gaseous emissions included hydrocarbons (HC),
carbon monoxide (CO), carbon dioxide (CO), oxygen (0O7), oxides of nitrogen (NOx), and
methane (CHs). Measurements were taken for each discrete mode listed in the EPA locomotive
duty cycles.

Total hydrocarbon concentration in the raw exhaust was determined using a Horiba heated flame
ionization detector (HFID), calibrated on propane. NOx concentration in the raw exhaust was
measured with a heated chemiluminescent detector (HCLD). NOx correction factors for ambient
air humidity were applied as specified by EPA in 40CFR1065.670. Concentrations of CO and CO»
in the raw exhaust were determined by non-dispersive infrared (NDIR) instruments, and O>
concentrations were measured using a magneto-pneumatic analyzer. Raw exhaust methane (CHa)
concentration was measured using a non-methane cutter (NMC) and a dedicated heated flame
ionization detector (NMC-HFID) as outlined in 40CFR1065.365(d).

Particulate emissions were measured at each test point with a Sierra Instruments BG-3 Particulate
Partial-Flow Sampling System. This “mini-dilution tunnel” device employs a partial flow dilution
technique that can be characterized as the “split then dilute” technique, in which a portion of the
raw locomotive exhaust is “split” from the total flow and mixed with filtered air in a micro dilution
tunnel.

The Sierra BG-3 sampling system used a single ended probe facing upstream in the exhaust to
extract a fraction of the raw exhaust. The diluted exhaust was then pulled through a Sierra Heat-
Pak before being routed through a single 47 mm diameter TX40 sample filter. The Sierra Heat-
Pak is a heated enclosure (target temperature of 47°C) that contains a stainless-steel cyclonic
separator and a residence chamber. This is an optional BG-3 accessory offered by Sierra
Instruments as a tool for sampling under 40CFR1065 criteria. The BG-3 measured the dilution air
flow using a laminar flow element (LFE), and the total dilute sample was measured by a positive
displacement roots meter. The difference between the two measurements is defined as the raw



exhaust sample volume, which was used along with the filter mass increase and the calculated
engine exhaust flow rate to calculate the PM mass emission rate of the locomotive.

24 Common Test Parameters

During testing, the locomotive was provided with compressed air from an outside source,
such that the air compressor remained unloaded throughout the test. All auxiliary cab loads (such
as headlights, cab lights, and air conditioners) were turned off. The same measurement devices
were used during each test. The locomotive was self-loaded on its own grids.

2.5 Test Sequence

Upon delivery to SwRI, the locomotive was subject to an inbound inspection for obvious
mechanical or electrical problems. This inspection also consisted of recording part numbers and
serial numbers for key components (including photographs of the EPA compliance sticker and
EPA Engine Compliance tag).

Testing was done in accordance with the Federal Test Protocol (FTP), as defined by the Code of
Federal Regulations (CFR), Title 40, Part 1065 and Part 1033. A single FTP was run each day,
targeting similar ambient temperature conditions. In total, 9 individual tests were run over the
course of this project.

The test order of the first eight tests was generated randomly using Microsoft Excel. The order
and the date that each test was completed are listed in Table 3. FTP 9, which was run on US EPA
Certification Diesel, was not originally included in the test matrix and was therefore not included
in the randomized test matrix. It was added to the end of the project as a reference point, to put
the other tests into a common context.

TABLE 3. TEST FUELS AND TEST ORDER

Test# | Test Date | Test Fuel Designation

1 6/4/2020 | 100% CARB Diesel C100

2 6/5/2020 | 50% CARB Diesel / 30% Renewable Diesel / | CS0R30B20
20% Biodiesel

3 6/8/2020 100% Renewable Diesel R100

4 6/9/2020 | 50% CARB Diesel / 50% Renewable Diesel C50R50

5 6/10/2020 | 100% Renewable Diesel R100

6 6/11/2020 | 50% CARB Diesel / 50% Renewable Diesel C50R50

7 6/12/2020 | 50% CARB Diesel / 30% Renewable Diesel / | CS0R30B20
20% Biodiesel

8 6/15/2020 | 100% CARB Diesel C100

9 6/17/2020 | US EPA Cert Diesel Cert

SwRI utilizes a closed loop system for fuel measurement and temperature control. It is not possible
to fully drain this system when switching fuels due to issues with air entering the system so testing
was performed on the system before this project began to determine the time necessary to fully



purge the remaining fuel in the system. This was completed right at 2 minutes. When switching
fuels during this project, an extra minute was added to that purge time to make certain that all
previous fuel was purged from the system before the next test began.

2.6 Duty-Cycle Weighting Factors

The US EPA Linehaul and Switch duty-cycles were used to determine the fuel consumption values
reported in this project. Table 4 lists the EPA Linehaul duty-cycle weighting factors, and Table 5
lists the EPA Switch duty-cycle.

TABLE 4. LINEHAUL DUTY-CYCLE WEIGHTING FACTORS

Locomotive

Weighting
Notch factor, %
Notch 8 16.2
Notch 7 3.0
Notch 6 3.9
Notch 5 3.8
Notch 4 4.4
Notch 3 5.2
Notch 2 6.5
Notch 1 6.5
DB-2 (580 RPM) 12.5
Idle (300 RPM) 38.0
Total 100.0

TABLE 5. SWITCH DUTY-CYCLE WEIGHTING FACTORS

Locomotive

Weightin
Notch factfr, %g
Notch 8 0.8
Notch 7 0.2
Notch 6 1.5
Notch 5 3.6
Notch 4 3.6
Notch 3 5.8
Notch 2 12.3
Notch 1 12.4
DB-2 (580 RPM) | -
Idle (300 RPM) 59.8
Total 100.0




3.0 TEST RESULTS

This section includes emissions and fuel consumption results from all testing performed.
Detailed test summaries are given in Appendix A of this report.

3.1 Test Conditions
Ambient conditions have some influence on locomotive emissions, smoke opacity, and fuel
consumption. To minimize the impact of these effects, similar ambient temperatures were targeted

for each test. Engine intake air temperature, intake air humidity, and barometric pressure
throughout each test are shown in Figures 4-6 below.
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FIGURE 4. INTAKE AIR TEMPERATURES AT AIR FILTER INLET DURING EACH
TEST
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BAROMETRIC PRESSURE

105
—t—FTP 1

103 FTF 2

iy FTF 3
101 e TP 4
FTP 5

99 . . FTP 6

A

TP 7

7 m— TP 8

FTP S

BAROMETRIC PRESSURE [KPA]

95
IDLE DB2 1 2 3 4 5 4] 7 8

THROTTLE NOTCH

FIGURE 6. BAROMETRIC PRESSURE DURING EACH TEST

While similar ambient temperatures and barometric pressure were seen during each test, humidity
changes did occur. There was slightly higher humidity for FTP 4, and notably lower humidity for
FTPs 5-7. Note that, while humidity has a large effect on NOx emissions, correction factors for
ambient humidity are specified in 40 CFR Part 1065. All NOx reported herein are corrected for
ambient humidity.

3.2  Duty Cycle Weighted Emissions Results
The duty cycle results for each test run over the linehaul and switch cycles are listed in Tables 6
and 7, respectively. The average emissions test results for each fuel mixture are show in Tables 8

and 9.

TABLE 6. LINEHAUL CYCLE EMISSIONS RESULTS
BSHC BSCO BSNOx BSCH4 BSPM BSCO:

Test# Test Fuel [g/hp-hr]  [g/hp-hr]  [g/hp-hr]  [g/hp-hr] [g/hp-hr]  [g/hp-hr]
1 C100 0.068 0.24 4.85 0.000 0.033 521.3
2 C50R30B20 | 0.056 0.20 4.87 0.001 0.023 515.0
3 R100 0.051 0.21 4.58 0.001 0.024 504.1
4 C50R50 0.061 0.22 4.68 0.001 0.027 513.4
5 R100 0.051 0.18 4.72 0.001 0.018 497.9
6 C50R50 0.060 0.19 4.79 0.001 0.022 512.1
7 C50R30B20 | 0.058 0.18 4.89 0.001 0.020 515.4
8 C100 0.068 0.23 4.89 0.001 0.028 521.8
9 Cert 0.065 0.23 5.29 0.001 0.030 536.8
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TABLE 7. SWITCH CYCLE EMISSIONS RESULTS
BSHC BSCO BSNOx BSCH4 BSPM BSCO2

Test#  Test Fuel [g/hp-hr]  [g/hp-hr]  [g/hp-hr]  [g/hp-hr] [g/hp-hr]  [g/hp-hr]
1 C100 0.092 0.34 6.84 0.001 0.047 557.1
2 C50R30B20 | 0.073 0.28 6.70 0.002 0.030 550.1
3 R100 0.059 0.31 6.22 0.002 0.029 540.0
4 C50R50 0.077 0.33 6.44 0.002 0.033 553.4
5 R100 0.061 0.26 6.45 0.002 0.023 536.4
6 C50R50 0.077 0.29 6.55 0.002 0.029 549.7
7 C50R30B20 | 0.076 0.26 6.76 0.002 0.028 551.9
8 C100 0.092 0.34 6.88 0.002 0.035 562.7
9 Cert 0.096 0.35 7.60 0.002 0.041 597.7

TABLE 8. AVERAGE LINEHAUL CYCLE EMISSIONS RESULTS

BSHC BSCO BSNOx BSCH4 BSPM BSCO2
Test Fuel [g/hp-hr]  [g/hp-hr]  [g/hp-hr] [g/hp-hr] [g/hp-hr]  [g/hp-hr]
Cert 0.065 0.23 5.29 0.001 0.030 536.8
C100 0.068 0.23 4.87 0.001 0.031 521.5
C50R30B20 | 0.057 0.19 4.88 0.001 0.021 515.2
C50R50 0.060 0.21 4.74 0.001 0.025 512.7
R100 0.051 0.20 4.65 0.001 0.021 501.0

TABLE 9. AVERAGE SWITCH CYCLE EMISSIONS RESULTS
BSHC BSCO BSNOx BSCH4 BSPM BSCO2

Test Fuel [g/hp-hr]  [g/hp-hr]  [g/hp-hr]  [g/hp-hr] [g/hp-hr]  [g/hp-hr]
Cert 0.096 0.35 7.60 0.002 0.041 597.7
C100 0.092 0.34 6.86 0.002 0.041 559.9

C50R30B20 | 0.075 0.27 6.73 0.002 0.029 551.0
C50R50 0.077 0.31 6.49 0.002 0.031 551.5
R100 0.060 0.29 6.33 0.002 0.026 538.2

Using the test on the US EPA Certification fuel (Cert) as the baseline, Table 10 shows the percent
change for each emission. Negative numbers imply a reduction from the baseline in the given
emission, while a positive number is an increase.

TABLE 10. PERCENT CHANGE FROM BASELINE - LINEHAUL
BSHC BSCO BSNOx BSCH4 BSPM BSCO2

Test Fuel [% change] [% change] [% change] [% change] [% change]  [% change]
Cert - - - - - -
C100 3.9% 1.0% -8.0% -8.9% 1.5% -2.8%

C50R30B20 | -12.5% -19.6% -7.8% -3.4% -29.2% -4.0%

C50R50 -8.1% -10.6% -10.5% -4.2% -18.1% -4.5%
R100 -21.6% -15.6% -12.1% 4.5% -30.4% -6.7%
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TABLE 11. PERCENT CHANGE FROM BASELINE - SWITCH

Test Fuel
Cert

C100
C50R30B20
C50R50
R100

BSHC BSCO BSNOx BSCH4 BSPM BSCO2
[% change] [% change] [% change] [% change] [% change] [% change]
-4.0% -3.7% -9.7% -7.8% -0.9% -6.3%
-22.0% -23.0% -11.4% -5.1% -29.5% -7.8%
-19.9% -12.5% -14.5% -3.6% -24.2% -7.7%
-37.0% -19.0% -16.6% 7.4% -35.9% -10.0%

3.3

Duty Cycle Weighted Fuel Consumption Results

The fuel consumption results for each test are listed below in Table 10. Fuel consumption results
are displayed in brake specific fuel consumption (BSFC), which is a mass-based value. In addition,
a volumetric fuel consumption was also calculated based off the density of each fuel mixture,
expressed in gallons per Megawatt-hour (gal/MW-hr). Average fuel consumption results for each

fuel blend are in Table 12.

TABLE 12. FUEL CONSUMPTION RESULTS

Line Haul Cycle Switch Cycle
Volumetric Volumetric
BSFC Fuel Cons. BSFC Fuel Cons.
Test#  Test Fuel [Ib/hp-hr]  [gal/MW-hr] | [lb/hp-hr] [gal/MW-hr]
1 C100 0.363 69.5 0.387 74.1
2 C50R30B20 | 0.367 72.0 0.391 76.8
3 R100 0.355 72.6 0.379 77.6
4 C50R50 0.358 70.9 0.385 76.3
5 R100 0.350 71.6 0.376 77.0
6 C50R50 0.357 70.7 0.383 75.7
7 C50R30B20 | 0.367 72.1 0.392 77.0
8 C100 0.363 69.5 0.391 74.8
9 Cert 0.369 70.0 0.410 77.8
TABLE 13. AVERAGE FUEL CONSUMPTION RESULTS
Line Haul Cycle Switch Cycle
Volumetric Volumetric
BSFC Fuel Cons. BSFC Fuel Cons.
Test Fuel [1b/hp-hr] [gal/MW-hr] [Ib/hp-hr] [gal/MW-hr]
Cert 0.369 70.0 0.410 77.8
C100 0.363 69.5 0.389 74.5
C50R30B20 0.367 72.0 0.392 76.9
C50R50 0.358 70.8 0.384 76.0
R100 0.352 72.1 0.378 77.3
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34 Emissions Trends

Some overall emissions trends were noted during this testing. In general, as the fraction of
renewable diesel was increased, overall emissions trended downward.

B BSNOX - Linehaul BSNOx Switch
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s Cert C100 C50R30B20 C50R50 R100
Fuel Type

FIGURE 7. BRAKE SPECIFIC NOx AVERAGE BY FUEL TYPE

Figure 7 shows the average brake specific NOx emissions for each fuel type. NOx trended slightly
lower as the percentage of renewable diesel increased, showing a 2.7% decrease in NOx from the
C100 average with the C50R50 blend, and a 4.4% reduction using R100. EPA Cert diesel had
NOx emissions that were 8.7% higher than the C100 average. The C50R30B20 fuel blend showed
NOx equivalence with C100, implying that the NOx reduction from the renewable diesel balanced
the NOx increase that is often associated with Biodiesel.

Particulate matter emissions for both EPA Cert Diesel and C100 were essentially equivalent over
the linehaul and switch cycles. Over the linehaul cycle C50R50 and R100 showed reductions in
PM of 19.3% and 31.4%, respectively. The C50R30B20 mixture also showed a 30.3% reduction
in PM. Figure 8 shows the brake specific PM emissions averages for each test fuel.
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FIGURE 8. BRAKE SPECIFIC PM AVERAGE BY FUEL TYPE

As seen in Figures 9-11, other regulated emissions showed similar trends to those discussed above.
Reductions in CO2, CO, and HC were seen as the as the percentage of renewable diesel in the fuel
was increased.

Overall, renewable diesel showed reductions in all regulated locomotive emissions with reductions
generally increasing as the percentage of renewable diesel increased. The addition of biodiesel in
the C50R30B20 mixture did not decrease BSNOx emissions compared to C100, but showed larger
decreases in PM, HC, and CO emissions.
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Brake Specific CO2 Emissions [g/hp-hr]

Brake Specific CO Emissions [g/hp-hr]
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Brake Specific HC Emissions [g/hp-hr]
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FIGURE 11. BRAKE SPECIFIC HC AVERAGE BY FUEL TYPE

The various fuel blends had very limited effect on locomotive smoke opacity. The average smoke
opacity results for each fuel blend are shown in Figure 12. Overall, the locomotive was well below
the allowable smoke opacity limits on each test fuel.
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FIGURE 12. SMOKE OPACITY AVERAGE BY FUEL TYPE
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C50R30B20 — 50% CARB Diesel, 30% Renewable Diesel, 20% Biodiesel
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NOx — Oxides of Nitrogen

PM — Particulate Matter

R100 — 100% Renewable Diesel
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BMNSF 7534 - T3 GEES44C4

Test#: FTP1
HOT Run #: 000352
Date: Gi2020
Fuel: C00
obhs
Fuel Rate  HC CO Corr. NOx CH4 PM Ccoz BSFC Smoke |
Motch Gross HP  (Ibthr) (gfhr]  [gthr)  [gfhr] (athr] (gthr] (gthr]  Iblhp-hrl Max s= lax 30-sedax 3-sec
IOLE 8.8 20.5 4.0 2.7 854.8 0.3 a3 30418 2338 T g 16
0Bz 13.5 45.0 38.2 123.2 8716 15 e 66,005 2276
1 284.0 06.5 6.2 941 255963 0.0 217 153,753 0375
4 ST3T 135.4 53.8 44 50358 oo 209 285,351 0.348
3 1.134.5 454.5 T0.6 3463 B.226.2 oo 38.0 652713 0351
4 16533 515.8 §z.5 9453 TTI06 oo 47.4 852,365 0.366
S 22674 824.3 37z 1003.2 9514 oo T4.5 1182052 0364
B 2.395.3 10465 1356 5678 132205 oo 426 1502036 0343
7 3.676.8 1.284.6 122 4478 16,8551 oo 47.3 1844713 0349
g 4.383.8 15333 2657 Toz4 182024 0.0 139.7 Z.2mE31 0350

EPA Switcher Duty Cycle Weighted Results

obs Modal Brake-5 pecific Emissions
w-BHP w-Fuel w-HC »-CO w-NO= w-CH4 wv-PM w-CO2Z2 HC CO Zom NO: PM coz
Motch wWF w-[lblhr) w-[glhr] w-[glhr] w-[glhr]l w-[glhr] w-[glhr] w-[glhr] Notch  [gthp-hr) (gfhp-hr) [gfhp-hrllg/hp-hrllglhp—hr)
IOLE 5980 5.2 12.3 8.4 12.0 5.2 05 55 13,130 IOLE 160 247 7.47 108 3.463
oez 0.0 0.0 0.0 0. 0.0 0.0 0.0 0. 1} oez 193 B.54 44.12 0.5a 3.341
1 12.4u 352 13.2 4.5 ny 3219 0.0 27 13,066 1 0.13 0.33 9.14 0.03 541
2 12,3 0.6 24.4 7.4 141 513.4 0.0 26 35,102 2 010 0.z20 8.78 0.04 437
3 5.8 63. 26.4 6.4 201 3611 0.0 2z 37.857 3 0.03 0.23 5.2 0.03 545
4 3.6 B0.6 222 3.0 30.5 2716 0.0 17 31765 4 0.05 0.50 4.55 0.03 524
5 3.6 1.6 23.7 35 36.3 3353 0.0 27 42,554 5 0.04 0.45 4.1 0.03 521
5 15 44.3 15.7 20 5.5 138.3 0.0 0.6 22,53 =1 0.05 013 4.4 0.01 501
7 0.2x T4 26 0.4 03 33T 0o o1 3,689 T nos 012 4.55 0.m S0z
g 0.8% 351 12.3 21 6.3 5.6 0.0 11 17615 g 0.06 0.15 4.15 0.03 50z
sum= 100.0:% 403.3 1558.6 376 144 z504.2 0.5 13.2 228363
0.387 009 0.3 6.8 0.0 0.047 557

obs bsfclgthp-hi] [athp-hr] [gthp-hr] [glthp-hr] [gthp-hrl(gthp-hr)

EPA Freight Duty Cycle Weighted Results

obs Fuel-Specific Emissions
w-BHP w-Fuel w-HC »-CD w-NOz w-CH4 wv-PM w»-CD2 HC CO Zom. NO: PM coz
Motch WF w-[Ibthr] w—[glhr] w-[gthr] w-(glhr] w-(glhr] w-[glthr] w-[gfhr) Notch  (gfib fael) (gilb Fuel) [gfib Fuel) (gfib Fuel] (gilb Fuel)
IOLE 380 33 T8 5.3 8.2 324.8 0.3 35 11553 IOLE 063 106 4163 0.45 1484
oez 12.5% 25 5.6 4.8 161 1089 0.z 14 8.251 oez 085 287 19.38 0.26 1468
1 6.5 1.5 6.3 2.4 6.1 1688 0.0 14 9,954 1 0.34 0.35 24.358 0.20 1ddd
2 6.5 373 123 33 T4 3273 0.0 14 18,550 2 0.30 0.55 25.35 01 1435
3 .2 Ez2.1 237 5.8 18.0 3238 0.0 20 33,941 3 0.24 0.76 1369 0.05 1.435
4 4. T4.1 27 3.6 3Tz 339.3 0.0 21 35,824 4 0.13 137 12.52 0.05 1,433
S 387 86.2 3 37 35.4 353.9 0o 2.8 44,913 ) 0.1z 1e2 .30 003 1434
5 3.9% TI6.8 40.8 5.3 zz1 515.6 0.0 17 58.573 g 0.13 0.54 12.63 0.04 1435
7 3.0 0.3 38.5 5.5 134 505.7 0.0 14 55,341 T 0.14 0.35 1312 0.04 1436
g 16.234 0.z 2454 43.0 1284 2348.8 0.0 z26  356.637 g 017 05z ET 0.03 1436
sum= 100.0:% 12212 443.0 g3.2 295.5 S916.9 05 403 B36E54
0.363 0.07 0.2 4.8 0.00 0.033 521

obs bsfclglthp-hr] (athp-hr] [glthp-hr] [gthp-hr) [gfhp—hrl(glhp-hr)
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BMNSF 7334 - T3 GEES44C4

Test# FTPZ2
HOT Run #: TI00553
Date: BIS2020
Fuel: CS0R30B20
obs
Fuel Rate HC CO Corr. NOx CH4 PM coz2 BSFC Smoke
Notch Gross HP  [Iblhr] (gfhr]  (gthid  (gthr) [gthr] [gthr] (gfhr]  Ibihp-hr) Max ss lax 30-sedax 3-sec
IOLE .4 201 11 6.5 TOz.0 10 239 23,065 2374 B [ird 13|
oez 198 45.9 283 88.2 BS54 13 ne 65,935 231
1 2838 106.9 258 TE.2 21362 o1 213 150,944 0377
Z 5739 z0z.2 44.5 03,7 52056 0.0 173 264,273 0382
3 11363 460.3 34.5 2d6.4 . 656.4 0.0 0.4 645,737 0385
4 1.654.5 B23.2 T4.8 TI0.E 81237 0.0 28.6 73172 03vo
5 2.263.6 8356 543 §39.3 96245 0.0 453 1171497 0365
B 29958 1,06z.2 4.5 4801 137432 0.0 289 1430032 0355
T T 1.233.2 1511 Jrad 17EET.S 0.0 351 1823825 0353
g 43857 1.543.0 2233 B435 154640 0.0 95.4 2174551 0353

EPA Switcher Duty Cycle Weighted Results

obs Modal Brake-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NOx w-CH4 v-PM »-CO2 HC CO Zor. NO: PM coz
Notch wWF w—llbthr] w-[gthr] w-lgthrl w-l[gthr] w-[glhr] w-[gthr] w-[glhr] HNotch  [(gthp-hr) [gthp-hr] (gthp-hrligfhp-hrligthp-hr)
IOLE 59.80 g1 12.0 B0 10.0 413.8 0.6 17 17.381 IOLE 120 193 83.08 0.34 3.440
[m]=x4 0.0: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a []=x4 143 4.45 33.07 0.53 3.330
1 124 35.2 13.3 36 3.7 2723 0.0 Z6 18,717 1 010 0.28 T.74 0.05 532
z 123 0.6 24.9 5.5 13.9 640.3 0.0 2 34,966 z 0.03 013 .07 0.03 435
3 5.8 63.4 26.7 5.5 4.3 3586.2 0.0 18 37.456 3 0.03 0.1 5.56 0.03 40
4 36 BO.6 224 27 256 2925 0.0 10 31434 4 0.04 04z 4.82 0.0z 513
5 36w T 3041 31 30.2 346.5 0.0 17 42174 5 0.04 0.37 4.24 0.0z S8
=1 159 44.3 15.9 17 T2 206.1 0.0 0.4 22,353 =1 0.04 016 4.53 0.0 437
T 0.2 T4 2.6 0.3 0.8 34.7 0.0 01 3,645 T 0.04 010 4.72 0.01 435
g 0.8 351 12.4 18 51 °rT 0.0 0.8 17,396 g 0.0s 015 4.21 0.0z 436
sum = 100.0:% 410.0 160.3 301 1164 27461 0.6 12.3 225525
0.391 0.07 0.3 6.7 0.0 0.030 550
obs bsfclgthp-hil [gthp-hrl [gthp-hr]  (gfhp-hr) (gthp-hrligthp-hr)
EPA Freight Duty Cycle Weighted Results
obs Fuel-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NDx w-CH4 wv-PM ~-CO2 HC CO Zorm NO: PM coz2
Notch wWF w-[lblhr) w-[gfhr] w-l[gthr] w-[gfhr]l w-[gfhr] w-[athr] w-(glhr) Notch  (gfIb fuel) (gf1b fuel) [gf1b Fuel) (oflb Fuel) [ailb Fuel)
IOLE 38,00 3z 7.6 3.8 6.4 266.5 0.4 11 1.045 IOLE 0.50 0.54 34.33 0.14 1443
oez 125 25 57 35 .0 13 0.z 15 8.243 oez 052 192 14.29 0.25 1439
1 6.5 15.4 7.0 13 5.1 428 0.0 14 3.81 1 0.z7 0.73 20.54 0.20 14z
z 5.9 313 131 z3 71 338.4 0.0 12 15475 z n.:zz 0.5¢ 25.75 003 1406
3 5.2 Gz.2 233 4.3 12.8 346.2 0.0 16 33,561 3 0.21 0.54 14.46 0.7 1403
4 4.4 741 274 33 3 357.4 0.0 13 38.420 4 012 114 13.03 0.0s 1401
5 3.8 G6.2 3R] 32 313 3657 0.0 17 4 517 5 010 1.00 .52 0.05 1.402
g 3.9 T16.8 1.4 4.5 187 536.0 0.0 11 5817 g 011 045 12.94 0.03 1403
T 3.0 0.4 330 4.5 3 5210 0.0 11 54,715 T 012 0.23 13.37 0.03 1404
g 16.23 0.5 2509 36.2 104.3 2991.2 0.0 159 352277 g 0.14 0.4z .92 0.08 1404
SUm = 000 12217 4479 G&.5 233.5 53474 0.6 278 Bz2321
0.367 0.06 0.2 4.9 0.00 0.023 515

obz bsfelgthp-hi] [gthp-hrl [gthp-hr) (g/hp-hr) (gihp-hrligthp-hr)
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BNSF 7934 - T3 GEES44Cq
Test#: FTP3
HOT Fur 000254
Date: B/8/2020

Fuel: R100
obs
Fuel Rate HC CO Corr. NOx CH4 PM coz BSFC Smoke
Motch Gross HP  (Iblhr) [gthr]  Igthr] [athr) [gihn) [gthr) [gthr] Ibihp-hr) Max sz lax 30-sedax 3-zec
IOLE 7.3 20.7 7.6 15.0 SET.T 13 3z 30,517 ZE15 -2 T 102 I
0Bz 217 46.5 213 5.2 S02.3 21 214 67,762 2146
1 2836 04.3 20.2 5.2 20733 0.z 172 145,934 0.365
4 57e3 1336 3.2 1216 4,753.0 0.0 16.1 275,315 0.338
3 1.194.6 4416 789 Z67.5 6.447.2 0.0 33 G26,643 0370
4 1.652.4 5373 Ed.3 TGS T.TE14 0.0 30.2 547,332 0355
S 2,265.1 803,58 T33 0 10406 91303 n.o 50.7 1139828 0355
g 29335 1.024.9 1001 0.5 130420 n.o 283 1454805 0.342
T 3ET0.0 1.252.0 0.5 3927 166016 n.o 329 LR 034
g 4,350.5 1.436.1 2187 053 174670 0. 331 2124752 0342
EPA S her Duty Cycle Weighted Results
obs Modal Brake-Specific Emissions
w-BHP w-Fuel w-HC »-CO w-NOx w-CH4 »-PM w-COZ HC CO Zom NO: PM coz
Notch wWF w-[Iblhr) w-[glhr] w-[glhr] w-[glhr] w-[gfhr] w-[gfhr] w-[gihkr] Notch [gfhp-hr] [gihp-hr] [g!hp-hrllgthp-hrllgihp-hr]
I0LE 53.8% 4.7 124 4.5 3.0 3514 0.8 13 15,243 IOLE 0.36 130 T4.23 0.40 3.899
0Bz 0.0 0.0 0.0 0.0 o.a 0.0 0.0 0.0 0 0Bz 0.35 347 2317 0.33 3,126
1 124 35.2 123 25 3.3 2571 0.0 21 15,465 1 o.or 0.z7 7.3 0.06 525
z 2.3 0.4 238 4.2 1=.0 S85.4 0o z0 33.864 =4 006 0.21 8.3z 003 451
3 5.8% 63.3 256 4.6 155 3739 0o 18 36,345 3 o.or n.zz 5.40 003 525
4 369 G0.6 2158 2.3 ZTT 2801 0o 11 30,504 4 0.04 0.46 4,63 ooz S04
S 369 1.5 5.9 2.6 318 3287 0o 18 41,034 S 003 0.46 4.03 ooz 503
[ 199 44.3 15.4 15 T 135.6 0o 0.4 2522 5 0.03 AT 4.36 0.01 486
T 0.z2x T3 25 0.3 0.8 33.2 0o 01 3.596 T 0.04 on 4.52 0.01 454
g 0.8% 35.0 120 17 5.6 133.7 0o 0.8 16,335 g 0.0s 0.16 333 o0z 485
FUm = 100,02 403.0 1351 24.3 1z8.0 2545.2 0.8 1z.0 220540
0.373 0.06 0.3 6.2 0.0 0.029 540
obs bsfe(gihp-hi] (gthp-hr) [gfhp-hr)  (gthp-hi) [gthp-hillgthp-hr]
EPA Freight Duty Cycle Weighted Results
obs Fuel-8pecific Emissions
w-BHP w-Fuel w-HC w-CO w-NO= w-CH4 wv-PM w-COZ HC CO Zorm NO: PM coz
Motch WF w-(Iblhr) w-lglhr] w-lgfhr] w-lglhrl w-lglhr]l w-lglhr] w-[glhr]) Motch  [gllb fuel) [g/Ib fuel) (gllb Fuel) [gllb Facl] [gflb Fuel)
I0LE 3.0 3.0 T4 29 57 2233 05 12 1.596 IOLE 0.3r 073 28.36 015 1473
oez 1250 27 5.8 27 9.4 B2.8 0.3 27 8.470 oez 0.46 162 10.80 0.46 1457
1 B.5% 18.4 B8 13 4.9 134.8 0o 11 9,631 1 013 o7z 13.88 0.16 1428
2 B.5% 3rez 128 22 749 309.3 0o 10 17,835 2 018 0.63 2453 0.0s 1422
3 5.2% 621 230 4.1 133 3353 0.0 16 32,585 3 015 0.61 1460 0.07 1413
4 4.4 4.0 263 2.8 338 3424 0.0 13 37283 4 o 125 13.01 0.05 1417
5 38 861 305 2.8 345 347.0 0.0 13 43,313 S 0.03 123 136 0.08 1415
3 39 6.7 40.0 33 13.9 S05.6 0.0 11 56,737 5 01 0.50 127z 0.03 1413
T 3.0 01 376 4.2 8 435.0 0.0 10 53,335 T oM 0.3 13.26 0.03 1420
g 6.2 TO03.7 2424 354 4.4 2829.7 0.0 16.1 344,210 g 015 0.47 1168 0.07 1420
Sum = 0002 12201 4328 Gz.4 2612 55311 0.8 291 E15110
0.355 0.05 0.2 4.6 0.00 0.024 504

obs bsfcigthp-hr] [gfhp-hr) [gfhp-hr)  (gthp-hi) [gihp-hr)(gthp-hr)
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BMNSF 7534 - T3 GEES44C4

Test#: FTP4
HOT Fun # 00855
Date: BI32020
Fuel: CS0RS0
obhs
Fuel Rate  HC CO Corr. NOx CH4 PM Ccoz BSFC Smoke |
Motch Gross HP  (Ibthr) (gfhr]  [gthr)  [gfhr] (athr] (gthr] (gthr]  Iblhp-hrl Max s= lax 30-sedax 3-sec
IOLE 7.2 207 11 1.2 B36.5 12 3z 30,843 2530 Fid 3 13
0Bz 210 47.0 23.4 T3.3 5401 13 15.0 65,573 2.234
1 2829 06.5 231 T3.0 2.134.5 0.1 173 153,304 0376
2 BT 196,39 475 a6 4,962.3 0o 1r.3 282,345 0345
3 11341 450.4 Fi9 2a10 6,510.3 oo 34.0 Gdd 366 0377
4 1.6811 G036 0.7 [ A b= vl oo 415 70513 0363
- 22633 3133 861 10613 82353 oo BE.2 182068 0353
-1 28310 10353 124 5534 131356 oo 40.4 1430846 0346
T 36754 1.264.3 159.0 4058 16,7832 oo 37 1809433 0344
g 4.53511 1.506.3 2457 E33.0  17.8355 0.0 5.8 256,736 0.344

EPA Switcher Duty Cycle Weighted Results

obs Modal Brake-5 pecific Emissions
w-BHP w-Fuel w-HC »-CO w-NO= w-CH4 wv-PM w-CO2Z2 HC CO Zom NO: PM coz
Motch wWF w-[lblhr) w-[glhr] w-[glhr] w-[glhr]l w-[glhr] w-[glhr] w-[glhr] Notch  [gthp-hr) (gfhp-hr) [gfhp-hrllg/hp-hrllglhp—hr)
IOLE 5980 4.3 12.4 E.E 0.9 380.6 0.7 19 18.448 IOLE 155 254 28.77 0.44 4,303
oez 0.0 0.0 0.0 0.0 o.a 0.a 0.0 oo 1} oez 140 377 25.69 0.7 3.276
1 12.4u 351 13.2 3.6 9.8 2vez2 0.0 21 13,010 1 010 0.28 .76 0.06 542
2 12,3 0.2 24.2 5.8 9.7 B10.4 0.0 21 34.729 2 0.0s 0.21 8.70 0.03 435
3 5.8 63.3 26.1 5.4 6.3 3716 0.0 20 37.373 3 0.03 0.24 5.45 0.03 540
4 3.6 B0.5 213 25 313 280.5 0.0 15 31342 4 0.04 0.5z 4.64 0.0z 515
5 3.6 1.5 23.3 31 3.2 3325 0.0 24 41,533 5 0.04 0.47 4.03 0.03 513
5 15 44.3 15.5 15 5.3 137.0 0.0 0.6 22,213 =1 0.04 013 4.33 0.01 435
7 0.2x T4 25 0.3 0.8 336 0o o1 3613 T 004 on 4.57 0.m 43z
g 0.8% 35.0 121 z0 5.6 2T 0.0 10 17.254 g 0.06 0.16 4.07 0.03 43z
sum= 100.0:% 4058.0 157.3 313 1353 26271 0.7 136 225826
0.385 0.08 0.3 6.4 0.0 0.033 553

obs bsfclgthp-hi] [athp-hr] [gthp-hr] [glthp-hr] [gthp-hrl(gthp-hr)

EPA Freight Duty Cycle Weighted Results

obs Fuel-Specific Emissions
w-BHP w-Fuel w-HC »-CD w-NOz w-CH4 wv-PM w»-CD2 HC CO Zom. NO: PM coz
Motch WF w-[Ibthr] w—[glhr] w-[gthr] w-(glhr] w-(glhr] w-[glthr] w-[gfhr) Notch  (gfib fael) (gilb Fuel) [gfib Fuel) (gfib Fuel] (gilb Fuel)
IOLE 380 27 T3 4.2 B3 2413 0.4 12 1n.723 IOLE 0.54 0.88 30.71 0.1s 1483
oez 12.5% 26 54 37 9.9 BT.S 0.z 13 8.603 oez 063 169 .50 0.3z 1467
1 6.5 3.4 6.3 13 g1 427 0.0 11 9,965 1 0.z7 0.74 20.61 018 1440
2 6.5 374 12.8 31 7.8 3226 0.0 11 18,352 2 0.24 0.61 25.21 .03 1.434
3 .2 Ez2.1 23.4 4.3 4.6 338.5 0.0 15 33,507 3 0.21 0.62 14.45 0.05 1431
4 4. T4.0 26.5 31 3.2 3423 0.0 15 358,307 4 0.1z 143 1275 0.07 1425
S 387 86.0 309 33 40.3 350.9 0o 25 44,162 ) 01 130 .36 0.03 1423
5 3.9% TI6.6 40.4 4.6 216 5123 0.0 16 57.793 g 01 0.53 12.63 0.04 1430
7 3.0 0.3 373 4.5 12z 503.5 0.0 11 54.285 T 0.13 0.3z 1327 0.03 1431
g 16.234 T08.7 2441 40.3 .z 2889.8 0.0 13.3 349,401 g 017 0.46 .84 0.05 1431
sum= 100.0:% 12135 437.0 T8 269.9 ST12.6 0.7 334 B260ES
0.358 0.06 0.2 4.7 0.00 0.027 513

obs bsfclglthp-hr] (athp-hr] [glthp-hr] [gthp-hr) [gfhp—hrl(glhp-hr)
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BNSF 7334 - T3 GEES44C4
Test#: FTPS
HOT Rur #: 000556
Date: BHO/2020

Fuel: RI00
obs
Fuel Rate  HC CO Corr. NOx CH4 PM coz2 BSFC Smoke |
Hotch Gross HP  [Ib/hr) {afhrl  igthrl  [glhr) [gthr) (gthr] {afhr] Iblhp-hrl Max s= lax 30-sedax 3-sec
IOLE 5.3 203 T2 14.0 1.6 11 zd 23,924 Z.d43 v 1052 120

0Bz 18.5 45.0 19.5 01 456.2 18 1.2 65,523 2.397
1 2529 03.2 201 70T 2.185.2 0.0 153 147455 0.365
= 5vez2 134.4 36.4 155 o4.346.5 0.0 13.9 276,684 0340
3 11956 4407 15 235.0 B.665.3 0.3 24.7 E25.646  0.363
4 16829 59545 TG 5517 5.023.8 0.0 224 544,275 0354
5 2.267.0 TE.3 15 8033 9.475.2 0.0 37.0 1131831 0352
5 29377 1.016.5 105.2 43585 13.41.2 0.0 20.7 1443510 03339
T 36732 12423 144.5 33TT 16,3468 0.0 261 1,764,703 0338
g 4.387.5 14738 2160 300 180Ns oo TH1 2033843 0.336

EPA Switcher Duty Cycle Weighted Results

obs Modal Brake-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NOz w-CH4 wv-PM w-COZ HC CO Zom NO: PM coz
Notch wWF w-[lblhr) w-[glhr] w-[glhr] w-[glhr] w-[gfhr] w-[gfhr] w-[(glhr] Notch [gfhp-hr] [gthp—hr]l [gthp-hrllgthp-hrllgthp-hr]
IOLE 53.8% 5.0 121 4.3 g.4 365.7 0.7 14 17,535 IOLE 0.56 163 T3.54 0.23 3.613
0Bz 0.0 0.0 0.0 0.0 o.a 0.0 0.0 o.a 1] 0Bz 1.04 374 2591 0.56 3432
1 124 351 125 z5 8.8 268.5 0.0 13 18,254 1 oor 025 T.ES 005 Sz
= 123 TO.4 233 4.5 .2 G05.5 0.0 17 34,032 2 0.06 0.z0 5.65 0.0z 454
3 S8 633 256 4.7 136 3E86.6 0.0 14 36,287 3 0.07 0.z0 5.57 0.0z 523
4 3.6 BO.6 214 2.6 203 28391 0.0 0.8 30,334 4 0.04 0.35 477 0.0 S0z
5 3.6 1.6 287 23 283 3411 0.0 13 40,746 5 0.04 0.35 4.15 0.0z 433
5 19 45.0 53 16 BB zme n.o 0.3 21,653 5 0.04 01s 447 oo 452
T 0.2+ T4 25 0.3 0.7 339 n.o o1 3.529 7 0.04 003 451 oo 4350
g 0.8 351 8 17 4.7 1441 n.o 0.6 16,743 g 0os 013 411 ooz 477
sum = 100,03 403.4 194.1 5.2 106.5 2635.6 0.7 35 213570
0.376 0.06 0.3 6.4 0.0 0.023 536

obs bsfclathp-hr] [gfh|-:|—hl] lgthp-hrl  [athp-hr) (gthp-hr)(gthp-hr)

EPA Freight Duty Cycle Weighted Results

obs Futl-Specific Emizsions
w-BHP w-Fuel w-HC w-CO w-NO= w-CH4 wv-PM w-COZ HC CO Zorm. NO: PM coz
Motch WF w-(Iblhr] w-[glhr] w-[gfhr] w-lglhrl w-lglthr] w-[glhr] w-[glhr) Notch  [g/ib feel) [g/1b Fuel] (gllb Fuel) (gl Fuel] (of1b Fuel)
IOLE 38.0 31 T T 5.3 2324 0.4 (0] .37 IOLE 035 0.69 3005 0.1z 1475
oez 1250 23 56 24 8.8 E0.8 0.z 20 813 OE2 043 156 10.81 0.36 1457
1 6.5 15.4 BT 13 4.6 o7 0.0 10 9585 1 013 0.69 2093 05 1429
2 6.5 Ire 126 24 75 3215 0.0 09 17984 2 013 0539 25.44 ooy 1423
3 b2 g2.2 229 4.3 12z 346.6 0.0 13 32,534 3 013 053 1512 0.06 1420
4 4.4 T4.0 26.2 3.2 256 3533 0.0 10 37148 4 012 0.98 13.48 0.04 1413
5 3.8 86.1 30.3 31 305 3601 0.0 14 43,010 5 010 1.01 .88 0.0s 1.413
[ 3.9 6.3 397 4.2 171 5230 0.0 0.5 56,237 -1 011 0.43 1313 0.0z 1420
T 3.0 0.4 373 4.3 101 505.4 0.0 0.5 52941 T 01z 0.27 13.64 0.0z 1421
g 16.232 Ti0.8 2388 35.0 35.6 23173 0.0 120 333,170 =] 015 0.40 1z.z2 0.0s 1421
sum = 0005 12215 4275 623 2174 STE4.T 0.7 221 605231
0.350 0.05 0.2 4.7 0.00 0.018 438

obs bsfelgthp—ht] (gthp—hr) (gthp-hil (gfhp-hr) (gthp-hrligthp—hr]
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BMSF 7934 - T3 GEES44Cd
Test#: FTPE
HOT Run #: 000857
Date: G12020

Fuel: CSORSO
obs
Fuel Rate HC CO Corr. NOx CH4 PHM coz2 BSFC Smoke
Motch Gross HP  [Iblhr) [gthr]  [gthr] [athr) [gthr) [glhn) Igthr) Ibfhp-hi) Max == lax 30-sedax 3-sec

IOLE 8.2 20.7 0.6 173 BE12 11 2.8 30867 2.540 -4 T 11
OBz 202 45.3 274 Td.3 5383 17 .3 67,370 2274

1 283.3 105.4 297 TE.T 2.154.0 0.0 175 151,633 0.372

2 =y 136.0 47.0 4.5 4,335.1 0.0 16.5 280,935 0343

3 1.133.3 4473 371 248.5 6.7058.3 0.0 3.z 633,974 0375

4 16833 605.2 734 B70.7 80238 0.0 321 864 625 0360

5 22653 &10.4 0.8 8752 94833 0.0 45,8 1155464 0358

B 29326 1.033.7 13.3 4927 134654 0. 271 1473003 0345

7 3ETTZ 12621 1593 3652 170838 0. 307 1806571 0343

g 4 384.5 15075 2406 B30.Z2 182887 0. 357 2158130 0.3dd

EPA Switcher Duty Cycle Weighted Results

obs Modal Brake-Specific Emissions
w-BHP  w-Fuel w-HC w-CO w-NOx w-CH4 w-PM »-COZ HC CO  Zom. NO: PM coz
Notch wF w—[Iblhr) w-[glhr] w-[glhr) w-[glhr] w-[glhr] w-[glhr) w—[gfhr) Motch  [glhp-hr) [glthp-hr) [gthp-hrligthp-hr]igthp—hr)
IOLE 598 4.3 12.4 6.3 0.4 395.4 0.6 17 15,453 IOLE 1.30 212 103 0.54 3783
OBz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a 0Bz 136 3.68 26.63 0.53 3,340
1 124w 351 131 37 9.8 2671 0.0 2.2 18,802 1 010 0.28 T.ED 0.06 535
2 1237 0.3 241 5.8 141 B14.5 0.0 2.0 34,555 2 0.08 0.z0 8.74 0.03 431
3 5.8 63.2 253 5.6 4.4 383.1 0. 18 TR 3 0.05 0.z1 5.62 0.03 536
4 6% 60.6 218 23 241 2685.8 0. 12 T 4 0.0s 0.40 477 0.0z 514
5 36w §1.6 ot 4 33 315 340.3 0. 18 41,705 5 0.04 0.33 415 0.0z 5N
g 182 44.3 5.5 18 T4 2020 n.o 0.4 22185 g 0.04 016 4,50 0m 434
T 0.2x T.4 25 0.3 07 S4.2 0.0 01 3,613 T 0.04 010 4.65 0.01 431
g 0.8 351 121 13 5.0 146.1 0.0 0w 17.265 g 0.0s 0.1 4.17 0.0z 432
sum = 10010 403.0 156.6 316 7.4 2675.4 0.6 .8 224523
0.383 0.08 0.3 6.5 0.0 0.029 550
obs bsfclgthp-hr] [gthp-hr) [(gthp-hr] [géfhp-hi] [gthp-hrl{glhp-hr)
EPA Freight Duty Cycle Weighted Results
obs Fuel-Specific Emissions
w-BHP w-Fuel w«-HC w-CO w-ND=x w-CH4 wv-PM »-COZ HC CO Zom NO: PM coz2
Notch WF w—(lbthr) w-[glhr] w-[glhr] w-lglhr] w-[glhr] w-[(glhr] w-[gfhr) Motch  [g1b fael) [g9l1b Fuel) [9f1b Fucl) (gflb Fuel) [gflb Fuel)
I0LE 38.0 31 7.3 4.0 6.6 2513 0.4 11 11730 IOLE 0.51 0.54 3 014 1483
0Bz 12.9% 25 5.7 34 3.3 67.3 0.z 15 g.421 OBz 0.60 162 nr4 0.26 1463
1 B.5% 15.4 6.8 13 5.1 140.0 0. 11 3.556 1 0.25 0.7s 20,44 017 1433
z B.5% 3re 27 31 T4 324.9 n.o 11 18,261 z n.24 0.55 25.50 0.0s 1433
3 5.2 Ez2.1 233 5.0 123 348.5 0.0 16 33,273 3 0.2z 0.56 15.00 0.07 1431
4 L T4.1 Z6.6 3.5 295 353.0 0.0 14 36,044 4 013 1M 13.26 0.0s 1423
5 3.8 861 308 3.5 333 353.5 0.0 13 44,022 5 on 105 .68 0.06 1423
=1 3.9 6.7 40.3 4.7 13.2 552 0.0 11 57.681 =1 0.1z 0.45 13.03 0.03 1431
T 3.0 03 373 4.5 0 5125 0.0 0.3 54,137 T 013 0.23 13.54 n.oz 1431
g 16.2% 703 244.2 33.0 1021 2953.5 0.0 B2 349617 g 016 0.4z 1212 0.06 1432
sum = 10010 12207 436.3 Teg 236.4 55423 0.6 Z6.8 E25107
0.357 0.06 0.2 4.8 0.00 0.022 512

obs bsfelglthp—hr] [gthp-hi] [glthp-hr] [gthp-hr] [gthp-hillgthp-hr)
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BNSF 7334 - T3 GE ES44C4
Test#: FTPT
HOT Run #: 000858
Date: BM212020
Fuel: CSOR30EZ20

obs
Fuel Rate  HC CO  Corr. NOx CH4 PM Ccoz BSFC Smoke |
Motch Gross HP  [Iblhr] (gthr)  (gthr)  [glhr) (gfhr] [athr] (gfhr]  Ibihp—hr] Max ss lax 30-sedax 3-zec
IOLE 5.0 20.5 10.0 16.4 653.2 12 28 23,693 2.560 T 11 11
[/=r4 13.3 46.5 281 2T 515.8 z0 13.0 66,353 2405
1 2831 105.0 253 T3 21727 01 23 152472 0352
2 5713 207 45.4 m3 S.173.4 0.0 181 283743 0353
3 11335 460.3 34.7 2287 Bs&s2 0.0 274 45,818 0.336
4 16817 G23.0 g3.1 555.4 8.314.5 0.0 245 §73.053 0370
S 2,266.0 5296 a7.7 464 2.54ET oo 318 1163181 0.366
5} 23330 1053.3 124.6 436.5 133051 0.0 253 14896435 0354
7 3ETYS 1295.2 1603 3dE1 1T4TEE 0.0 282 1818125 0352
g 4.384.0 1549.0 2277 5733 1B470 0.0 a8 2174620 0353
EPA Switcher Duty Cycle Weighted Results
obs Modal Brake-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NO= w-CH4 wv-PM w»-CO2 HC CO Zorr NO: PM coz2
MNotch wF w-[lbthr) w-[gfhr] w-(glhr] w-lgfhr] w-[glhr] w-[glhr] w-[glhr] Notch  (gfhp-hr) (gfthp-hr] (gfhp-hrllgthp-hrl(gthp-hr)
IOLE 53.8x 4.5 123 6.0 3.8 2.2 o7 16 17.756 IOLE 124 205 56.07 054 3,708
0Bz 0.0 0.0 0. 0.0 0o 0.0 o.a 0.0 1] 0Bz 145 4.28 3183 067 34673
1 124 351 13.4 3.6 3.8 263.4 o.a 26 15.306 1 0.10 0.z25 T.65 0.035 533
2 1237 0.3 24.8 5.6 137 6371 o.a 22 34,501 2 0.03 0.13 3.06 0.03 435
3 S.a B3.2 267 55 13.3 3931 oo 16 37457 3 0.0s 0.13 577 0.0z 541
4 3.6 G0.5 224 3.0 215 2933 0. 0.3 31430 4 0.05 0.36 4.34 0.01 513
5 3.6 516 233 3.5 Z6.3 354.6 0. 14 41,575 5 0.04 0.33 4.35 0.0z 513
5} 19 44.3 15.3 13 6.5 205.6 oo 0.4 ze.z237 g 0.04 013 4.65 0.m 437
7 0.2 T4 26 0.3 07 34.3 oo 01 3.636 T 0.04 0.03 4.75 0.m 434
g 0.8 351 12.4 18 4.6 147.3 oo oy 17.397 g 0.0s 0.13 4.20 0.0z 435
sum= 00,05 405.3 160.5 311 1065 27625 07 4 225657
0.392 0.08 0.3 6.8 0.0 0.028 552

obs bsfc(gthp-hr] [gthp-hr]l (gthp-hr]  [gthp-hr) (gfhp-hr)(gthp-hr]

EPA Freight Duty Cycle Weighted Results

obs Fuel-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NOz w-CH4 wv-PM w-CO2Z HC CO Zorm NO: PM coz
Motch wWF w-[lblthr] w-[gthr] w-(glhr] w-lgthrl w-[gfhr] w-[gfhr] w-[(glhr) Notch  (g/ib Fael) (glib Fuzl) (gflb Fuel] (971 Fuel] (gl1b Fael)
IOLE 35.0: 30 7.8 3.8 6.2 2613 0.4 10 1,253 IOLE 0.43 0.50 33.62 013 1,445
0Bz 1250 2.4 5.8 3.5 0.3 Tr.0 0.z 16 8,374 OBz 0.60 1758 13.24 0.25 1,440
1 6.5 15.4 7.0 13 5.2 .2 oo 14 3,91 1 0.z7 073 201 0.z0 141
2 6.5 3Tz 131 3.0 Tz 336.7 oo 12 15.444 z 0.23 0.55 25.68 0.03 1407
3 5.2 E2.1 239 4.3 1na 357.8 oo 14 33.583 3 .21 0.5s0 14.95 0.08 1403
4 4.4 4.0 274 37 263 365.8 0.a 11 38415 4 0.13 0.96 13.35 0.04 1401
5 3.8 561 35 37 2584 3743 0. 14 44 201 5 0.1z 0.30 .87 0.05 1402
5} 3.9 TI6.7 41.3 4.3 170 542.3 oo 10 57.973 g 012 0.41 1313 0.0z 1403
7 3.0 0.3 353 4.5 0.4 524.2 oo 0.5 54,544 T 012 0.z7 13.43 0.0z 1404
g 16.23 0.z 2509 369 929 29835 oo 132 352288 g 015 037 .83 0.0s 1404
sum= 100.0% 12205 447.7 .o 215.8 5564.7 o7 24.3 625015
0.367 0.06 0.z 4.3 0.00 0.020 515

obs bsfclgthp-hr] [gi'h|-:|—hl] lathp-hr]  [gthp-hr) (gthp-hr)(gthp-hr)
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BNSF 7334 - T3 GE ESd4Cd
Test#: FTPS
HOT Run #: 000853
Date: BM52020

Fuel: C100
obs
Fuel Rate HC CO Corr. NOx CH4 PM coz BSFC Smoke |
Hotch Gross HP  (Iblhr) igthrl  (gfhed  iglhr) {athrl (gthr] Iglhr]  Ibthp-hr) Max ss lax 30-sedax 3-sec
IDLE T.B 2168 1.4 234 835.2 13 32 32198 2833 B g 13
0Bz 218 46,7 358 106.2 §23.3 z0 120 G527 2143
1 2816 1076 35.0 q356 2544.9 0.1 18.3 155,330 0.382
2 5716 135.9 53.3 .4 5.083.7 0.0 18.3 286,154 0.345
3 11325 4561 a2 3211 B.443.8 oo 349 B54.512 0383
4 1ETAT G171 4.2 gz3g  7.7a0.2 oo 43.0 oifd, 504 0367
5 2.264.7 G212 nzz 9544 93157 0.0 651 1177936 0363
=1 29301 1.045.3 135.5 Sdd .1 130721 0.0 337 150517 0.350
7 36712 12842 173.8 4139 16918 0.0 402 1844430 0350
g 43819 15265 2631 T80 184554 0. 1257 2192678 0348
EPA Switcher Duty Cycle Weighted Results
obs Modal Brake-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NOx w-CH4 w-PM  w-COZ HC CO o NO: PM coz
Notch wWF w-[Iblhr) w-[glhr) w-lglhr)] w-lglhr) w-lglhr) w-[gfhr) w-[glhr) Notch  [gthp-hr) (gthp-hr) (gthp-hrllgthp-hrligthp-hr)
IDLE 598 4.6 12.9 8.6 14.0 433.5 n.a 13 13,255 IOLE 189 307 109.51 0.4z 4,222
0Bz 0.0 0.0 0.0 oo 0o 0.0 0.0 0.0 0 0Bz 164 4,85 3085 055 3164
1 12,4 34.9 133 4.3 116 3156 0.0 23 13,261 1 0.1z 0.33 9.04 0.07 552
2 12,30 03 245 7.3 13.7 B25.3 0.0 23 35197 2 010 013 5.83 0.03 =y
3 5.8 63.2 Z6.59 6.3 15.6 3737 oo zn 37962 3 003 027 5.40 0.03 543
4 3.6 B0.5 22z 3.0 237 2801 0.0 15 3842 4 0.05 0.43 4.63 0.03 527
5 3.6 15 29.6 37 354 3354 0.0 23 42,405 5 0.os 0.43 4.1 0.03 5z0
=1 1.5+ 44.3 15.7 20 8.2 1976 0.0 0.s 22523 B 0.os 015 4.1 0.01 S0z
T 0.2 T3 Z6 0.4 0.s 338 oo 01 3683 7 n0.os 011 4.61 0.m 502
g 0.8 351 122 21 5.8 JLYA] 0o 10 17541 g 0.05 017 4.21 003 500
sum = 000 4085.2 159.4 30T 1378 2808.6 0.5 141 223677
0.391 0.09 0.3 6.9 0.0 0.035 563

abs bsfolathp—hil (athp-hr) (gthp-hr) (gthp-ht) (gthp-hr)(gthp-hr]

EPA Freight Duty Cycle Weighted Results

obs Fuel-Specific Emissions
w-BHPF w-Fuel w-HC w-CO w-NOx w-CH4 w-PM w-COZ HC CO o NO: PM Ccoz
HNotch wWF w—[Iblhr) w-[glhr] w-[glhr)] w-[gthr] w-[glhr) w-[glhr] w-[glhr) Hotch  [gfib Fuel) [giib Fuel] (gfib Fuel) [gilb Fuel] [gfib Fuel)
IOLE 5500 23 8.2 5.5 84 3174 0.5 1z 12.235 IOLE 0.67 105 35.66 015 1430
Oez 12.5% 27 5.8 4.5 13.3 0z.3 0.z 15 8,603 OEZ 077 227 1781 0.26 1473
1 6.5 153 7.0 23 6.1 165.4 0o 12 10,035 1 033 0.a7 Z23.65 018 1444
2 6.5 vz 123 3.3 T2 3304 0.0 1z 18.600 2 0.30 0.56 25.56 010 1433
3 S.am Gz2.0 237 5.6 16.7 3351 0.0 18 34.035 3 0.24 0.0 14.13 0.05 1435
4 4,43 739 212 37 36.2 342.3 oo 14 38,918 4 014 133 1281 0.o7 1433
5 3.8 86.1 3z 33 T4 354.0 oo 25 44 764 5 012 120 .34 0.05 1434
=1 3.9 T6.6 40.5 5.3 212 5137 0.0 13 55,553 =1 013 0.5z 12.53 0.03 1436
T 3.0 0.1 38.5 5.4 126 S07.4 0.0 1z 55,335 T 0.14 0.33 1317 0.03 1436
g 6.2 T03.9 2473 426 174 2383.8 0.0 204 355214 kS o7 047 1203 0.03 1436
sum= 100.0: 12137 4427 G2.6 277 5355.4 or 34.2  B36360
0.363 0.07 0.2 4.3 0.00 0.028 522

obs bsfclglhp-hr]l [gthp-hr] [(gthp-hr) [glhp-hr] [gthp-hrl(gthp-hr)
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Maote: The locomotive erperienced a high oil temperature de-rate 500 minutes into M.

EMSF T334 - T3 GEESd4Cd Power, fuelrate, and gazeous emissions were averaged far the first 5 minutes befare
Test#: FTP3 the derate occurred, but PMran for an addiional 30 seconds. The glhr value shown
HOT Run #: TI00860 iz based an the BSPM value of the entire zample, multiplied by the HP of the 5 minutes shown.

Date: 6172020
Fuel: LSO Cert Fuel

obs

FuelRate  HC CO  Corr. NDx CH4 PM Coz BSFC Smoke |

Notch Gross HP  (Ib/hr) (gthr]  [gthid  [glhr) (athr] (athr] (gfhr]  Ibihp-hr) Max ss lax 30-sedax 3-sec

IOLE 77 212 13.9 216 §33.5 11 3.4 31936 2755 5 35 17 I
OBz 213 6.7 kral 1218 J26.4 20 128 G3.670 2132
1 2524 10E.0 Ir2 924 26345 01 26.1 57643 0428
2 538.2 200.4 55.4 123 54275 0.0 226 231,708 0.372
3 11226 453.4 Tz.4 330 BE3T.S oo 313 GE7. 43 0403
4 16261 G226 6.4 582 &.107.1 oo 47.1 903,252 0363
5 2198.3 g30.0 978 963.0 96784 0.0 683 1205028 0373
=1 29077 1.0525 130.9 5456 138403 0.0 410 15235858 0362
T 36003 12328 &7V 4333 TRE3ZE 0.0 S0.8 1873621 0353
g 43722 15136 239.8 TS 13.860.5 0.0 1256 2203708 0345

EPA Switcher Duty Cycle YWeighted Results

obs Modal Brake-Specific Emiszions
w-BHP w-Fuel w-HC w-CO w-NOx= w-CH4 wv-PM »-CO2 HC CO Zorm NO: PM co2
Notch wWF w-[lbthr) w-[gfhr] w-[(glfhr] w-[gfhr] w-[glhr] w-[glhr] w—(glhr) Notch  (gfhp-hr] (gfhp-hr] (gthp-hrllgthp-hrligthp-hr)
IOLE 53.8 4.6 127 8.3 12.3 5351 o7 zan 13,055 IOLE 181 z82 17.28 0.d4 4162
[u]=x4 0.0:4 0.0 0.a 0o 0.0 0.0 0.0 0.0 1} =24 163 5.56 42 26 055 3178
1 12,4 3 13.4 4.6 ns 3341 0.0 3.2 13,543 1 015 037 1068 0.10 B25
2 12,37 BE.2 24.6 T2 13.8 BET.6 0.0 Z8 35,880 2 of 0.21 10.08 0.04 542
3 5.8 B5.1 Z6.6 6.5 13.7 355.0 0.0 2.2 35,635 3 0.10 0.30 591 0.03 534
4 36w 58.5 zz.d 31 3039 2313 0.0 17 32517 4 0.05 0.53 4.33 0.03 555
S 36 731 259 35 4.9 348.4 0.0 25 43 385 5 0.04 0.d4 4.40 0.03 S48
g 150 436 5.8 20 8.2 207.6 0.0 0.6 22,944 [ 0.05 013 4. 76 0.1 S26
T 0.2 T2 26 0.3 0.3 357 0.0 01 3,753 T 0.05 0.1z 4.35 0.0 522
g 0.5 350 12z 13 5.7 138.9 0.0 10 17675 i 0.05 0.6 4. 54 0.03 505
sum = 100.0 390.7 160.2 375 138.4 2967.3 oy 16.1 233503
0.410 0.10 0.4 7.6 0.0 0.041 598

obs bsfclgthp-hil [gthp-hr) [gthp-hr]  (gthp-hr) (gthp-hr)igthp-hr)

EPA Freight Duty Cycle Weighted Results

obs Fuel-Specific Emissions
w-BHP w-Fuel w-HC w-CO w-NOx w-CH4 wv-PM w»-COZ2 HC CO Zor. NO: PM cCoz
Notch WF w-[lblhr) w-[glhr] w-lglhr] w-[glhr] w-[glhr] w-[glhr] w-[glhr] Motch  [glib fuel) [gfib fucl) [gflb Fuel) (gfIb Fucl) (gilb Fuel)
IOLE 36,00 23 g.0 5.3 g.e 3.9 0.4 13 12136 IOLE 0.66 10z 42,52 0.1s 1.509
OBz 125 27 5.8 4.6 15.2 5.8 0.3 16 4,703 D&z 0.73 261 13.582 0z7 1431
1 6.5 16.4 7.0 24 E.0 1re.2 0.0 17 10,247 1 0.34 0.86 24.95 024 1453
2 6.5 35.0 13.0 38 7.3 3528 0.0 15 18,961 2 0.z23 0.56 27.05 of 1.456
3 5.2 S8.4 239 5.5 7.6 3452 0.0 13 34532 3 0.24 0.74 14.45 0.08 1452
4 . T Zrd 38 378 396.7 0.0 21 33,743 4 0.14 1356 13.02 0.05 1451
5 3.8 83.5 s 37 36.8 367.8 0.0 26 45,795 5 012 117 .66 0.05 1452
=1 3.9 3.4 41.0 5.1 213 539.58 0.0 16 59,654 =1 0.1z 0.5z 13.15 0.04 1.453
T 3.0 105.0 36.6 5.0 13.2 535.0 0.0 15 56,353 T 0.13 0.5¢ 13.73 0.04 1454
g 1622 TO5.3 246.2 383 133 32174 0.0 204 337,973 i 0.16 047 13.07 0.05 1454
EE 100.0% 1200.2 4428 T8.5 2787 E347.5 0.7 361 B44293
0.363 0.07 0.2 5.3 0.00 0.030 537

obs bsfclgthp-hil [gthp-hr) [gthp-hr]  (gthp-hr) (gthp-hrllgthp-hr)
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