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Introduction:

The MSHA Approval and Certification Center’s Diesel Laboratory has been conducting a series of tests
on various diesel fuels with and without the use of a Diesel Oxidation Catalyst (DOC). These tests
were conducted on an Isuzu 4JGI1T 4 cylinder turbocharged diesel engine. The fuels examined in the
study included low and ultralow sulfur petroleum based diesel fuels, biodiesel fuels and blends, and a
fischer-tropsch coal derived synthetic fuel.

The tests were conducted to examine the changes in engine emissions and performance when changing
diesel fuels from one type or manufacturer to another and to gage the emissions and performance of
each fuel when used in combination with a DOC. The tests measured the Diesel Particulate Matter
(DPM) gravimetric (mass) emissions and the DPM emissions analyzed for Total (TC), Organic (OC),
and Elemental (EC) Carbon composition. The MSHA regulated gas emissions of Carbon Dioxide
(CO2), Carbon Monoxide (CO), Nitric Oxide (NO), and Nitrogen Dioxide (NO2) of the engine were
also analyzed for each fuel and DOC combination.

The primary goal of the tests was to determine if there were large emissions performance changes
when changing from one fuel source to another, and if there were large variations in performance of a
particular fuel type between manufacturers. Another goal was to analyze the changes in emissions
behavior when a DOC is used in combination with the various fuels.
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The data generated from these series of tests were analyzed for the changes in the emissions
performance of the engine under each test condition and predictions for the most effective combination
for alternate mining equipment scenarios were made based on the data generated. Comparisons of the
MSHA data to other available fuel tests from the open technical literature and other U.S. government
research were conducted.

Background:

MSHA has promulgated two final rules for controlling miner’s exposure to DPM in underground
mines on January 19, 2001:

e 30 CFR Part 57 Diesel Particulate Matter Exposure of Underground Metal and Nonmetal
Miners
e 30 CFR Part 72 - Diesel Particulate Matter Exposure of Underground Coal Miners

Diesel Particulate Matter (DPM) is a component of diesel engine exhaust and is described in the
“METAL AND NONMETAL DIESEL PARTICULATE MATTER (DPM) STANDARD Compliance
Guide Q&As”1 as follows:

DPM is a component of diesel exhaust. DPM includes diesel soot and solid aerosols such as
organic carbon compounds, ash, metallic abrasion particles, sulfates and silicates. The majority
of diesel exhaust particles are less than 1.0 pm in size. Diesel soot particles have a solid core
mainly consisting of elemental carbon, with a wide variety of other substances attached to the
surface.

Exposure to high concentrations of DPM can result in a variety of serious adverse health effects.
These health effects have been found to include: (i) sensory irritations and respiratory
symptoms serious enough to distract or disable miners; (ii) premature death from
cardiovascular, cardiopulmonary, or respiratory causes; and (iii) lung cancer. The health effects
are discussed in the January 2001 and the June 2005 preambles.

Whole DPM samples obtained for gravimetric analysis are the standard method of analyzing engine-
out DPM emissions by MSHA for engine approvals and by the US EPA for compliance with their
engine emissions regulations. MSHA’s DPM standard for underground metal and nonmetal mines
limits miners” exposure to DPM by regulating total carbon (TC) exposures. Total carbon was selected
as a surrogate for DPM for compliance determination purposes because there is no practical sampling
or analytical method for measuring personal exposure to whole DPM in the underground mine
environment. Practical sampling and analytical methods do exist for measuring personal exposures to

1See http:/ /www.msha.gov/REGS/COMPLIAN /Guides/ MNMDPM/MNMdpmcompguide.pdf
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TC in the underground mine environment, and as noted above, TC is consistently 80% to 85% of DPM.
Thus, limiting TC exposure is a feasible means of controlling miners” exposure to DPM.

The rule for metal nonmetal mining allows the use of a wide variety of control technologies to reduce a
miner’s exposure to DPM. Compliance with the DPM limits in the final rule is based on in-mine testing
of the miner’s personal exposure. Some of the methods that may be used to meet the regulatory
requirements include:

e Increased/Improved mine ventilation

e Newer technology diesel engines and mining machines which include enclosed cabs
¢ Diesel Oxidation Catalyst? (DOC) or similar technologies

e DPM Exhaust Filters

e Alternate Fuels

These are engineering controls that reduce a miner’s exposure to DPM by reducing its concentration in
the mine atmosphere. These and other engineering controls, as well as administrative control methods
are discussed in detail in the Compliance Guide.

Two of these potential technologies are investigated in this report. One is the use of alternate fuels.
Alternate fuels for diesel engines are usually grouped as Biodiesels and Synthetic Diesels. Biodiesels
are fuels derived from plant or animal based sources, such as soybeans, vegetable oils, or animal fats.
Synthetic diesel fuels are some form of non-petroleum based fuel manufactured in a catalytic process
from a source such as coal, natural gas, or biomass?®. For this research, petroleum-based diesel fuels
were included in the tests both as a baseline to use for comparison and to test alternate formulations of
diesel fuel such as low sulfur (LSD) and ultralow sulfur (ULSD) fuels.

The second technology examined in this work is a DOC. This catalytic technology has a proven record
of reducing a diesel engine’s emissions of CO, gaseous hydrocarbons, and some components of DPM.
For each fuel tested, the engine’s emissions were tested with and without the use of the DOC on the
engine’s exhaust. From this information, a matrix of several combinations of fuels with and without
DOC can be compared to find the best combination for a mine’s currently available machines and
offers options for DPM control strategy.

For purposes of discussion in the appropriate section later in the report, it was imagined certain
scenarios that a mine operator investigating these technologies might be faced with for his mine. These
scenarios are based on what equipment they currently have and steps have already been taken to lower
their DPM emissions. Of these scenarios, the data generated by these experiments were used to show
steps they could take to further reduce DPM. The scenarios investigated are as follows:

2 A DOC is a device equivalent in operation, if not exact construction, to every automobile’s catalytic converter.
3 A Biomass source such as wood chips can be used.
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1. Mining machinery all running petroleum diesel (D-2 LSD used as baseline) and none using
DOC: what DPM reduction could be expected by only changing fuels?

2. Mining machinery is already using one of the test fuels (either petroleum or alternate): what
DPM benefit is there to adding a DOC to this existing fuel choice?

3. Mining machinery already universally equipped with DOCs: what fuel choice would offer
the best DPM reductions?

4. Mining machinery all running petroleum diesel (D-2 LSD used as baseline) and none using
DOC: what combination of fuel and DOC will offer best reductions in DPM?

Fuels Used for Testing:

Several fuels were used for testing purposes. These are shown in Table 1, with some of their primary
properties. Detailed data sheets on each fuel may be found in Appendix A.

Three petroleum based diesel fuels were tested. One was a 2005 specification low sulfur diesel (LSD).
This fuel is a certified version of the older EPA D-2 LSD. This is the fuel that has been used until
recently as the only fuel for MSHA approval testing of engines>. D-2 LSD was also until recently the
typical fuel available for on-highway vehicles. The second was 2007 specification certified ultralow
sulfur diesel (ULSD). ULSD is the new EPA D-2 standard fuel and has been replacing LSD D-2 for on-
highway use. ULSD D-2 has been accepted by MSHA as an alternate for LSD for approval testing.
This fuel is also required by several (if not most) engine manufacturers for newer technology engines.
The third diesel fuel is an on-highway D-2 ULSD purchased from a local distributor. This fuel is
representative of a typical ULSD as would be purchased by a mine operator. It also meets the ULSD D-
2 specification, but is somewhat different in properties and may contain additives not found in the
certified ULSD.

The biodiesels used in the study were provided by multiple manufacturers. One fuel was provided by
the Stepan Company. The product provided for testing was B100 Biodiesel SB-W, described as a
soybean oil methyl ester and is part of several products produced by the company for various
applications, including solvents®. Two biodiesel fuels were provided by lowa Renewable Energy REG
for testing”. The first formulation was B100 REG-9000-10 which is a pure soy-based biodiesel. The
second formulation was B100 REG-9000-5 which was a blend of soy-based biodiesel and animal fat
derived biodiesel. The mixture was 60% soy and 40% animal fat. The final biodiesel tested was a B508

4 Certified in this case means blended and tested to meet the specifications for this type of diesel fuel. Certified
fuel is used as the test fuel for EPA engine certifications (and MSHA engine approvals).

5 See § 7.86 Test equipment and specifications, http://www.msha.gov/30cfr/7.86.htm .

6 See www.stepan.com/en/products for more information.

7 See http:/ /www.regfuel.com/biodiesel.html for more information.

8 B50 is 50% biodiesel and 50% petroleum diesel.
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blend of Stepan SB-W and the on-highway ULSD D-2 discussed above. This mixture was a 50/50
blend (by volume).

The final fuel used for testing was a Fischer-Tropsch (F-T) synthetic diesel fuel. This fuel was
manufactured using GTL technology in South Africa by PetroSA%. The test fuel is 100% Fischer-
Tropsch® fuel, (note: it is usually blended with petroleum diesel fuel when sold in South Africa).
While not generally available in commercial quantities in the United States, it is a fuel with a long
history of development and some use around the world. This fuel was provided by Rentech Inc.1 and
representatives of the W.V. Mingo County Redevelopment Authority who are developing F-T
processes and potential production facilities in W.V.

Table 1: Fuel Properties.

FUEL API S.G. @ Cetane | Cetane | Sulfur | Viscosity | Flash
Gravity | 60F No. Index Point
degAPI ppm cSt @40C | degF

Certified 2005 LSD | 36.8 0.8370 45 47.3 322 2.5 158

Certified 2007 35.2 0.8462 44 441 9 22 150

ULSD

D-2 Highway (typ) | 44.4 0.8088 57.06 n/a 8 215 137

ULSD

Stepan SB-W BD n/a 0.8858 49.2 n/a 5.1 n/a 280

IRE REG-900-10 BD | 29.84 0.8794 59.4 n/a 7 4.379 262

IRE REG-9000-05 28.441 0.8781 50.9 n/a 1 4.088 246

BD12 29.938 59.4 5 4.379 295

B50 mix* n/a 0.843 ~53 n/a ~6.5 n/a ~208

PetroSA Fischer- n/a 0.7657 n/a n/a <1 ~1.6 147

Tropsch Synthetic

*50/50 (by volume) mix of Stepan SB-W and D-2 highway ULSD

Engine:

The engine used in testing all the diesel fuels listed above was an Isuzu 4JGITMA?®. This is a four
cylinder turbocharged engine rated at 83 hp at 2500rpm and a peak torque speed of 1800 rpm. It was

? See http:/ /www.petrosa.co.za/ under GTL technology for more information.

10 See http:/ /www .fischer-tropsch.org/ and http:/ /www.afdc.energy.cov/afdc/pdfs/epa_fischer.pdf for more
information on the development of the F-T process.

11 See http:/ /www.rentechinc.com/ for more information.

12 This is a blend of two biodiesel batches, the data shows the test results from the two individual batches, data
from the blended product was not provided.
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approved by MSHA for use in non-permissible areas of coal mines as Approval Number 7E-B095.
Under MSHA regulations, specified in §7.88 and §7.89%4, it requires a ventilation rate of 6000 CFM and
a Particulate Index of 6500 CFM. The approval test engine had a weighted average gravimetric DPM
emission of 11.05 g/hr (0.24 g/bhp-hr) based on the 8 mode steady state cycle shown in Table 2.

The Isuzu 4JG1TMA engine (serial # 8972496660) was donated to MSHA by Isuzu for experimental
purposes after being used by MSHA and Isuzu for a quality control audit and altitude simulation
experiments. It has been used in a number of test programs, including other synthetic diesel fuel tests.
It has been found to provide a stable platform for testing alternate fuels and after treatment devices and
has shown stable emissions after repeated baseline tests since 2005.

A comparison of previous engine baselines for the 4JG1T engine to data generated in this test series
using LSD may be found in Appendix B. In this comparison it is shown that the engine as used in the
current tests is not showing any significant deviations from past performance. In light of the fact that
the comparison baselines from the past were run with various LSD fuels, some certified, some not and
that test conditions were not always identical’> the consistency of the engine’s performance is more
than adequate for alternative fuel testing.

It should be noted that no adjustments whatsoever were made to the engine during testing. There was
no attempt to adjust timing to compensate for biodiesel’s inherent changes in injection and ignition
properties. Nor was there any attempt to adjust the engines fuel rate to try to match engine
performance between all the test fuels. The differences in fuel (mass) consumption, shown in the
results, would be primarily due to differences in fuel density.

The testing conducted here is therefore a reflection of a simple fuel change in a diesel powered mining
machine, without any attempt to optimize the engine for the alternate fuel. Some research on changes
in injection properties and engine optimization has been carried out by other researchers and this
information may be found in the discussion section.

13 See http:/ /www.isuzu.co.jp/world/product/industrial /i _spe01.html and

http:/ /www.isuzu.co.jp/world /product/industrial /pdf/i draw03.pdf for more information.

14 See http:/ /www.msha.gov/30cfr/7.88.htm and http:/ /www.msha.gov/30cfr/7.89.htm .

15 The most significant difference between the historical baselines for the 4]JG1T engine was exhaust restriction;
some tests were completed using the manufacturer’s maximum allowable backpressure, while some were run
with minimal, or some other backpressure setting. The difference was due to what type of experiment was being
performed at the time baseline data was needed.
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Diesel Oxidation Catalyst:

The DOC! used for testing was manufactured by Engine Control Systems (ECS). It is their Purifier!?
model (Part No. A16-0119, Serial No B106844) and was manufactured on 3/24/08. It was supplied by
ECS and sized for the Isuzu 4JG1T engine. The DOC was new when received, but was run on the Isuzu
engine for several hours before actual testing began.

Laboratory Equipment and Method:

MSHA'’s Approval and Certification Center maintains a fully equipped diesel test laboratory capable of
performing diesel engine and diesel power package approvals (Title 30 CFR, Part 7 subpart E and F
regulations). In addition other technical assistance testing involving diesel engines, fuels and pre-or-
after treatment technologies (filters, DOCs, alternate fuels, additives, etc) are undertaken in the interest
of improving the mining environment. Figure 1 shows the engine coupled to a dynamometer and
instrumented for testing. Figure 2 shows the dynamometer control room and associated laboratory
instrumentation.

The laboratory maintains two General Electric eddy current dynamometers. The dynamometer used
for this testing was a General Electric TH342, rated for 400 hp. The dynamometer is controlled using a
SuperFlow ProATC control sensor box with XConsole interface!s. The ProATC controls the engine’s
speed, torque and throttle settings and maintains desired set points with automatic PID? control. The
ProATC system also records all data from its own bank of instrumentation, as well as other sensors and
emissions system in the lab, creating one complete test file of all data to be analyzed.

Gaseous exhaust emissions sampling was performed using a Horiba laboratory sampling bench, which
can measure the raw undiluted CO2, CO, NO, and NO2 content of the diesel engine exhaust. The
Horiba bench contains an AIA-220 infrared analyzer for CO and CO2 measurements. It contains a
CLA-220 chemiluminescence analyzer for NOX measurement?. Gas handling, drying and temperature
control of the gas sample is controlled by systems embedded in the Horiba sampling bench.

16 More information on DOCs and their effect on engine emissions may be found at

http:/ /www.epa.gov/otaqg/diesel /documents /420f07068.htm and

http:/ /www.epa.gov/otaq/diesel /documents/420f07068.htm .

17 See

http:/ /www.enginecontrolsystems.com/images/products/doc/8.5x10%20AZ %20Purifiers % 20and % 20Purimuffl
ers.pdf for more information.

18 See http:/ /www.superflow.com/data/index_269.cfm for more information.

19 Proportion, Integral, Derivative, see http:/ /en.wikipedia.org/wiki/PID_controller.

20 The CLA-220 measures NO directly and uses a NOX converter to convert all oxides of nitrogen to NO. The
NO2 measurement is made by a total NOX measurement (with sample flow through the converter) and an NO-
only measurement (sample flow bypassing NOX converter). The difference between these to measurements is the
NO2 emissions.
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Fuel measurements were made using the Max Flow fuel consumption indicator system. Combustion
air flow to the engine was measured using a Meriam Laminar Flow element. Intake air restriction, and
exhaust backpressure, barometer, and other pressure measurements were made using various MKS
pressure sensors and/or pressure sensors embedded in the Superflow control system. Various
temperature measurements are read and recorded using the Superflow embedded thermocouple
readers and J-type thermocouples.

DPM sampling was performed using a Sierra BG-2 micro-dilution test stand?!. This instrument was
used to collect DPM samples for gravimetric (dpm mass emission) analysis. Samples obtained from the
BG-2 are weighed in a clean room using a Mettler Toledo micro balance. The BG-2 was also used to
collect DPM samples that were analyzed by MSHA's Pittsburgh Safety and Health Technology Center
(PSHTC), Dust Division, for NIOSH 5040 EC/OC analysis.

All testing was done using the MSHA's part 7, subpart E test protocol?2. This protocol is based on the
ISO-8178 type C1 standard test protocol. The MSHA test protocol is a steady state 8-mode test, and is
used by MSHA? for mining engine approvals. The 8-mode test is also used by the EPA for certain
classes of off-road engines. The 8-mode test measures the steady state performance and emissions at 8
points within the engine’s operating envelope, as shown in Table 2 below. The weighting factors adjust
emissions obtained at different test modes to give greater influence to higher load conditions at rated
speed when calculating average gravimetric DPM emissions?. For the Isuzu 4JG1ITMA engine, the
rated speed for modes 1 through 4 is 2500rpm and the intermediate speed for modes 5 through 7 is
1800rpm.

2l See http:/ /www.sierrainstruments.com/ techsupport/manuals/im_bgl.pdf for a description of the system
and its operation.

22 See http:/ /www.msha.gov/30cfr/7.0.htm .

23 See http:/ /www.dieselnet.com/standards/cycles/iso8178.html for more information on the 8-mode test
protocol.

24 http:/ /www.msha.gov/30cfr/7.88.htm .

% The 1SO-8178 method also applies the weighting factors when calculating the mass emissions of the gaseous
components of the exhaust. This is not used by the MSHA Part 7 test protocol, as gaseous mass emissions at each
of the 8 modes are calculated separately and used to compute a maximum ventilation rate for the engine. For the
analysis of gaseous emissions, weighting factors were applied per the ISO test protocol to analyze average effects
and to make the data comparable to EPA data. Ventilation rates and emissions were also compared modally per
Part 7.
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Table 2: MSHA §7.88 and §7.89 (ISO-8178 Type C1) 8-mode test points.

Mode 1 [ 2 |3 | 4 5 I |7 8
Engine Speed | Rated Speed Intermediate Speed Idle
Torque % 100 75 50 10 100 75 50 0
Weighting 0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15
Factor

The procedure used for all the fuel tests are outlined in Table 3 below. The main test variable was fuel
(8 fuels). Each fuel was tested under two conditions; with and without the DOC in the exhaust system.
Two tests were run per condition; a total of 32 tests were run to complete the series. The data
generated from the tests on each fuel yielded four 8-mode tests for each fuel. Two tests were
completed back to back without the DOC in the exhaust system, and two tests were completed back to
back with the DOC in the exhaust system. The engine was run for an average of 3 hours before testing
with each fuel on the bare engine and 3 hours before testing with each fuel for engine/DOC
combination.

These tests yielded two sets of performance and gas emission data from each test condition, one set of
gravimetric DPM samples per condition, and one set of 5040 EC/OC samples per condition2¢. This
yielded whole DPM samples compatible with MSHA approval data and TC data relevant to the 30 CFR
Part 57 regulations.

The DPM samples collected for NIOSH 5040 analysis?” were used to determine the carbon components
of the DPM in the exhaust. The analysis provides the Elemental Carbon (EC), the Organic Carbon (OC)
and Total Carbon (TC) content of the engine’s raw exhaust in micrograms per cubic meter of exhaust
gas. While the concentration of the carbon in raw exhaust is much higher than an in-mine
environment, it is these components that are diluted by mine air and are collected for compliance
testing. Changes in engine-out emissions will directly affect changes in mine air quality, though the
actual percent change in the mine is dependent on other variables, such as ventilation.

The DPM samples collected for 5040 analysis were sent to MSHA’s PSHTC Dust Division for analysis
using the same equipment used for processing in-mine personal and area samples. Data on EC, OC,
and TC emissions of the engine were returned to the Diesel Lab for analysis. The gravimetric DPM

2% One of the back-to-back 8-mode tests was used to collect gravimetric DPM samples, one was used to collect
NIOSH 5040 samples, and gas emission and other data were collected for both.

27 See http:/ /www.cdc.gov /niosh/nmam/pdfs/5040£3.pdf for 5040 method and

http:/ /www.cdc.gov/niosh/mining/pubs/pdfs/ifdpm.pdf for information on in-mine sampling methods.
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samples were weighed, after appropriate conditioning (per §7.89) and modal and weighted average
DPM emissions were calculated.

The weighting factors that were applied to the modal gravimetric DPM data are provided in the ISO-
8178 type C1 standard test protocol and are used by MSHA for Part 7, subpart E engine approvals (see
Table 2). The DPM emission for each mode is multiplied by the weight factor for that mode in Table 2.
These are then added together to calculate the weighted average DPM emission for the test?8. There is
no protocol in the MSHA or ISO test method for analyzing carbon (EC, OC, and TC) data, but the
carbon samples were obtained and carbon analysis was performed in this test series because the MSHA
MNM DPM regulation uses TC as the surrogate for DPM. For compatibility with the test method the
same weighting factors were applied as gravimetric DPM samples when computing the averages for
the carbon data?.

As noted above, DPM samples used for gravimetric analysis are the standard method of analyzing
engine-out DPM emissions by MSHA for engine approvals. These emissions include the carbon forms
mentioned above, and other non-carbon solids that comprise DPM. Some of the “other” materials can
include sulfates, nitrates, metal particles, ash, silicates, etc. Normally the carbon component of DPM is
around 85% or more, but changes in fuel sulfur, fuel additives, and after treatment systems can alter
the relative percentage of these components. The gravimetric test does not differentiate the
components, but gives a total weight of particulate mass.

Gas emissions data and other test data for each 8-mode test were input into the standard 8-mode data
sheet used by the Diesel Lab for documenting tests. The two sets of data for each test condition were
then averaged together into a composite performance for that test condition, which is the data that will
be discussed in the results section below.

28 Modes 1, 2, 3 and 8 are given a weight factor of 0.15, giving them a higher importance in the resulting average
than the other modes. If all were given equal emphasis, then the weight factors would all be 0.125.

2 The weight factors applied to the steady state 8 mode cycle are used to calculate an average emission based
upon giving certain modes more effect on the resulting average than others. In effect, this models an assumed
duty cycle for the engine. Calculations where alternate duty cycles could be modeled are discussed in the
comments at the end of the report.
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Table 3: General Procedure for Fuel Testing Experiment

STEP Item

1 Drain Fuel System

2 Refill Fuel System with Test Fuel

3 Input Specific Gravity Data in Fuel Measurement System

4 Run Engine on Test Fuel at Various Speeds and Loads: Min Time 2.5 hrs Max Time
3.5 hrs (Ave 3 hours)

5 Run 8-mode test, collecting gas emission and gravimetric DPM Data

6 Re-Run 8-mode test, collecting gas emission data and collecting samples for
NIOSH 5040 test

7 Analyze each 8-mode test: weigh gravimetric DPM samples, send 5040 samples to
MSHA Dust Div. for analysis

8 Analyze tests run in Step 5 and 6: two test average of gas emission data, one test
sample set for gravimetric DPM, on set of 5040 data

9 Add (or remove) DOC from Exhaust System

10 Repeat Steps 4 through 7

11 Next test fuel: go to step 1 and repeat
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(b)
Figure 1 (a): Isuzu 4JG1T engine installed and instrumented for testing. (b) View of GE
dynamometer and SuperFlow Control System.
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Figure 2: Laboratory control room showing XConsole, Horiba Emissions Bench, Sierra BG-2 and miscellaneous other instrumentation.
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Results:

The results of all the testing will be shown below. More detailed tabulations, data sheets and charts
showing of the emissions data may be found in Appendix C. The discussion section to follow will
delve into what impact this data might have on the decision making for DPM reduction strategies, and
comparisons of these results to other available data.

DPM Emissions, Gravimetric:

The weighted average gravimetric DPM emissions data for the tests conducted are shown in Table 4.
The data shows the bare engine DPM emission and the engine/DOC combination DPM emission for
each fuel tested. Shown in the table are DPM percent change calculations between bare engine test
and the LSD baseline, as well as percent changes between with and without DOC and overall change in
fuel/DOC combinations compared to LSD bare engine baseline. A graphic representation of the data
may be found in Figure 3.

Table 4: DPM gravimetric Weighted Average Data

Fuel No. [FUEL Bare Engine DPM Engine +DOC DPM
(g/hr) (g/hr) % change w/ DOC |% change from LSD-Bare

1/2005 spec LSD Certified 9.03 10.84 20.0 20.0

22007 spec ULSD Certified 9.02 7.5 -16.9 -16.9
% change fromLSD -0.1 -30.8

3|Highway ULSD 7.31 8.74 19.6 -3.2
% change fromLSD -19.0 -19.4

4[Stepan SB-W biodiesel 8.47 4.38 -48.3 -51.5
% change fromLSD -6.2 -59.6

5|IRE REG-9000-10 biodiesel 8.62 4.87 -43.5 -46.1
% change fromLSD -4.5 -55.1

6|IRE REG-9000-5 biodiesel 8.21 4.73 -42.4 -47.6
% change fromLSD -9.1 -56.4

7|B50 Mix* 7.78 5.69 -26.9 -37.0
% change fromLSD -13.8 -47.5

8| PetroSA Fischer-Tropsch synthetic 6.33 6.06 -4.3 -32.9
% change fromLSD -29.9 -44.1

*B50: 50/50 Mix of Stepan SB-W and Highway ULSD

For the bare engine tests, it is notable that none of the B100 biodiesels lowered gravimetric emissions
significantly. The B50 blend did lower the DPM emissions nearly 14% compared to LSD, but the
highway ULSD sample alone lower DPM 19% compared to LSD. This lower emission of the highway
sample is probably due mostly to low density and high cetane number. Mixing it with SB-W biodiesel
lowered cetane and raised density, causing higher DPM than the ULSD alone.

It is also notable that the highway ULSD had lower gravimetric DPM than the B100 fuels.
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For the DOC tests, it was found that the addition of the DOC significantly lowered DPM emissions for
all the fuels, except F-T which was only slightly lower and LSD and highway ULSD which went up.
For the LSD adding a DOC increased DPM emissions by 20%; this is postulated to sulfate production in
the DOC and has been observed in other tests at MSHA. For the highway ULSD, the increase in DPM
is unexplained, but could be due to commercial fuel additives in this product.

For the B100 biodiesels adding a DOC significantly lowered DPM, whether you compared it to B100 on
a bare engine, or compared it with LSD with or without a DOC. B100 emissions were lowered 42-48%
with the addition of a DOC. B100 DPM emissions were lowered 55-59% compared to LSD with a DOC.
B100 DPM emissions were lowered 46-51% compared to LSD on a bare engine.

For the F-T fuel, bare engine DPM emissions were lowered by 30% compared to LSD. The addition of
the DOC did not significantly improve it performance, which will be discussed below. These results

are consistent with the F-T fuel tests conducted previously by MSHA on Syntroleum S-2 and Synpar
200 synthetic fuels.

Fuel Tests Gravimetric DPM Emissions

12

10

Weighted Average DPM (g/hr)
o
|

2 i —
0
2005 spec 2007 spec Highway Stepan SB- IRE REG- IRE REG- B50 Mix* PetroSA
LSD ULSD ULSD W 9000-10 9000-5 Fischer-
Certified Certified Tropsch
Fuel

‘EI Bare Engine B Engine + DOC ‘
Figure 3: Weighted Average DPM Emission Data (from Table 4).
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Carbon Emissions, Bare Engine:

The carbon component of the DPM emission, as measured by the NIOSH 5040 samples, are shown in
Table 5 for the bare engine tests. Data sheets and charts of the data may be found in Appendix C. The
tables show the EC, OC and TC emissions for each fuel test for all 8 of the test modes. Changes in each
of these emissions are compared to the baseline emissions for each test mode and an average
percentage change3? for the entire test is highlighted in the right hand column. These average changes
are discussed below.

An interesting result from the bare engine tests include the relative lack of difference in carbon
emissions in the three petroleum fuels, with the exception of 12.9% lower OC emissions from highway
ULSD than LSD. This one significant change is again probably due to the high cetane and low density
of the highway ULSD.

The B100 fuels all show significant reductions in EC emissions in comparison to the petroleum based
diesel fuels. This EC reduction was from 52-61% depending B100 product, when compared to LSD.
The B50 blend showed an EC reduction of 46%. The F-T fuel also had a significant EC reduction of
27.5%.

The B100 fuels all showed significant increases in OC emissions compared to petroleum diesel. This
increase varied from 56 to 72% for the B100 fuels. The B50 fuel had a less significant OC increase of
27%. Only the F-T fuel showed both EC and OC reductions, the OC being 37% lower than the LSD
baseline.

For the B100 fuels, these opposing trends of lowered EC and increased OC resulted in lower TC
reductions than expected. This can be observed in the TC (TC=EC+OC) data. For the B100 fuels, the
TC emissions were reduced compared to the LSD baseline, but only by 12-13%. For the B50 blend, the
TC emissions were reduced 19% compared to LSD3!. The most effective fuel for TC reductions on the
bare engine was the F-T fuel, with a reduction of 31% compared to LSD.

30 As noted previously, this percent change uses the weighted average per the ISO weight factors. Percent
changes by mode are also shown in the Table.

31 It may be speculated that the blended fuel produced some of the EC reduction of B100, without more OC
increase as B100, allowing moderately better TC performance than B100.

A&CC Diesel Laboratory Page 16 of 53
FILE: P09-38 Attchmt 6 - MSHA-fuel test - Report 2.doc

Signature:-



u.s. Department of Labor Mine Safety and Health Administration
Industrial Park Road

RR1, Box 251
Triadelphia, West Virginia 26059

FINAIL REPORT
Table 5: Carbon Emission (EC/OC/TC) Results from NIOSH 5040 Analysis: Bare Engine Data.
EUEL TESTING on Isuzu 4JG1T Diesel Engine
EC/OC Carbon DPM Data for Bare Engine
Bare Engine Test Test Mode Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted|[Average
(ug/m3) (ug/m3) |(ug/m3) [(ug/m3) [(ug/m3) |(ug/m3) [(ug/m3) |(ug/m3) Average|%Difference
12005 spec LSD Certified EC 22617 25554 | 18887 | 14111 | 32748 | 24076 | 16282 1106 18946.3
oC 11468 11104 [ 10198 | 13718 | 13341 9673 9510 7616 10682.1
TC 34085 36659 [ 29085 | 27829 | 46089 | 33750 | 25799 8722 29629.35|
% OCin TC 33.6 30.3 35.1 49.3 28.9 28.7 36.9 87.3 41.3)Average
2|2007 spec ULSD Certified EC 25116 30935 | 19728 | 13010 | 34517 | 23256 | 16370 20082.15)
oC 10718 9786 9564 14488 | 10348 8618 10689 8403 10184.95
TC 36093 40713 | 29292 | 27498 | 44872 | 31874 | 27058 9002 30395.2]
% OCin TC 29.7 24.0 32.7 52.7 23.1 27.0 39.5 93.3 40.3|Average
EC % change from LSD 11.0 21.1 4.5 -7.8 5.4 -3.4 0.5 na 6.0
OC % change from LSD -6.5 -11.9 -6.2 5.6 -22.4 -10.9 12.4 10.3 -4.7
TC % change from LSD 5.9 11.1 0.7 -1.2 -2.6 -5.6 4.9 3.2 2.6
3|Highway ULSD EC 21974 27941 | 16546 | 17912 | 43091 | 24139 | 10254 [ 1156 19682.15
oC 11284 8948 10225 | 12634 9819 7052 7969 6621 9309.1]
TC 33250 36890 [ 26770 | 30546 | 52910 | 31191 | 18223 7777 28990.05
% OCin TC 33.9 24.3 38.2 41.4 18.6 22.6 43.7 85.1 38.5|Average
EC % change from LSD -2.8 9.3 -12.4 26.9 31.6 0.3 -37.0 4.5 3.9
OC % change from LSD -1.6 -19.4 0.3 -7.9 -26.4 -27.1 -16.2 -13.1 -12.9
TC % change from LSD -2.4 0.6 -8.0 9.8 14.8 -7.6 -29.4 -10.8 -2.2
4|Stepan SB-W EC 11039 14446 8586 5776 18845 9164 6920 9181.15]
biodiesel ocC 14971 18924 [ 20382 | 17186 | 14225 | 16967 | 18635 | 12244 16679.45
TC 26009 33370 | 28968 | 22962 | 33070 | 26132 [ 25556 | 12564 25908.65|
% OC in TC 57.6 56.7 70.4 74.8 43.0 64.9 72.9 97.5 67.2]|Average
EC % change from LSD -51.2 435 | 545 | -59.1 | -425 | -61.9 | -57.5 na -51.5
OC % change from LSD 30.5 70.4 99.9 25.3 6.6 75.4 96.0 60.8 56.1
TC % change from LSD -23.7 -9.0 -0.4 -17.5 -28.2 -22.6 -0.9 44.0 -12.6
5{IRE REG-9000-10 EC 9131 11127 7260 4080 17239 6968 5059 7462.3]
biodiesel ocC 17269 21786 | 19500 | 19116 | 14717 | 20843 [ 20049 | 13562 18290.05
TC 26400 32913 [ 26760 | 23195 | 31956 | 27819 [ 25107 | 14260 25857.65
% OCin TC 65.4 66.2 72.9 82.4 46.1 74.9 79.9 95.1 72.9]Average
EC % change from LSD -59.6 -56.5 -61.6 -71.1 -47.4 -71.1 -68.9 na -60.6
OC % change from LSD 50.6 96.2 91.2 39.3 10.3 115.5 | 110.8 78.1 71.2
TC % change from LSD -22.5 -10.2 -8.0 -16.7 -30.7 -17.6 -2.7 63.5 -12.7
6/ IRE REG-9000-5 EC 10012 11820 6667 4619 14017 6727 5055 7316.65]
biodiesel oC 17185 23246 | 19896 | 19683 | 14530 | 18524 [ 20301 | 13352 18355.65
TC 27204 35066 | 26563 | 24302 | 28546 | 25259 [ 25355 | 13866 25751.05
% OCin TC 63.2 66.3 74.9 81.0 50.9 73.3 80.1 96.3 73.2]Average
EC % change from LSD -55.7 -53.7 -64.7 -67.3 -57.2 -72.1 -69.0 na -61.4
OC % change from LSD 49.9 109.3 95.1 43.5 8.9 91.5 1135 75.3 71.8
TC % change from LSD -20.2 -4.3 -8.7 -12.7 -38.1 -25.2 -1.7 59.0 -13.1
7|B50 Mix* EC 14096 14681 8603 8452 17302 | 14494 6396 10271.4
oC 12374 14089 [ 14668 | 14807 | 13744 | 13724 | 15885 | 10437 13551.2
TC 26470 28770 | 23271 | 23259 | 31045 | 28225 [ 22281 | 11163 23932.1]
% OCinTC 46.7 49.0 63.0 63.7 44.3 48.6 71.3 93.5 60.0|Average
EC % change from LSD -37.7 -42.5 -54.5 -40.1 -47.2 -39.8 -60.7 na -45.8
OC % change from LSD 7.9 26.9 43.8 7.9 3.0 41.9 67.0 37.0 26.9
TC % change from LSD -22.3 -21.5 -20.0 -16.4 -32.6 -16.4 -13.6 28.0 -19.2
8lPetroSA Fischer-Tropsch EC 24423 18580 9290 8775 24354 | 16964 8871 13740.35
synthetic oC 8359 8650 7853 7144 6948 4935 5203 4213 6784.25|
TC 32783 27222 | 17136 | 15926 | 31302 | 21900 | 14081 4437 20557.6|
% OCin TC 25.5 31.8 45.8 44.9 22.2 22.5 37.0 95.0 40.6]Average
EC % change from LSD 8.0 -27.3 -50.8 -37.8 -25.6 -29.5 -45.5 na -27.5
OC % change from LSD -27.1 221 | -23.0 | -47.9 | 479 | -49.0 | -453 | -44.7 -36.5
TC % change from LSD -3.8 -25.7 -41.1 -42.8 -32.1 -35.1 -45.4 -49.1 -30.6
Weight Factors:
0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
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Carbon Emissions, Engine with DOC:

The carbon component of the DPM emission, as measured by the NIOSH 5040 samples, are shown in
Table 6 for tests with the DOC. Data sheets and charts of the data may be found in Appendix C. The
tables show the EC, OC and TC emissions for each fuel test for all 8 of the test modes. Changes in each
of these emissions are compared to the baseline emissions for each test mode and an average
percentage change for the entire test is highlighted in the right hand column. The baselines for
comparison are the fuel’s data from its bare engine test and the LSD with DOC test (LSD/DOC).

The petroleum diesels all showed reduced OC emissions due to the DOC reacting with the organic
carbon. OC was reduced 42-51% compared to each fuel’s bare engine data. EC emissions appear to be
nearly unaffected by the addition of a DOC to the engine. The TC reductions for the petroleum diesels,
due to the addition of a DOC, were from 12-15%.

The B100’s all showed significant reductions in OC emissions with the addition of a DOC, 63-65%.
Interestingly OC emissions of the B100’s were still higher than the LSD/DOC combination by 5-10%.
B50 showed a 60% reduction in OC over its bare engine data, while F-T showed a 31% OC reduction
over its bare engine data.

Changes in EC emissions for B100’s with a DOC varied between an 8% reduction and a 15% increase,
depending on fuel. This minor variation in EC emission did not affect the B100’s overall EC
improvement over LSD/DOC, which equated to reductions of 58-63%. EC emissions of B50 with DOC
were 44 % better than LSD/DOC and F-T EC was reduced 26% from LSD/DOC.

All these relative changes in EC and OC translate to a B100 reduction in TC emissions of around 43%
with the addition of a DOC. This reduction makes B100’s TC emissions around 44% lower than a
LSD/DOC combination. B50’s TC was lowered 29% with the addition of a DOC and is 35% better than
LSD/DOC. The E-T fuel’s TC was only marginally lower by 4% by use of the DOC, but still has TC
25% lower than the LSD/DOC combination.
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Table 6: Carbon Emission (EC/OC/TC) Results from NIOSH 5040 Analysis: Engine with DOC Data.

FUEL TESTING on Isuzu 4JG1T Diesel Engine
EC/OC Carbon DPM Data for Engine+DOC Combination
Engine + DOC Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted[Average
(ug/m3) (ugm3) Jug/m3) Jwgm3) Jugm3a) Jwgm3) Jugma) Jwugms) Averagel||bifference
1)2005 spec LSD Certified EC 23274 28299 | 20332 | 14895 | 33431 | 27289 | 15217 906 20004.85,
[e]e} 8756 8078 6988 7329 6427 4867 4387 1878 6156
TC 32037 36377 | 27320 | 22224 | 39857 | 32156 | 19604 | 2791 26162.85
% OCinTC 27.3 22.2 25.6 33.0 16.1 15.1 22.4 67.3 28.6|Average
|EC % change from bare engine 29 10.7 7.7 5.6 21 13.3 -6.5 -18.1 5.6
OC % change from bare engine -23.6 -27.3 -31.5 -46.6 -51.8 -49.7 -53.9 -75.3 -42.4]
TC % change from bare engine -6.0 -0.8 -6.1 -20.1 -13.5 -4.7 -24.0 -68.0 -11.7]
2[2007 spec ULSD Certified [ec| 23341 28821 | 20707 | 12638 | 41127 | 28157 | 16690 20791.55
ocC| 5637 5764 6048 5926 5472 3935 4622 2422 4976.15
TC 28978 34585 | 26754 | 18563 | 46600 | 32099 | 21312 3147 25877
% OCin TC 19.5 16.7 22.6 319 11.7 12.3 217 77.0 26.7|Average
EC % change from bare engine 7.1 -6.8 5.0 -2.9 19.1 21.1 2.0 na 3.5
OC % change from bare engine -47.4 -41.1 -36.8 -59.1 -47.1 -54.3 -56.8 -71.2 -51.1]
TC % change from bare engine -19.7 -15.1 -8.7 -32.5 3.9 0.7 -21.2 -65.0 -14.9]
EC % change from LSD w/ DOC 0.3 1.8 1.8 -15.2 23.0 3.2 9.7 na 3.9
OC % change from LSD w/ DOC -35.6 -28.6 -13.5 -19.1 -14.9 -19.1 5.4 29.0 -19.2]
TC % change from LSD w/ DOC -9.5 -4.9 -2.1 -16.5 16.9 -0.2 8.7 12.8 -1.1]
3|Highway ULSD |EC 27260 27093 | 16735 | 15755 | 41303 | 22586 | 13569 1059 20143.35
OC| 5591 5416 9079 4998 4464 4179 4976 2693 5278.55
TC 32851 32501 | 25814 | 20752 | 45774 | 26764 | 18544 3752 25421.1
% OCinTC 17.0 16.7 35.2 24.1 9.8 15.6 26.8 71.8 27.1|Average
EC % change from bare engine 24.1 -3.0 1.1 -12.0 -4.1 -6.4 32.3 -8.4 2.3
OC % change from bare engine -50.5 -39.5 -11.2 -60.4 [ -54.5 -40.7 -37.6 | -59.3 -43.3
TC % change from bare engine -1.2 -11.9 -3.6 -32.1 -13.5 -14.2 1.8 -51.8 -12.3]
EC % change from LSD w/ DOC 17.1 -4.3 -17.7 5.8 23.5 -17.2 -10.8 16.9 0.7
OC % change from LSD w/ DOC -36.1 -33.0 29.9 -31.8 -30.5 -14.1 13.4 43.4 -14.3]
TC % change from LSD w/ DOC 25 -10.7 -5.5 -6.6 14.8 -16.8 -5.4 34.4 -2.8|
4|Stepan SB-W EC 10149 12256 | 7379 | 4425 | 20853 | 9469 | 6261 8568.4
biodiesel ocC| 5278 6291 7180 7084 4812 7429 6845 3986 6027.25|
TC 15427 18546 | 14559 | 11509 | 25657 | 16898 | 13098 4244 14632.6|
% OCinTC 34.2 33.9 49.3 61.6 18.8 44.0 52.3 93.9 48.5|Average
EC % change from bare engine -8.1 -15.2 -14.1 -23.4 10.7 3.3 -9.5 na -6.7
OC % change from bare engine -64.7 -66.8 | -648 | -588 | -66.2 | -56.2 | -63.3 | -67.4 -63.9
TC % change from bare engine -40.7 -44.4 -49.7 -49.9 -22.4 -35.3 -48.7 -66.2 -43.5|
EC % change from LSD w/ DOC -56.4 -56.7 -63.7 -70.3 -37.6 -65.3 -58.9 na -57.2]
OC % change from LSD w/ DOC -39.7 -22.1 2.7 -3.3 -25.1 52.6 56.0 112.2 -2.1
TC % change from LSD w/ DOC -51.8 -49.0 -46.7 -48.2 -35.6 -47.4 -33.2 52.1 -44.1]
s|IRE REG-9000-10 |EC 9692 11151 6277 3789 16583 | 9371 5647 7607
biodiesel (el 7563 9439 7790 7124 6057 6510 5781 3474 6787.1
TC 17255 20590 | 14074 | 10906 | 22640 | 15881 | 11428 4107 14489.4]
% OCin TC 43.8 45.8 55.4 65.3 26.8 41.0 50.6 84.6 51.7|Average
|EC % change from bare engine 6.1 0.2 -13.5 -7.1 -3.8 34.5 11.6 na 1.9
OC % change from bare engine -56.2 -56.7 -60.1 -62.7 -58.8 -68.8 -71.2 -74.4 -62.9
TC % change from bare engine -34.6 -37.4 -47.4 -53.0 -29.2 -42.9 -54.5 -71.2 -44.0|
EC % change from LSD w/ DOC -58.4 -60.6 -69.1 -74.6 -50.4 -65.7 -62.9 na -62.0|
OC % change from LSD w/ DOC -13.6 16.8 11.5 -2.8 -5.8 33.8 31.8 85.0 10.3
TC % change from LSD w/ DOC -46.1 -43.4 -48.5 -50.9 -43.2 -50.6 -41.7 47.2 -44.6
6|IRE REG-9000-5 |EC 10428 11594 7550 4770 18110 | 8876 6223 8233.7|
biodiesel OC| 6333 7799 8021 7614 6255 6017 6140 3603 6466
TC 16762 19392 | 15571 | 12384 | 24365 | 14892 | 12363 4179 14786
% OCinTC 37.8 40.2 515 61.5 25.7 40.4 49.7 86.2 49.1|Average
EC % change from bare engine 4.2 -1.9 13.2 3.3 29.2 319 23.1 na 12.5]
OC % change from bare engine -63.1 -66.5 -59.7 -61.3 -57.0 -67.5 -69.8 -73.0 -64.8|
TC % change from bare engine -38.4 -44.7 -41.4 -49.0 -14.6 -41.0 -51.2 -69.9 -42.6
EC % change from LSD w/ DOC -55.2 -59.0 -62.9 -68.0 -45.8 -67.5 -59.1 na -58.8|
OC % change from LSD w/ DOC 27.7 -3.5 14.8 3.9 2.7 23.6 40.0 91.9 5.0]
TC % change from LSD w/ DOC -47.7 -46.7 -43.0 -44.3 -38.9 -53.7 -36.9 49.7 -43.5]
7|B50 Mix* EC 14940 18215 | 9723 | 7617 | 21289 | 14161 [ 6910 11429.4
OC| 5977 6915 6415 5973 5657 5084 4577 2605 5415.
TC 20910 25130 | 16138 | 13583 | 26947 | 19245 | 11487 3298 16947.
% OCinTC 28.6 27.5 39.8 44.0 21.0 26.4 39.8 79.0 38.3|Average
EC % change from bare engine 6.0 24.1 13.0 -9.9 23.0 -2.3 8.0 na 11.3
OC % change from bare engine -51.7 -50.9 -56.3 -59.7 -58.8 -63.0 -71.2 -75.0 -60.0|
TC % change from bare engine -21.0 -12.7 -30.7 -41.6 -13.2 -31.8 -48.4 -70.5 -29.2]
EC % change from LSD w/ DOC -35.8 356 | -522 | -489 | -36.3 | -48.1 | -54.6 na _42.9
OC % change from LSD w/ DOC -31.7 -14.4 -8.2 -18.5 -12.0 4.5 4.3 38.7 -12.0|
TC % change from LSD w/ DOC -34.7 -30.9 -40.9 -38.9 -32.4 -40.2 -41.4 18.2 -35.2]
8|PetroSA Fischer-Tropsch EC 24669 20418 | 10726 | 11380 | 27878 | 18509 9195 15068.15
synthetic (el 6425 5501 4653 4643 4895 4497 3598 2450 4617.65
TC 31094 25919 | 15380 | 16023 | 32773 | 23006 | 12785 2776 19734.05
% OCin TC 20.7 212 30.3 29.0 14.9 195 28.1 88.3 31.5|Average
|EC % change from bare engine 1.0 9.9 15.5 29.7 145 9.1 3.7 na 9.7]
OC % change from bare engine -23.1 -36.4 -40.7 -35.0 -29.5 -8.9 -30.8 -41.8 -31.9
TC % change from bare engine -5.2 -4.8 -10.2 0.6 4.7 5.1 -9.2 -37.4 -4.0]
EC % change from LSD w/ DOC 6.0 -27.8 -47.2 -23.6 -16.6 -32.2 -39.6 na -24.7
OC % change from LSD w/ DOC -26.6 -31.9 -33.4 -36.6 -23.8 -7.6 -18.0 30.5 -25.0|
TC % change from LSD w/ DOC -2.9 -28.7 -43.7 -27.9 -17.8 -28.5 -34.8 -0.5 -24.6
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD Weight Factors:
0.15 0.15 0.1 0.1 0.1 0.1 0.15
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Gas Emissions, NO:

Table 7 shows the nitric oxide (NO) emissions for the fuel tests with and without the DOC. The table
shows the raw NO emissions (in g/hr) and the ventilation rate calculations; i.e., the CFM of ventilation
air required to keep NO ambient levels below the MSHA limits in the mine environment. The table
also compares the changes in NO emissions for all the tests to the LSD baseline for the bare engine tests
and compares a fuel’s emissions with a DOC to its bare engine test. The weighted averages for each
test are calculated and percent differences are calculated.

For the bare engine tests, the only significant variation in the petroleum diesels was a 13% lower NO
emission from the highway ULSD compared to LSD. The B100 fuels did not show any significant
changes in NO, varying from a 1% reduction to a 7.7% increase. The B50 NO emission did not vary
significantly from LSD. The F-T fuel did lower NO significantly by 27%.

For the tests with the DOC, the emissions of NO did vary somewhat from the bare engine values.
Generally, the DOC tests produced a reduction in NO emissions on all the fuels tested when compared
to its bare engine counterpart. This reduction varied from 11% to a more significant 20% for one of the
B100 formulas. These reductions in NO correlate directly to NO2 changes as discussed below?32.

Gas Emissions, NO2:

Table 8 shows the nitrogen dioxide (NO2) emissions for the fuel tests with and without the DOC. The
table shows the raw NO2 emissions (in g/hr) and the ventilation rate calculations of the CFM of
required to keep NO2 ambient levels below the MSHA required limits in the mine environment. The
table also compares the changes in NO2 emissions for all the tests to the LSD baseline for the bare
engine tests and compares a fuel’s emissions with a DOC to its bare engine test. The weighted averages
for each test are calculated and percent differences are calculated.

For the bare engine tests, NO2 emissions from all fuels were lower than the data from LSD. The
petroleum based ULSD fuels were 7-10% lower than LSD. For the B100’s, NO2 was 8-21% lower than
LSD. B50 reduced NO2 by 9%, while the F-T reduced NO2 by 15%.

The DOC tests produced some significant NO2 increases in all fuels due to the DOCs oxidation of NO
to NO2. For the petroleum diesels, the average increase varied from 90 to 146%. For the B100 fuels,
increases in NO2 due to the use of the DOC varied from 184% to 209% depending on fuel. B50 fuel
increased NO2 147%, while the F-T had an increase in NO2 of 99%.

32 The reduction in NO is due to the conversion of NO to NO2 by the DOC.
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These increases in NO2 emissions with the use of a DOC has been noted in other MSHA tests and in
research conducted by other laboratories. The effects of this NO2 on the mine environment will be
covered in the discussion section.

Table 7: NO Emission and Ventilation Rate Calculation for Fuel Tests.

FUEL TESTING on Isuzu 4JG1T Diesel Engine
NO Emissions Data, gr/hr
with ventillation rates
Bare Engine Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted|[Average
Average||% Diff
1]2005 spec LSD Certified g/hr 266.19 181.75 113.60 30.09 240.84 171.80 110.14 14.72] 141.7|
CFM Vent 4938 3371 2107 558 4468 3187 2043 273
2|2007 spec ULSD Certified g/hr 272.52 183.40 115.27 30.21 246.15 179.24 112.04 12.57, 144.3
CFM Vent 5055 3402 2138 560 4566 3325 2078 233 1.8
% change from LSD 2.4 0.9 1.5 0.4 2.2 4.3] 1.7 -14.6]
3|Highway ULSD g/hr 235.47 152.95 95.16 25.83 209.60 152.62 95.69 13.25] 122.9]
CFM Vent 4368 2837 1765 479 3888 2831 1775 246 -13.3]
% change from LSD -11.5| -15.8 -16.2 -14.1 -13.0| -11.2 -13.1 -10.0|
4|Stepan SB-W biodiesel g/hr 288.52 194.50 121.47 34.08 255.29 186.30, 121.57 14.93 152.6]
CFM Vent 5352 3608 2253 632 4736 3456 2255 277 7.7
% change from LSD 8.4 7.0 6.9 13.3 6.0 8.4 10.4] 1.4]
5|IRE REG-9000-10 biodiesel g/hr 259.27 173.66 111.74 30.25 240.79 177.17 108.20 15.55 139.7|
CFM Vent 4809 3221 2073 561 4467 3286 2007 288 -1.44
% change from LSD| -2.6 -4.5 -1.6 0.5 0.0 3.1 -1.8 5.6
6|IRE REG-9000-5 biodiesel g/hr 273.66 184.34 118.89 30.54 259.38 191.16 119.34 17.52] 149.2]
CFM Vent 5076 3419 2205 566 4811 3546 2214 325 5.3
% change from LSD| 2.8| 1.4 4.7 1.5 7.7 11.3] 8.4 19.0]
7|B50 Mix* g/hr 260.03 175.05 109.68 28.93 237.75 168.69 111.20 15.27 138.7|
CFM Vent 4823 3247 2035 537 4410 3129 2063 283 -2.2
% change from LSD| -2.3 -3.7 -3.4] -3.8 -1.3 -1.8 1.0 3.7
8|PetroSA Fischer-Tropsch Syn. g/hr 189.28 128.80, 81.90 22.50 184.05 129.58 83.41 13.66 104.0]
CFM Vent 3511 2389 1519 417 3414 2404 1547 253 -26.6]
% change from LSD -28.9 -29.1 -27.9 -25.2 -23.6| -24.6| -24.3 -7.2
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
Engine +DOC Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted|[Average
Average|[% Diff
1]2005 spec LSD Certified g/hr 237.80] 153.69 110.25 36.66 211.93] 135.22 99.45 17.76] 126.2]
CFM Vent 4411 2851 2045 680 3931 2508 1845 329 -10.9|
% change from bare engine -10.7| -15.4] -3.0 21.8 -12.0| -21.3] -9.7 20.6
2|2007 spec ULSD Certified g/hr 251.93] 154.86 106.47 36.21 214.79 139.21 91.88, 18.28| 127.9]
CFM Vent 4673 2873 1975 672 3984 2582 1704 339 -11.4]
% change from bare engine -7.6| -15.6 -7.6 19.8 -12.7| -22.3 -18.0 45.4)
3|Highway ULSD g/hr 202.25 124.14 91.33 30.41 178.94 110.44 81.45 15.78| 105.1]
CFM Vent 3752 2303 1694 564 3319 2049 1511 293 -14.4]
% change from bare engine -14.1 -18.8 -4.0 17.7 -14.6| -27.6 -14.9 19.1
4|Stepan SB-W biodiesel g/hr 235.08 149.81 106.88 37.74 210.06 131.91 95.39 17.32 123.9]
CFM Vent 4361 2779 1983 700 3897 2447 1769 321 -18.8]
% change from bare engine -18.5 -23.0 -12.0 10.7 -17.7| -29.2 -21.5 16.0
5|IRE REG-9000-10 biodiesel g/hr 218.32 135.63 98.32 32.91 184.01 119.93 84.85 17.56] 112.6]
CFM Vent 4050 2516 1824 610 3413 2225 1574 326 -19.4]
% change from bare engine -15.8| -21.9 -12.0 8.8 -23.6] -32.3] -21.6| 12.9
6|IRE REG-9000-5 biodiesel g/hr 224.45 144.90 103.52 35.20 199.28 131.39 95.71 19.61] 120.0|
CFM Vent 4163 2688 1920 653 3697 2437 1775 364 -19.6]
% change from bare engine -18.0 -21.4 -12.9 15.3 -23.2] -31.3 -19.8 11.9
7|B50 Mix* g/hr 225.48 138.45 95.32 32.74 192.65 119.76 87.48 18.23 114.9]
CFM Vent 4183 2568 1768 607 3574 2222 1623 338 -17.1]
% change from bare engine -13.3 -20.9 -13.1 13.2 -19.0| -29.0 -21.3 19.4
8|PetroSA Fischer-Tropsch Syn. g/hr 172.19 112.50 83.57 26.97 153.10 98.08 74.08 15.49 92.8|
CFM Vent 3194 2087 1550 500 2840 1819 1374 287, -10.8]
% change from bare engine| -9.0 -12.7 2.0 19.9 -16.8| -24.3] -11.2 13.3]
Weight Factors:
0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
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Table 8: NO2 Emission and Ventilation Rate Calculation for Fuel Tests.

FUEL TESTING on Isuzu 4JG1T Diesel Engine

NO2 Emissions Data, gr/hr
with ventillation rates

Bare Engine Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted||[Average
Averagel|%Difference
1]2005 spec LSD Certified glhr 18.75 16.60] 13.36] 7.68 15.45 14.21 8.78 3.49 12.4
CFM Vent 1134 1004 808 465 935 860 531 211
2|2007 spec ULSD Certified glhr 23.67 10.21 12.37] 8.10 7.43 11.27 8.96 3.93 11.1]
CFM Vent 1432 617 748 490 449 682 542 238 -10.8,
% change from LSD 26.3 -38.5 -7.4] 5.5] -51.9 -20.7 2.1 12.5
3|Highway ULSD g/hr 20.35 15.77 12.71 8.09 6.77 11.30 11.32 3.44 11.6}
CFM Vent 1231 954 769 489 410 683 685 208| -6.9
% change from LSD 8.6 -5.0 -4.8| 5.3 -56.2 -20.5 28.9 -1.5
4|Stepan SB-W biodiesel g/hr 15.31 12.80, 8.59 6.33 11.56 12.07 6.91 4.03 9.8
CFM Vent 926 774 520 383] 699 730 418 244] -21.3]
% change from LSD -18.3 -22.9 -35.7 -17.6) -25.2 -15.1 -21.3 15.3
5|IRE REG-9000-10 biodiesel g/hr 17.62 10.71 10.52 6.90 8.46 13.52 9.09 3.63 10.2
CFM Vent 1066 648 636 418 512 818 550 219 -18.3]
% change from LSD -6.0 -35.5 -21.3 -10.1) -45.2 -4.9 3.6 3.9
6[IRE REG-9000-5 biodiesel g/hr 20.78 14.09 11.70 6.06 10.09 13.14 9.55 3.71 11.4
CFM Vent 1257 852 708 366 611 795 578 225 -8.2]
% change from LSD 10.8 -15.1 -12.4 -21.2| -34.7 -7.5 8.9 6.4
7|B50 Mix* g/hr 19.74] 13.18 11.79] 6.29 13.76 11.39 9.28 3.46) 11.3]
CFM Vent 1194 797 713 380 833 689 561 209 -9.2]
% change from LSD 5.3 -20.6 -11.8| -18.2| -10.9 -19.9 5.7 -1.0
8|PetroSA Fischer-Tropsch Syn. g/hr 16.61 12.92 10.78 8.38 11.92 9.70 10.06 3.53 10.6)
CFM Vent 1005 782 652 507 721 587 609 214 -14.9
% change from LSD -11.4 -22.1 -19.3 9.1 -22.9 -31.8 14.7 1.2
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
Engine +DOC Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted|lAverage
Average|%Difference
1]2005 spec LSD Certified glhr 43.92 36.58 12.95] 0.00 31.95 43.58 21.14 0.09) 23.7]
CFM Vent 2657 2213 783] 0 1933 2636 1279 5 90.5
% change from bare engine 134.3 120.4 -3.1 -100.0 106.8 206.6 140.9 -97.5
2|2007 spec ULSD Certified g/hr 40.88 40.62] 18.84 0.00 36.86 48.36 28.18 0.37] 26.4]
CFM Vent 2473 2457 1140 0| 2229 2925 1705 22 138.2
% change from bare engine 72.7 298.0| 52.3 -100.0 396.3 329.1 214.5 -90.6
3|Highway ULSD g/hr 51.19 41.52] 16.56 0.77 41.93 52.37 25.78 0.30] 28.5]
CFM Vent 3096 2512 1002 47 2536 3168 1560 18 146.1
% change from bare engine 151.5 163.2 30.3 -90.5 519.3 363.6 127.8 -91.2
4|Stepan SB-W biodiesel g/hr 55.14 42.17] 21.55] 0.00 45.51 52.01 26.33 0.33] 30.3
CFM Vent 3336 2551 1303 0| 2753 3146 1593 20] 208.9|
% change from bare engine 260.1 229.5 150.8 -100.0 293.7 330.7 281.0 -91.9
5|IRE REG-9000-10 biodiesel glhr 57.19 45.76 21.30 0.32 50.92 57.24 25.24 0.30 32.1]
CFM Vent 3460 2768 1288 20, 3080 3463 1527 18| 215.2
% change from bare engine 224.6 327.2 102.5 -95.3 501.6 323.3 177.5 -91.8
6|IRE REG-9000-5 biodiesel glhr 60.89 39.93 20.78 0.57 57.17 58.90 25.65 0.25) 32.5]
CFM Vent 3684 2415 1257 34 3458 3563 1552 15 184.5]
% change from bare engine 193.1 183.5 77.6 -90.6 466.3 348.1 168.5 -93.3
7|B50 Mix* glhr 45.32 41.18 19.22] 0.00 43.69 53.29 24.26 0.09) 28.0|
CFM Vent 2742 2491 1163 0| 2643 3224 1468 6| 147.9|
% change from bare engine 129.6 212.5 63.1 -100.0 217.4 368.1 161.4 -97.3
8|PetroSA Fischer-Tropsch Syn. g/hr 40.48 28.04 9.90 0.16 37.67 37.85 17.24 0.00 21.1
CFM Vent 2449 1696 599 10 2278 2289 1043 0] 99.0
% change from bare engine 143.7 117.0 -8.1 -98.1 216.0 290.2 71.3 -99.9
Weight Factors:
0.15 0.15 0.15 0.1 0.1 0.1 01 0.15
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
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Gas Emissions, CO:

Table 9 shows the carbon monoxide (CO) emissions for the fuel tests with and without the DOC. The
table shows the raw CO emissions (in g/hr) and the ventilation rate calculations of the CFM of required
to keep CO ambient levels below the MSHA required limits in the mine environment. The table also
compares the changes in CO emissions for all the tests to the LSD baseline for the bare engine tests and
compares a fuel’s emissions with a DOC to its bare engine test. The weighted averages for each test are
calculated and percent differences are calculated.

For the bare engine tests, the petroleum diesel’'s CO emissions remained within 10% of each other. For
B100 fuels CO emissions were reduced by 18-25% compared to LSD. B50 CO emissions were 19%
lower than LSD, while F-T CO emissions were also lower than LSD by 13%.

For the DOC tests, all fuels showed almost all CO emissions were eliminated by the use of a DOC. In
fact, CO emissions were all but eliminated for all modes, with the exception of test modes 4 and 8. In
these modes, the exhaust temperature was generally not high enough for the DOC to oxidize all CO to
CO2. In these modes some CO emissions were observed, though much lower than the bare engine
emissions.

Average drop in CO emissions for petroleum diesels was 85-100% with the use of a DOC. B100

emissions were lower by 93-98% with the use of a DOC. B50 CO emissions were lower by 97%, while
F-T CO emissions were lower by 98%.

Gas Emissions, CO2:

Table 10 shows the carbon dioxide (CO2) emissions for the fuel tests with and without the DOC. The
table shows the raw CO2 emissions (in g/hr) and the ventilation rate calculations of the CFM of
required to keep CO2 ambient levels below the MSHA required limits in the mine environment. The
table also compares the changes in CO2 emissions for all the tests to the LSD baseline for the bare
engine tests and compares a fuel’s emissions with a DOC to its bare engine test. The weighted averages
for each test are calculated and percent differences are calculated.

CO2 emissions did not significantly vary with fuel on the bare engine tests, with the exception of the F-
T fuel. Its CO2 emissions were 10% lower than LSD. CO2 emissions were also unaffected by the
addition of a DOC, for any of the fuels tested.
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Table 9: CO Emission and Ventilation Rate Calculation for Fuel Tests.

FUEL TESTING on Isuzu 4JG1T Diesel Engine
CO Emissions Data, gr/hr
with ventillation rates

Bare Engine Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 I Weighted|Average
Average|%Difference
1]|2005 spec LSD Certified g/hr 54.29] 35.72 25.04] 61.23 30.81 16.39 14.18 12.03 31.3
CFM Vent 539 355 249 609 306 163 141 120 ||
2[2007 spec ULSD Certified g/hr 55.40 36.63 25.31 63.34 32.60 15.55) 14.22] 14.19 32.3
CFM Vent 551 364 252 630 324 155 141 141 3.1
% change from LSD 2.0 2.6 1.1 3.4 5.8 -5.1 0.2 17.9
3|Highway ULSD g/hr 53.29] 33.82 26.66 36.42 36.72 15.39 13.06 6.95 28.3
CFM Vent 530 336 265 362 365 153 130 69 -9.8]
% change from LSD -1.8 -5.3 6.5 -40.5 19.2 -6.1 -7.9 -42.2]
4|Stepan SB-W biodiesel g/hr 41.65| 31.54 20.28 42.86 21.96 11.67 11.93 16.06 25.3
CFM Vent 414 313 202 426 218 116 119 160 -19.3]
% change from LSD -23.3 -11.7 -19.0 -30.0 -28.7 -28.8 -15.9 33.5]
5[IRE REG-9000-10 biodiesel g/hr 48.84| 34.97 2331 32.04 20.25 13.09 13.46 12.01] 25.8]
CFM Vent 485 348 232 318 201 130 134 119 -17.8]
% change from LSD -10.0 -2.1 -6.9 -47.7 -34.3 -20.2 -5.1 -0.2
6|IRE REG-9000-5 biodiesel g/hr 43.97 32.24 19.95 32.22 20.05 11.20, 12.17 10.98| 23.6)
CFM Vent 437 320 198 320 199 111 121 109 -24.5]
% change from LSD -19.0 -9.7 -20.3 -47.4 -34.9 -31.6 -14.2 -8.8
7|B50 Mix* g/hr 48.38 31.65 22.53 35.53 21.32 14.35 12.20, 10.14 25.2]
CFM Vent 481 315 224 353 212 143 121 101 -19.4
% change from LSD -10.9 -11.4 -10.0 -42.0 -30.8 -12.5 -14.0 -15.7|
8|PetroSA Fischer-Tropsch Syn. g/hr 46.46 31.13 27.31 50.54 20.80 16.10, 16.26 8.67| 27.4
CFM Vent 462 309 271 502 207 160 162 86 -12.5]
% change from LSD -14.4 -12.8 9.1 -17.5 -32.5 -1.8 14.6 -27.9|

*B50: 50/50 Mix of Stepan SB-W and Highway ULSD

Engine +DOC Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted||Average
Average|%Difference
1|2005 spec LSD Certified g/hr 1.22 0.00 0.00 29.56 0.00 0.00 0.00 7.40 4.2
CFM Vent 12 0| 0 294 0 0 0 74 -86.4]
% change from bare engine -97.8 -100.0 -100.0 -51.7 -100.0 -100.0 -100.0 -38.5]
2|2007 spec ULSD Certified g/hr 1.44] 0.00 0.00 31.41 0.00 0.00 0.00 9.69) 4.8
CFM Vent 14 0 0 312 0 0| 0 96 -85.1]
% change from bare engine -97.4 -100.0 -100.0 -50.4 -100.0 -100.0 -100.0 -31.7|
3|Highway ULSD g/hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
CFM Vent 0 0 0 0 0 0| 0| 0| -100.0
% change from bare engine -100.0 -100.0 -100.0 -100.0 -100.0 -100.0 -100.0 -100.0
4|Stepan SB-W biodiesel g/hr 0.80 0.00 0.00 4.20 0.23 0.00 0.00 8.59 1.9
CFM Vent 8 0 0 42 2 0| 0| 85 -92.7]
% change from bare engine -98.1 -100.0 -100.0 -90.2 -98.9 -100.0 -100.0 -46.5|
5|IRE REG-9000-10 biodiesel g/hr 1.01 0.00 0.00 0.00 0.00 0.00 0.00 2.10 0.5
CFM Vent 10, 0 0 0 0 0| 0| 21 -98.2)
% change from bare engine -97.9 -100.0 -100.0 -100.0 -100.0 -100.0 -100.0 -82.5|
6|IRE REG-9000-5 biodiesel g/hr 0.00 0.00 0.00 1.19 0.00 0.00 0.00 6.72 1.1
CFM Vent 0 0 0 12 0 0| 0| 67 -95.2]
% change from bare engine -100.0 -100.0 -100.0 -96.3 -100.0 -100.0 -100.0 -38.8]
7|B50 Mix* g/hr 1.23 0.00 0.00 1.58 0.00 0.00 0.00 2.26 0.7
CFM Vent 12 0 0 16 0 0| 0| 22 -97.3]
% change from bare engine -97.5 -100.0 -100.0 -95.6 -100.0 -100.0 -100.0 -77.7|
8|PetroSA Fischer-Tropsch Syn. g/hr 0.41 0.00 0.00 0.53 0.36 0.00 0.00 3.57 0.7
CFM Vent 4 0 0 5 4 0| 0| 35 -97.5)
% change from bare engine -99.1 -100.0 -100.0 -98.9 -98.3 -100.0 -100.0 -58.9
Weight Factors:
0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
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Table 10: CO2 Emission and Ventilation Rate Calculation for Fuel Tests.

FUEL TESTING on Isuzu 4JG1T Diesel Engine

CO2 Emissions Data, gr/hr
with ventillation rates

Bare Engine Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted[Average
Averagel[%Difference
1|2005 spec LSD Certified g/hr 49561.67( 37960.34| 26179.77 11112.84] 37466.47| 27730.09] 18918.68 2393.43 26937.1
CFM Vent 3122 2392 1649 700 2360 1747 1192 151
2|2007 spec ULSD Certified g/hr 50682.10) 38116.28| 26611.30] 11348.76] 38054.78| 28444.86] 19246.04 2188.60 27349.2
CFM Vent 3193 2401 1677 715 2397 1792 1213 138 1.5
% change from LSD 2.3 0.4 1.6 2.1 1.6 2.6 1.7 -8.6)
3|Highway ULSD g/hr 46572.34| 34455.05[ 23842.35| 10470.32| 34330.64] 24874.17| 17012.15 2306.15 24745.1
CFM Vent 2934 2171 1502 660 2163 1567 1072 145 -8.1
% change from LSD -6.0 -9.2 -8.9 -5.8 -8.4] -10.3| -10.1 -3.6)
4|Stepan SB-W biodiesel g/hr 48871.44 37659.48| 26619.19] 11359.65| 36894.17] 27162.13] 19241.14 2406.26 26799.2
CFM Vent 3079 2373 1677 716 2324 1711] 1212 152 -0.5]
% change from LSD -1.4 -0.8 1.7 2.2 -1.5 -2.0| 1.7 0.5
5|IRE REG-9000-10 biodiesel g/hr 48449.12| 36452.19| 26498.33| 11261.61| 36824.16] 27484.58| 18892.16 2638.30) 26551.9)
CFM Vent 3052 2296 1669 709 2320 1732] 1190 166 -1.4]
% change from LSD -2.2 -4.0 1.2 1.3 -1.7 -0.9 -0.1 10.2|
6|IRE REG-9000-5 biodiesel g/hr 49406.47 37287.40[ 26836.36] 11328.75| 37799.52| 28038.41] 19721.28 2817.31] 27140.9)
CFM Vent 3113 2349 1691 714 2381 1766 1242 177, 0.8
% change from LSD -0.3 -1.8 2.5 1.9 0.9 1.1 4.2 17.7|
7|B50 Mix* g/hr 48341.96| 36168.07[ 25755.45[ 10842.00| 36426.12| 26809.15| 18645.03 2454.28] 26180.2]
CFM Vent 3046 2279 1623 683 2295 1689 1175 155 -2.8]
% change from LSD -2.5 -4.7 -1.6 -2.4 -2.8 -3.3] -1.4 2.5
8|PetroSA Fischer-Tropsch Syn. g/hr 44068.42 33373.94| 23250.68) 10758.95| 33257.19] 24930.60| 17291.59 2488.12 24101.0
CFM Vent 2776 2103 1465 678 2095 1571 1089 157 -10.5]
% change from LSD -11.1 -12.1 -11.2 -3.2 -11.2 -10.1 -8.6 4.0)

*B50: 50/50 Mix of Stepan SB-W and Highway ULSD

Engine +DOC Test Test Mode \Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Weighted|Average
Average|%Difference
1|2005 spec LSD Certified g/hr 49730.22( 37583.96| 26545.83| 11275.04| 37690.64] 27711.02] 19128.31 2445.84 27026.4
CFM Vent 3133 2368 1672 710 2375 1746 1205 154 0.3
% change from bare engine 0.3 -1.0 1.4 1.5 0.6 -0.1 1.1 2.2
2|2007 spec ULSD Certified g/hr 51105.09] 38565.46/ 26600.15| 11195.67| 38569.78| 28451.18] 19203.65 2567.94 27567.8
CFM Vent 3220 2430 1676 705 2430 1792 1210 162 0.8
% change from bare engine 0.8 1.2 0.0 -1.3 1.4 0.0] -0.2 17.3]
3|Highway ULSD g/hr 46524.75( 34872.78| 24552.80| 10927.97| 35197.91] 25525.75| 17690.55 2383.74 25184.3
CFM Vent 2931 2197 1547 688 2217 1608 1115 150 1.8
% change from bare engine -0.1 1.2 3.0 4.4 2.5 2.6 4.0 3.4
4[Stepan SB-W biodiesel g/hr 48882.10| 36478.06| 26482.98| 11210.56] 36078.39] 26545.49] 18642.61 2280.63] 26366.3]
CFM Vent 3080 2298 1668 706 2273 1672 1174 144 -1.6]
% change from bare engine 0.0 -3.1 -0.5 -1.3 -2.2 -2.3] -3.1 -5.2]
5|IRE REG-9000-10 biodiesel g/hr 48483.31| 36089.99| 26109.38[ 11106.74| 35535.06] 26124.89] 17192.09 2389.28] 25956.7]
CFM Vent 3054 2274 1645 700 2239 1646 1083 151 -2.2]
% change from bare engine 0.1 -1.0 -1.5 -1.4 -3.5 -4.9 -9.0 -9.4]
6|IRE REG-9000-5 biodiesel g/hr 48692.86| 36084.91| 26084.04| 11236.53| 36815.50] 27501.26] 19056.74 2661.05] 26489.4]
CFM Vent 3068 2273 1643 708 2319 1733 1201 168, -2.4]
% change from bare engine -1.4 -3.2 -2.8 -0.8 -2.6 -1.9 -3.4 -5.5]
7|B50 Mix* g/hr 48871.32[ 36386.24| 25703.02) 11161.90f 36512.10] 26976.25| 18435.94 2598.84 26342.5
CFM Vent 3079 2292 1619 703 2300 1700 1161 164 0.6
% change from bare engine 1.1 0.6 -0.2 3.0 0.2 0.6 -1.1 5.9
8|PetroSA Fischer-Tropsch Syn. g/hr 44826.11 33702.06] 23906.04| 10777.67| 33257.31] 24822.01] 17274.02 2420.38 24341.3
CFM Vent 2824 2123 1506 679 2095 1564 1088 152 1.0
% change from bare engine 1.7 1.0 2.8 0.2 0.0 -0.4] -0.1 -2.7|
Weight Factors:
0.15 0.15 0.15 0.1 01 01 01 0.15
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
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Engine Performance:

Table 11 shows the engine performance data (HP) for all the fuels tested. As can be seen there was little
change in engine performance with most of the fuels tested. The performance of biodiesel fuels was
negligibly different than that of petroleum diesels. The only fuel having a significant change in engine
performance was the F-T fuel. It has and average performance loss (HP) of 8.7% when compared to
LSD. This is consistent with past tests on synthetic diesels and is due to the somewhat lower energy
content of the fuel.

The performance of the engine with a DOC on the exhaust was also not significantly different from that

of a bare engine. This is consistent with past engine tests using DOCs, as the increase in exhaust
backpressure due to the DOC is minimal and does not alter the engine performance.

Table 11: Engine Performance (HP) data.

Bare Engine Test Test Mode
Fuel No. FUEL 1 2 3 4 5 6 7 8
1]2005 spec LSD Certified 84.16 64.31 42.88 9.48 71.96 53.98 35.95 1.52|HP
2[2007 spec ULSD Certified 85.15 64.31 42.83 9.44 72.34 54.86 36.03 0.81|HP
% change from LSD 1.2 0.0 -0.1 -0.4 0.5 1.6 0.2 -46.3 0.4|AVE CHANGE*
3|Highway ULSD 81.89 60.79 40.43 9.40 69.11 51.38 34.26 1.82|HP
% change from LSD -2.7 -5.5 -5.7 -0.8 -4.0 -4.8 -4.7 20.0 -4.0|AVE CHANGE
4[Stepan SB-W biodiesel 84.18 64.15 42.87 9.53 71.11 53.12 36.02 1.05|HP
% change from LSD 0.0 -0.2 0.0 0.5 -1.2 -1.6 0.2 -30.8 -0.3|AVE CHANGE
5|IRE REG-9000-10 biodiesel 82.77 61.80 42.83 9.55 69.67 52.22 34.29 1.35|HP
% change from LSD -1.7 -3.9 -0.1 0.8 -3.2 -3.3 -4.6 -11.0 -2.3|AVE CHANGE
6[IRE REG-9000-5 biodiesel 83.98 63.04 42.73 9.40 70.90 53.12 35.98 1.84|HP
% change from LSD -0.2 -2.0 -0.3 -0.9 -1.5 -1.6 0.1 21.3 -0.9[AVE CHANGE
7|B50 Mix* 83.82 62.94 42.74 9.53 71.22 53.10 35.97 1.90{HP
% change from LSD -0.4] -2.1 -0.3 0.5 -1.0 -1.6 0.1 25.2 -0.7[AVE CHANGE
8|PetroSA Fischer-Tropsch Syn. 75.37 57.17 38.12 9.53 65.01 48.81 32.62 1.78|HP
% change from LSD -10.4] -11.1 -11.1 0.5 -9.7 -9.6 -9.3 17.4 -8.7|AVE CHANGE
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD ** mode 8 discounted in average change
Engine +DOC Test Test Mode
FUEL 1 2 3 4 5 6 7 8
1]2005 spec LSD Certified 83.68 63.06 42.88 9.51 71.28 53.16 36.03 1.48|HP
% change from bare engine -0.6 -1.9 0.0 0.3 -0.9 -1.5 0.2 -2.5 -0.6|AVE CHANGE**
2[2007 spec ULSD Certified 85.66 64.20 42.74 9.49 72.02 54.85 36.01 1.63|HP
% change from bare engine 0.60 -0.17 -0.21 0.47 -0.44 -0.02 -0.07 100.76 0.0[AvE cHANGE
3|Highway ULSD 80.22 59.62 40.55 9.56 68.80 50.56 34.34 1.67|HP
% change from bare engine -2.04] -1.92 0.30 1.65 -0.45 -1.61 0.23 -8.11 -0.5]|AVE CHANGE
4[Stepan SB-W biodiesel 83.39 61.86 42.72 9.60 70.67 53.17 35.99 1.52|HP
% change from bare engine -0.94] -3.57 -0.34 0.75 -0.62 0.08 -0.09 44.79 -0.7|AVE CHANGE
5|IRE REG-9000-10 biodiesel 83.07 61.82 42.80 9.48 69.35 52.23 34.27 1.79|HP
% change from bare engine 0.37 0.03 -0.06 -0.72 -0.46 0.01 -0.05 32.49 -0.1]|AVE CHANGE
6|IRE REG-9000-5 biodiesel 83.93 61.89 42.77 9.42 71.09 53.11 36.00 1.84|HP
% change from bare engine -0.07 -1.82 0.08 0.20 0.27 -0.02 0.06 0.03 -0.2[AVE CHANGE
8|B50 Mix* 83.24 61.88 41.65 9.51 70.81 53.05 35.17 1.91|HP
% change from bare engine -0.69 -1.68 -2.55 -0.18 -0.57 -0.10 -2.23 0.50 -1.1|AVE CHANGE
8|PetroSA Fischer-Tropsch Syn. 77.41 58.29 39.31 9.52 66.11 49.73 33.41 1.74|HP
% change from bare engine 2.71 1.97 3.13 -0.08 1.70 1.89 2.41 -2.40 2.0[AvE cHANGE
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD ** mode 8 discounted in average change
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Discussion:

The discussion of the results of the test series completed at MSHA is divided into three parts. Firstis a
discussion of the TC data as it relates to compliance with the 30 CFR Part 57 DPM regulation. The
second part is a discussion of the increased NO2 emissions with the DOC. The third discusses some
test results found in other research on alternative fuels in diesel engines and compares those to the data
generated in this test series.

Discussion Part 1: TC reductions in the Mine Environment:

The primary impetus for conducting the tests detailed above was to investigate the variations in
emissions performance using various fuel formulations and how their emissions performance changes
with the addition of DOC after treatment.

The data generated from laboratory tests cannot be used to directly compute emissions reductions in a
mine environment. The data can be used to imply the likely changes when alternate fuels are used, and
compare the merits of fuel and after treatment combinations. Actual reductions in a mine environment
depend on several other variables33.

Within the specified limits of the data above, these tests can be used to compare the potential capability
of lowering a mine’s DPM (TC) emissions to comply with the requirements of the 30 CFR Part 57
regulation for Metal/Non-metal mines. TC is the portion of DPM sampled in the mine atmosphere to
determine compliance with the regulation, so a focus on changes in exhaust TC is used describe
changes in DPM in the mine atmosphere.

To aid the discussion, four scenarios may be envisioned to discuss how fuel choices may be used to
improve a mine’s TC levels. These are shown below:

Scenario S-1: Mining machinery all running petroleum diesel (D-2 LSD used as baseline) and none
using DOC: what benefit would changing fuels only have on DPM emissions?

Scenario S-2: Mining machinery is already using one of the test fuels (either petroleum or
alternate): what DPM benefit is there to adding a DOC to this existing fuel choice?

Scenario S-3: Mining machinery already universally equipped with DOCs: what fuel choice would
offer the best DPM reductions?

Scenario S-4: Mining machinery all running petroleum diesel (D-2 LSD used as baseline) and none
using DOC: what combination of fuel and DOC will offer best reductions in DPM?

33 Some of these variables will be outlines in the Conclusions and Comments Section.
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The TC emission data is used to discuss these scenarios, and the relative changes in TC emissions based
on these may be found in tabular form in Table 12. These will be discussed and plotted below.

S-1: Changing Fuels on a Bare Engine:

If a mine has been running their mining equipment using standard petroleum diesel (for a baseline for
comparison LSD data is used) and does not have engines equipped with a DOC, then what reductions
in TC emissions could be expected by changing fuels? Using the data generated in the MSHA test, this
scenario is plotted in Figure 4.

It is clear that for these tests, changing fuels on a bare engine provides a modest reduction in TC
emissions for the B100 fuels of around 13%. The B50 mixture had a somewhat higher 19% reduction
and the F-T fuel’s 33% reduction was significant.

S-1 Average TC change by changing fuels on Bare Engines
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Figure 4: TC emissions changes on a bare engine.
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S-2: Adding a DOC to anv fuel:

If a mine has been using either petroleum or alternative fuels and have not equipped their engines with
DOCs, then what reductions in TC emissions could be expected by adding DOCs to their engines?
Using the data generated in the MSHA test, this scenario is plotted in Figure 5.

Clearly, the DOC is beneficial in all cases. For engines running petroleum diesels, adding a DOC
reduces TC emissions by 12-15%. For B100 fuels, adding a DOC lowered TC emissions by 43-44%. B50
TC was lowered by 29%. F-T TC emissions were lowered only 4% by the addition of a DOC.

S-2 Average TC change by adding a DOC to an Engine already burning a
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Figure 5: TC emissions changes by adding a DOC.
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S-3: Changing Fuels on DOC equipped engines:

If a mine has been running their mining equipment using standard petroleum diesel (for a baseline for
comparison LSD data is used) and with engines equipped with DOCs, then what reductions in TC
emissions could be expected by changing fuels? Using the data generated in the MSHA test, this
scenario is plotted in Figure 6.

There is no real change in TC emissions between petroleum diesels on DOC equipped engines. B100
will lower TC emissions around 44% compared to the same DOC equipped engine running LSD. B50
will lower TC by 35% and F-T will be 24% lower than LSD and a DOC.
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Figure 6: TC emissions changes by changing fuels on DOC equipped engines.
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S-4: Changing Fuels and adding a DOC:

If a mine has been running their mining equipment using standard petroleum diesel (for a baseline for
comparison LSD data is used) and does not have engines equipped with a DOC, then what reductions
in TC emissions could be expected by a combination of adding a DOC and changing fuels? Using the
data generated in the MSHA test, this scenario is plotted in Figure 7.

The change in petroleum based diesels with a ULSD/DOC is primarily due to the DOC part of the
combination, as petroleum diesel’'s TC emissions are pretty consistent, and the approximately 15%
indicated in the chart is the benefit of using the DOC. The B100/DOC combinations all showed ~51%
lower TC than a bare engine burning LSD. B50/DOC was nearly as good, with a TC reduction of 43%.
The F-T/DOC combination had a TC emission 33% lower than a bare engine burning LSD.
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Figure 7: TC emissions changes by changing fuels and adding a DOC.
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Mine Safety and Health Administration
Industrial Park Road

Table 12: TC Emission Scenarios with Alternate Fuels and DOC.

Summary of Changes in Total Carbon Emissions of Engines using Various Fuels With and Without a DOC

Base Fuel for Comparison 2005 spec Certified Low Sulfer Diesel (LSD) fuel

Weighted
Test Mode TC Data (TC (ug/m3)) Weighted|Average
Fuels 1 2 3 4 5 6 7 8 Average|%Difference
2005 spec LSD Certified Bare 34085| 36659 29085[ 27829 46089| 33750| 25799 8722 29629.35
with DOC 32037| 36377 27320 22224 39857| 32156| 19604 2791 26162.85
% change in fuel with DOC -6.0 -0.8 -6.1 -20.1 -13.5 -4.7 -24.0 -68.0 -11.7
2007 spec ULSD Certified  [Bare 36093 40713 29292| 27498| 44872| 31874| 27058| 9002 30395.2
%change from LSD 5.9 11.1 0.7 =152 -2.6 =56 4.9 3.2 2.6
with DOC 28978| 34585 26754 18563 46600) 32099| 21312 3147 25877
% change in fuel with DOC -19.7 -15.1 -8.7 -32.5 3.9 0.7 -21.2 -65.0 -14.9
% change from LSD-DOC 9.5 -4.9 -2.1 -16.5 16.9 -0.2 8.7 12.8 -1.1]
% change from LSD-BARE =1510 GO/ -8.0 =33.3 1.1 -4.9 -17.4 -63.9| -12.7|
Highway ULSD Bare 33250] 36890 26770f 30546] 52910| 31191] 18223 7777 28990.05
%change from LSD -2.4 0.6 -8.0 9.8 14.8 -7.6 -29.4 -10.8 -2.2
with DOC 32851| 32501| 25814 20752| 45774| 26764| 18544 3752 25421.1
% change in fuel with DOC =152 ALLEe) =316 -32.1 511815 -14.2 1.8 -51.8] -12.3]
% change from LSD-DOC 2.5 -10.7 EOLD -6.6 14.8 -16.8 -5.4 34.4 -2.8
% change from LSD-BARE -3.6 -11.3 -11.2 -25.4 -0.7 -20.7 -28.1 -57.0 -14.2
Stepan SB-W Bare 26009| 33370 28968 22962| 33070| 26132| 25556 12564 25908.65
biodiesel %change from LSD -23.7 -9.0 -0.4 -17.5 -28.2 -22.6 -0.9 44.0 -12.6
with DOC 15427| 18546| 14559| 11509| 25657 16898| 13098 4244 14632.6
% change in fuel with DOC -40.7 -44.4 -49.7 -49.9 -22.4 -35.3 -48.7 -66.2 -43.5
% change from LSD-DOC -51.8 -49.0 -46.7 -48.2 -35.6 -47.4 -33.2 52.1] -44.1
% change from LSD-BARE -54.7 -49.4 -49.9 -58.6 -44.3 -49.9 -49.2 -51.3 -50.6]
IRE REG-9000-10 Bare 26400] 32913 26760[ 23195] 31956| 27819| 25107| 14260 25857.65
biodiesel %change from LSD|  -22.5] -10.2 -8.0] -16.7] -30.7[ -17.6 -2.7 63.5 -12.7
with DOC 17255] 20590| 14074| 10906 22640( 15881| 11428 4107 14489.4
% change in fuel with DOC -34.6 -37.4 -47.4 -563.0 -29.2 -42.9 -54.5 -71.2 -44.0
% change from LSD-DOC -46.1 -43.4 -48.5 -50.9 -43.2 -50.6 -41.7 47.2 -44.6
% change from LSD-BARE -49.4 -43.8 -51.6 -60.8 -50.9 -52.9 -55.7 -52.9 -51.1]
IRE REG-9000-5 Bare 27204 35066 26563| 24302| 28546| 25259 25355| 13866 25751.05
biodiesel %change from LSD|  -20.2 -4.3 87| -127f -38.1 -25.2 -1.7 59.0 -13.1)
with DOC 16762| 19392| 15571| 12384| 24365| 14892| 12363 4179 14786
% change in fuel with DOC -38.4 -44.7 -41.4 -49.0 -14.6 -41.0 -51.2 -69.9 -42.6
% change from LSD-DOC -47.7 -46.7 -43.0 -44.3 -38.9 -53.7 -36.9 49.7 -43.5
% change from LSD-BARE -50.8 -47.1 -46.5 -55.5 -47.1 -55.9 -52.1 -52.1 -50.1
B50 Mix* Bare 26470| 28770 23271 23259 31045| 28225| 22281] 11163 23932.1
%change from LSD -22.3 -21.5 -20.0 -16.4 -32.6 -16.4 -13.6 28.0) -19.2
with DOC 20910| 25130 16138 13583| 26947| 19245| 11487 3298 16947.6
% change in fuel with DOC -21.0 12N -30.7 -41.6 11842 =318 -48.4 -70.5] -29.2]
% change from LSD-DOC -34.7 -30.9 -40.9 -38.9 -32.4 -40.2 -41.4 18.2 -35.2
% change from LSD-BARE -38.7 -31.4 -44.5 -561.2 -41.5 -43.0 -65.5 -62.2 -42.8
PetroSA Fischer-Tropsch Bare 32783| 27222 17136 15926] 31302] 21900| 14081 4437 20557.6
synthetic %change from LSD -3.8 -25.7 -41.1 -42.8 -32.1 -35.1 -45.4 -49.1 -30.6
with DOC 31094| 25919 15380 16023| 32773] 23006| 12785 2776 19734.05
% change in fuel with DOC -5.2 -4.8 -10.2 0.6 4.7 5.1 -9.2 -37.4] -4.0
% change from LSD-DOC -2.9 -28.7 -43.7 -27.9 -17.8 -28.5 -34.8 -0.5) -24.6
% change from LSD-BARE -8.8 -29.3 -47.1 -42.4 -28.9 -31.8 -50.4 -68.2] -33.4]

*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
Gravimetric or TC DPM Emission Change Scenarios

s
S-2
s-3
S-4

Bare Engine, changing fuels only

Adding DOC to an Engine Already Burning a Particular Fuel
Changing Fuels on DOC Equipped Engines previously running LSD
Changing Fuels and Adding DOC to Bare engines previously running LSD
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Discussion Part 2: NO2 Increase due to use of a DOC:

The increase in NO2 emissions with the use of catalyzed aftertreatment systems (DOCs and Diesel
Particulate Filters (DPF)) has been noted in previous MSHA testing and has been documented by other
research, both during laboratory testing and tests in the mine environment3. MSHA’s previous tests3®
on DOCs and catalyzed diesel particulate filters (DPF) has shown quite variable NO2 emissions, from
in some cases a reduction in NO2 compared to a bare engine, to dramatic increases in NO2 emissions.
In general, there is some moderate NO2 increase due to the platinum catalyst in the DOC oxidizing NO
to NO2.

MSHA's past policy on this effect, at least in terms of coal mines, is that this increase in NO2 emissions
due to DOC (or DPF) use is tolerable as long as the engine’s approved ventilation rate is not violated.
In other words, if the NO2 ventilation rate is not higher than that listed on the engine approval, the
after treatment technology in question should not degrade the mine environment significantly. For
some DPFs, testing has shown a level of NO2 emissions that far exceeded the ventilation requirements
for the engine, and these problem systems were reported and prohibited for mine use. Due to the NO2
issue in the mine environment, and to a much greater extent CARB3¢ interest in NO2 in California;
manufacturers of DOCs and DPFs have worked to reformulate these devices to the extent possible to
minimize NO2 production.

For engines approved for coal mine use, the MSHA 8-mode test is used to check the NO, NO2, CO and
CO2 emissions at the 8 test modes. Using this data, gaseous ventilation rates are calculated for all four
gases at all 8 modes and the highest ventilation rate from this matrix is used (rounded up per
§7.88(b)(1) and (2)) as the approved gaseous ventilation rate for the engine. For example, for the Isuzu
4JG1T engine used in these tests, the approved ventilation rate is 6000 CFM, based on the NO
emissions at mode 1.

The NO2 ventilation requirements from the fuel tests on the bare engine and engine/ DOC combination
are shown in Figure 8. The vertical scale is set to 6000 CFM, the ventilation requirement for the engine.
It is clearly noted the increase in NO2 emissions between the bare engine and the DOC equipped
engine. This increase, while large, does not approach the ventilation requirement of the engine. With
adequate ventilation in the mine area where the engine is operating (6000 CFM and above) it does not
seems likely for NO2 emissions to rise above a miner’s TLV levels for NO2 exposure.

34 See http:/ /www.msha.gov/regs/complian/PIB/2002/pib02-04.htm ,

http:/ /www.cdc.gov/niosh/blog/nsb020209 no2.html and

http:/ /www.cdc.gov/niosh/ mining / pubs/pubreference/outputid2604.htm and

http:/ /www.cdc.gov/niosh/mining/pubs/pubreference/outputid2094.htm for more discussion of this effect.
% Contact stackpole.russell@dol.gov for information on MSHA diesel lab testing.

36 CARB: California Air Resources Board.
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In mine environments with inadequate ventilation, where local “dead spots” exist in work areas, or
other reasons for poor air mixing, it would be possible for NO2 levels to rise to problematic levels faster
with use of a DOC than without. But if this event would occur, then other regulated gas levels would
also be increasing and most likely exceeding their individual TLV limits as well. For example, say
ventilation around this Isuzu 4JGIT engine with the DOC is 3000 CFM. For some of the fuels tested
with a DOC, this is not adequate ventilation to keep NO2 below 5ppm. But NO at that point would be
twice as high as the 25ppm limit and CO2 would also have exceeded its 5000ppm limit. It is also noted
that such low ventilation would cause the miner’s personal exposure to exceed the TC limits, even with
the 50% TC reduction provided by a DOC and B100 fuel.

Therefore, while the increase in NO2 is one undesirable side effect of the use of a DOC, the increase in
NO2 generally should not affect a well managed mine environment. MSHA has made mine operators
aware of these potential increases in NO; with the use of these technologies and should be monitoring
and testing for NO2 exposure in localized areas where circumstance might limit ventilation or where
there was a concentration several mining machines.
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Figure 8: NO2 Ventilation Rates for (a) Bare engine and (b) Engine with DOC.
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Discussion Part 3: Other Testing on Alternative Fuels:

There is a wealth of other data on alternative fuels in the technical literature and in other government
publications. Some of this dates back literally decades, especially in the F-T fuel case. Locating and
correlating the details of the testing and results is a large and never ending task in a field of continuing
research. However, for our purposes, the data generated by this test series should be compared to
some of the available data from other sources to attempt to discern its relevance to the goals of
understanding alternative fuel emissions and their potential for improving the a mine environment.
Some initial research into the literature produced the citations discussed below. Further research and
comparisons may be available in future reports or publications.

Part 3 A: EPA Analysis:

One attempt to gather the available data on biodiesel exhaust emissions was the EPA report “A
Comprehensive Analysis of Biodiesel Impacts on Exhaust Emissions” published in 2002%7. This report
analyzed pre-existing test data on engines, and vehicles on engines, 98% of which were model year
1997 and earlier. The report collected at large data set from the literature on biodiesel emission effects
and used statistical regression techniques to analysis the effect of biodiesel blends (from 0 to 100%
biodiesel) on the resulting emissions performance of the engine.

The data collection concentrated on actual production engines and diesel vehicles and purposely left
out data from research (single cylinder) engines, prototype engine technology, and data from test
cycles that were too far removed from a standard test protocol. The vast majority of engines
represented by the data collected were heavy duty on-highway (HDOH) diesel engines, although there
were relatively small data samples of heavy duty non-road (HDNR) engines and light duty on-
highway (LDOH) engines. The vast majority of tests were conducted on engines in a laboratory
environment, though a small data set from diesel vehicles tests were included. The vast majority of test
cycles used on these engines were the transient FTP protocol, although some data used the R49 13-
mode cycle (HDOH engines) and 8-mode cycle (HDNR).

Some important information about the data used in the study includes the following:

e Engines: 50% from "91-93, 19% from "94-97, 2% from "98 and newer, remainder "90 and older

e Diesel machine type: 80%HDOH engines, 17% HDOH vehicles, 2% HDNR, 1% LDOH

e Base Fuels: #1 or #2 diesel

e Biodiesel Fuels: transesterfied from misc plant and animal sources (+ few virgin oil samples)

e Biodiesel blends: 40+ samples of B20, 40 samples of B100, <10 samples of B50, plus a few other
blends

e Test Cycle : 80% Federal FTP transient cycle, 7% EEC R49 13-mode, 2% non-road 8-mode

%7 See http:/ /www.epa.gov/otaq/models/analysis/biodsl/p02001.pdf for PDF copy of the report.
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Although it is not specifically stated, the test protocols used would indicate that DPM measurements
were all gravimetric, and that none of the research collected or used PM data for specific components
such as EC or OC measurements. This will be verified by researching a selection of the reference
documents. Assuming the measurements reported are gravimetric, they can be compared to the
gravimetric results of the MSHA tests.

It is noted specifically in the report that the vast majority of engines were pre-1998 specifications, so
that newer technologies such as EGR and DPF are not represented. However in no place is there any
mention of catalyzed DOCs. It would seem that technology would deserve some mention, as it was
already being applied (at least in a limited fashion) in the time period represented by the test data. So
it cannot be determined from the report whether the data represents only raw engine data or there is
some representation of biodiesel emissions that include a DOC on the engine3®.

After initially analyzing the available data and potential variables that effect emissions performance,
the statistical correlations were made using only the HDOH engine data, using the FTP transient cycle.
Then these correlations were analyzed for second order relationships to detailed information from the
tests such as fuel source, test cycles, engine groups (based on model years), etc. Then the predictions
from the correlations were then compared to the data sets excluded from the initial correlation
calculations; HDHW diesel vehicle test data, HDNR data, LDOH.

The correlations between biodiesel and emissions changes in NOx, PM, HC and CO are reproduced
here as Figure 9 (Figure IV.A.1-1, page 37 in EPA report). Figure 10 shows only the PM correlation
plotted with the data used to generate the correlation (Figure IV.A.1-3 from page 39 of EPA report).
Visually, the data in Figure 10 shows significant scatter in the test results; for example, note the
variation in PM data at 100% biodiesel. Note again, this is all HWHD data run on FTP cycles, so
different engine types and test cycles are already excluded.

Some “clustering” of data can be seen in the data as plotted in Figure 10, in that some data is sometimes
found in semi-distinct groups along the vertical axis of % biodiesel. No attempt was made using the
raw data to see if there were distinct relationships in the raw data, but only analyzed the relationships
in the data relative to the correlation. There is no way to know from the report if the “clusters” noted
can be linked to any of second order effects such as biodiesel type differences, engine groups (model
year), base fuels, duplication of experiments, etc.

The report’s analysis of second order relationships in the correlation showed:

e R49 13-mode data compared to FTP correlation: appears to be a difference in PM and CO result
between FTP and R49 - R49 data excluded from final correlations.

38 This is being researched by obtaining representative SAE reports used as references by the EPA.
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o Fuel Effects: plant and animal bio differing PM results, soybean and rapeseed types produce a
3-7% difference at the B100 level.

e Engine Groups: '91-'93 engine group ~23% better PM emission than other groups at B100 level.

e Base Fuels: “clean fuels” ( high cetane, low density, low aromatics) produce a different %
change to biodiesel blends due to better initial (0% blend) performance, but will cause higher
NOX increases than blends using average diesels.

The report’s comparisons of the correlation to the data excluded from the correlation calculations:

e HDOH Vehicle Tests: PM and HC reductions from vehicle data less than predicted by the
correlation, NOx data from vehicles shows reduction, not increase in NOx with biodiesel, CO
reduction from vehicle tests higher than predicted by correlation.

e Virgin Oils: correlation should not be used to prediction virgin oil behavior

¢ HDNR Engine Tests: correlations do a poor job representing test data from non-road engines by
over-predicting NOX increase, over-predicting PM reduction, over-predicting CO reduction,
over-predicting HC reduction.

e LDHW Engines: correlation deviated significantly from LDHW engine data

The deviation of the limited non-road 8-mode engine data was investigated further by comparing it to
a correlation generated using the HDHW R-49 13-mode data. The results of this analysis showed that
clearly the effects from biodiesel deviate between HDHW and HDNR engines. The difference between
the R49 correlation and the HDNR engines were:

e Correlation over-predicted NOx increase compared to NR data.
e Correlation did not match NR PM, CO or HC data - data from NR deviated significantly.

The conclusion from the FTP and R49 correlations when compared to the non-road test data was that
there appears to be a difference in response between on-highway and non-road when using biodiesel,
even though technology of the two engine types is quite similar, if not essentially the same. The
limited non-road data restricted the ability to make detailed comparisons, but it was concluded that
the HDHW correlations would not predict HDNR behavior reliably.

For comparison, the MSHA data was superimposed on the EPA emission correlations, as shown in
Figure 11. The MSHA data used bare engine data, and gravimetric DPM data based on the
assumption the EPA correlations are representative of the same. It is clearly noted the correlations to
not appear to correspond to the results of the MSHA non-road tests.

3 LDNR engine data was not available; nothing can be said for this engine type.
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Figure IV.A.1-1

Basic emission correlations

20%
10%
0%
-10%
-20%
-30%
-40%

-50%

Percent change in emissions

-60%
-70%

-80%

NOx |

PM

N

0

20

40 60 80
Percent biodiesel

100

Figure 9: EPA Correlations between HDOH FTP test data and percent biodiesel (Figure IV.A.1-1,
page 37 in EPA report).

Figure IV.A.1-3
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Figure 10: EPA PM Correlation between HDOH FTP test data and percent biodiesel with test data
overlaid (Figure IV.A.1-3 from page 39 of EPA report).
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Figure 11: EPA Emission Correlations for Biodiesel with superimposed MSHA data (MSHA data points color coded to correlation
curves).
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Part 3B: University of Minnesota Evaluation (DEEP):

Another citation, in this case particularly applicable to mining, is a study conducted by the University
of Minnesota of in-mine emissions measurements and comparisons of petroleum and biodiesel
emissions on mining machines using DOCs. This study was published in 1998 in connection with the
Canadian Diesel Emission Evaluation Program (DEEP)#0. Participants included NIOSH, and several
other organizations listed in the report.

A description of the work from the executive summary says:

“The study characterized the concentration of diesel particulate matter (DPM) and
exhaust gas emissions in a non-producing test section. During the first week of the
evaluation a diesel powered scoop was operated on low sulfur, number 2 diesel fuel
(D2). During the second week the scoop was operated on a 58 % (by mass) blend of
soy methyl ester (SME) biodiesel fuel and a low sulfur D2. During both weeks the scoop
was equipped with a pair of identical, advanced design diesel oxidation catalysts (DOC).
The objective of the evaluation was to determine changes in exhaust emissions and to
estimate operating costs of a test vehicle fueled with blended biodiesel.”**

The machine used in the study was a Wagner ST-8a scooptram powered by a Deutz F12L413FW
engine. The fuels used in the study were low sulfur D-2 and soy biodiesel from NOPEC Corporation.
The evaluation tested pure D-2 compared to a blend of biodiesel/D-2 (approximately 56% biodiesel).

The DOCs used were provided by the Manufacturers of Emissions Controls Association. The machine
was operated daily for approximately 5 hours while emissions samples were collected. The test
method used upstream, downstream and on machine sampling for emissions, as well as daily torque
stall measurements of engine performance and consistency. @ Measurements included gas
measurements, DPM size selective sampling (SS), respirable combustible dust (RCD) and NIOSH 5040
carbon analysis. Sampling was normally conducted for 4 days per test condition.

The results of the mine sampling study for the carbon emissions showed that the blended fuel DOC
combination lowered TC emissions by approximately 21% compared to D-2 DOC combination. This
drop incorporated an EC reduction of 28.6% and an OC reduction of 6%. There was no data collected
for the bare engine (without DOC) for either fuel tested, so there is not way to characterize the changes
in EC and OC emissions found between fuel effects and DOC effects.

40 See http:/ /www.deep.org/, http:/ /www.canadianbioenergy.com/resources/Mining DEEP_report.pdf , and
http:/ /www.deep.org/reports/inco_bio.pdf.
41 Page 4, http:/ /www.deep.org/reports/inco_bio.pdf.
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This test comparison approximates the B50 blend in Scenario 3 in the discussion above. That scenario
showed a reduction in B50 with DOC of 25% in TC compared to LSD with a DOC. The corresponding
EC change was -43% and OC change of -12%. These results from the MSHA tests compare fairly well
with in-mine study, considering with differences in basic method, as well as fuel, engine and DOC
differences.

The study also noted the increased NO2 generation through the use of DOCs. In raw exhaust
emissions during the torque stall testing, NO2 emissions downstream of the DOC increased by 185%
for D-2 and 233% for the biodiesel blend compared to upstream of the DOC. These results are of the
same order as those found during MSHA's testing. The in-mine air testing revealed that this increase
in raw emissions did not equate to large NO2 in the mine atmosphere; usual readings for D-2 were
around 2ppm, for the blend around 2.3ppm.

There was no sampling of the equipment while running with no DOC and LSD. There was a one day
sample collected for the biodiesel without the DOC. (conducted at the request of the mining company).
The sample was too small for comparison to the other data, and could not be compared to D-2 without
a DOC. It is interested to note in this sample that the 5040 analysis of this one day sample showed a
mean OC reading of 0.22 pg/m3 and an EC of 0.14 pg/m3. This is an unusual reversal of the normal
ratio of OC to EC; the emissions of OC are 1.57 times the EC emissions. Though this implies increased
OC emissions with the use of biodiesel, there is not enough data in the sampling, or comparative data
for D-2 to make a determination.

Part 3C: Engine Tests of a Caterpillar 3304 PCNA engine.

A series was conducted#? by J. F. McDonald, et al, and published in 199543. These tests were conducted
by the University of Minnesota (Center for Diesel Research) and the U.S. Bureau of Mines. This test
used a Caterpillar 3304 naturally aspirated, indirect injection engine (100hp) to laboratory test the effect
of soy-based biodiesel with and without a DOC, and compared to D-2 LSD with and without a DOC.

Tests were conducted in laboratory using 100% biodiesel, a 30/70 blend of biodiesel and D-2, and D-2
LSD as a baseline for comparison. Each fuel was tested with and without a DOC.

The test cycle was the ISO-8178 8-mode steady state test, essentially identical to MSHA test cycle. The
DPM emissions results were gravimetrically analyzed by the same techniques as used in the MSHA
tests. In addition, the DPM samples were characterized using vacuum oven sublimation to separate
the volatile organic portion of the DPM from non-volatile portion. Though a different technique, this

42 See SAE 950400.
43 A paper on in-mine testing from 1997 was prepared by McDonald and may be reviewed in future updates to
the MSHA report.
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analysis roughly reproduces and EC/OC analysis in that the volatile organics equate to OC and the
non-volatile to EC.

The results of the testing showed that for the bare engine overall DPM reductions were insignificant for
the 30/70 blend, while the B100 biodiesel reduced total DPM by about 31%. The B100 biodiesel on the
bare engine had reduced the non-volatile portion of DPM by greater than 50%, but increased volatiles
(~OC) had offset some of the reduction.

The results for use of the DOC showed that total DPM was reduced by the DOC by 19% for D-2, for the
blend by 35%, and for B100 biodiesel the total reduction was 59%. The analysis of the volatile vs. non-
volatile portions of the DPM showed that the DOC was not having a significant effect on non-volatile
portion of the DPM, but was dramatically reducing the volatile portion.

The tests also measured the gas emissions of the engine. The variations in gas emissions were
generally small, with the exception of CO and NO2. Weighted average emissions of CO were lowered
69-74% with the use of the DOC. Weighted average NO2 emissions increased by 50% with the DOC on
the blended fuel, and 125% for the 100% biodiesel with a DOC.

Part 3D: Biodiesel Evaluation at Homestake Gold Mine.

McDonald, et al conducted another study of biodiesel in 1997 at the Homestake gold mine. Participants
included the University of Minnesota (Center for Diesel Research) and NIOSH. This test was a field
trial using a Wagner LHD#* machine powered by a Caterpillar 3306 PCNA 150 hp engine. The
machine was equipped with an Engelhard DOC for the study. The testing involved sampling air
upstream, downstream, and near the machine operator while the machine was working hauling waste
material in the test section of the mine. Tests were conducted using LSD D-2 fuel and B100 biodiesel
fuel supplied by Twin Rivers Technology.

The emissions of the machine were monitored over a six week period while using the two fuel types.
Sampling methods were by the RCD method and size selective sampling using personal diesel exhaust
aerosol samplers (PDEAS). The RCD method provides a gravimetric measurement (mass emission)
changes and the size selective sampling also provides a time weighted average exposure to particulate
mass. Emissions were calculated in an energy specific and Time Weighted Average (TWA) exposure
for mining personnel. These measurements did not analyze for the carbon types, EC and OC, in the
samples collected.

Results of the tests showed a dramatic change in mass DPM emissions between the two fuel types. The
RCD sampling showed a reduction in RCD TWA combustible dust by 67% between D-2 and B100. The
PDEAS sampling showed a reduction of 49% between D-2 and B100.

4 LHD=load, haul, dump.
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The authors noted that the reduction in DPM emissions was greater than previous laboratory
results (see section 3C above). They postulated that the greater reduction could be partially
due to a heavier in-mine load-cycle for the LHD in comparison with the load-cycles used
during previous laboratory emissions evaluations. They noted that higher loads typically
increase emissions of EC and reduce the contribution of OC to total DPM emissions, in
contrast to lighter load modes which generally do the opposite.

Part 3E NIOSH Isolated Zone Study 2004:

NIOSH conducted an extensive study, published in 20044 on several technologies for emissions
reductions in underground mining. Some of the technologies included ceramic diesel particulate filters
(DPFs), DOCs, disposable exhaust filters, and alternate fuels. This study was performed in an isolate
section of the Nye Mine under controlled conditions while the machine under test was performing a
simulated duty cycle of loading and hauling material within the isolated zone of the mine.

Extensive sampling procedures were used for measuring gas and DPM emissions upstream, on the
vehicle and downstream air from the zone. Descriptions of the methods and equipment are detailed in
the report. Some of the measurements included samples for NIOSH 5040 carbon analysis, a high
volume sampler for gravimetric mass analysis, real time particulate monitoring, and a size distribution
/ particle count analyzer for aerosol particle measurement.

The machine used during fuel testing was a Wagner LHD equipped with a Caterpillar 3126B
turbocharged, after cooled engine of 200hp. Fuels tested of interest here were a D-1 diesel fuel, an
ULSD D-2 fuel, and a blend of soy biodiesel* blended as B20 and B50 blend with D-1 diesel fuel. Also
tested was a yellow grease#’ biodiesel also blended as B20 and B50 with D-1. The machine was tested
with and without the use of a DOC provided by DCL International for some, but not all of the fuels.

Some of the results of the testing applicable here are that EC emissions between D-1 and ULSD were
not significantly different. The B20 soy reduced EC emissions by 49%, while B50 soy reduced EC
emissions by 66% as compared with D-1. The corresponding yellow grease blends reduced EC
emissions by 33% and 56% compared to D-1. The MSHA B50 blend produced an EC reduction of 46%
for comparison.

Use of the B50 soy in combination with the DOC, produced an EC reduction of 68% compared to D-1
(the DOC not producing a significant EC improvement over B50 alone). ULSD with a DOC did reduce
EC emissions by 24% compared to ULSD alone.

45 See http:/ /www.cdc.gov/niosh/mining/pubs/pubreference/outputid2094.htm.
46 Supplied by Sustainable Systems, LLC
47 QGriffin Industries, Ltd.
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OC results were not provided in the report. NIOSH does not typically report that data.

The gravimetric analysis samples showed B20 and B50 soy emissions reductions of 32% and 48% in
total particulate mass (TPM) compared to D-1. The B20 and B50 yellow grease results showed
reductions of 30% and 44% compared to D-1. The MSHA B50 test produced a gravimetric DPM
reduction of only 13.8% for comparison.

The use of the B50 soy blend with DOC produced a 15% reduction in TPM compared with B50 alone,
and a 57% reduction in TPM compared to D-1. The MSHA B50 test produced a 47.5% gravimetric DPM
reduction for comparison.

Conclusions and Comments:

The following are some conclusions and comments on the testing, analysis and literature review
contained in this report. It is divided into three parts. The first is conclusions and comments relating
specifically to the laboratory testing conducted by MSHA. The second is comments concerning the
analysis and literature discussed in the report. The third part contains some comments concerning
issues with variability in emissions reductions using (B100) biodiesel fuels, or any alternative fuel.

Part 1:

The results of laboratory testing conducted by MSHA produced several items of interest, relative to
diesel emissions from different fuel formulations. These are listed below:

e DPM production from the petroleum diesel fuels was similar, whether measured by overall
mass or total carbon (TC) production, though there was some variability.

e TC emissions of petroleum diesels were reduced by the use of a DOC, though overall mass
emissions from some petroleum diesels can be increased by the use of a DOC due to formation
of sulfates, nitrates, etc.

e Use of B100 biodiesel resulted in a modest reduction in TC and DPM mass emissions when
compared to petroleum diesel on a bare engine.

e Use of a B50 blend reduced DPM mass and TC emission on a bare engine.

e Use of F-T synthetic reduced TC and DPM mass emissions significantly on a bare engine.

e Use of B100 biodiesel in combination with a DOC resulted in the greatest reductions in both TC
emissions and DPM mass emissions of any fuel and engine condition tested. The combination
of B100 and a DOC achieved greater TC and DPM mass reductions than either B100 on a bare
engine or a DOC used with petroleum diesel fuel.

e Use of F-T synthetic fuel in combination with a DOC reduced DPM mass and TC emissions but
the reduction was similar with the F-T fuel on a bare engine.
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e Use of a B50 blend in combination with a DOC reduced DPM mass and TC emission, this
reduction being greater than B50 on a bare engine, but less than B100 in combination with a
DOC.

e There was some advantage when using the alternative fuels for reduced CO and reduced NO2
emissions on the bare engine. CO2 and NO are not significantly affected.

e Use of a DOC uniformly eliminated nearly all CO emissions from the engine.

e Use of a DOC will increase NO2 production, though not to dangerous levels as long as
adequate mine ventilation is maintained.

e Engine performance did not significantly vary with any of the fuels tested, save for the F-T fuel,
which lowered engine power by less than 10%.

Some comments specifically relating to the MSHA testing include the following;:

e The EC reductions shown for the B100 fuels were significant when tested on the bare engine.
The increase in OC production offset much of this improvement, which resulted in low TC
reductions for the B100 tests on the bare engine. All three B100 fuels showed this EC reduction
and OC increase.

e Based on the data generated in this report, the behavior of the three biodiesel fuels, when tested
as B100 were very similar. These B100 test fuels were all soy based fuels, though one was a
blend of soy and animal fats. Though biodiesels from other sources, such as yellow grease,
were not tested here, some of the information from the literature would suggest it would also
yield similar results when tested under like conditions.

e Itappears variability in emission reductions when using B100 in either a test or field application
is not primarily a fuel issue; i.e. one B100 should perform like another.

e Other alternative fuels, such as the F-T fuel and blends of biodiesel and petroleum diesel will
differ in performance from a B100, but will also produce useful reductions in TC emissions. It is
notable that blended biodiesel has less of an OC penalty than B100, and the F-T fuel does not
shows OC reductions at all load conditions.

e There is an inherent difference in the resulting emissions reductions when using B100 fuels, or
any fuel, on a bare engine compared to an engine equipped with a DOC. In MSHA tests, the use
of a DOC always enhanced any TC emission reduction produced by the biodiesel fuel.

e For the MSHA tests detailed in this report the goal of the tests was to determine if there were
significant differences in emissions between available alternate fuels and to determine what
changes are induced by the use of a DOC. The tests show how the variables change emissions
when tested under a particular test cycle and provide information for evaluating fuel and after
treatment choices. Applying any specific data point, or percent reduction, as a blanket answer
to all use conditions is misusing the information presented.
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Part 2: Analysis and literature review:

Some commentary based on the data analysis and the other research in the discussion section includes
the following.

* Variability in emission reductions when using B100 fuels is clearly demonstrated when comparing
the MSHA data and other literature, at least on a bare engine. It is clearly demonstrated in the EPA
literature review and the laboratory and field studies discussed. As noted above, the MSHA testing
does not find the variability due to fundamental differences between typical B100 fuels.

* The increase in OC production with use of biodiesels is extensively documented by the MSHA tests
and other research. This change in OC production with the use of biodiesels appears to be the
primary source of the variability in TC results between various tests. EC reductions with biodiesels
are generally consistent with B100 fuels producing EC reductions of around 50% on a consistent
basis.

* There is an inherent difference in the resulting emissions reductions when using B100 fuels, or any
fuel, on a bare engine compared to the engine equipped with a DOC. It is demonstrated by the
MSHA test results and the literature discussed above.

* The use of the DOC will always enhance any TC emission reduction produced by the biodiesel fuel
by consuming part of the OC emissions. A combination of B100 with a DOC has demonstrated
significant DPM reductions using a variety of test methods and analytical techniques. The MSHA
test analysis and comparison to other literature shows a combination B100 and DOC as the most
significant and consistent emission reduction technique*® of those studied herein.

Part 3 B100 Variability:

Some comments on the variability in emissions reductions when using B100 fuel (on bare engines
primarily) may be found below.

* Due to the demonstrable difference in resulting emissions between biodiesel alone and biodiesel
with a DOC, it must be made clear to the mining industry there is a difference, and confusion
resulting from misapplying data from one condition to the other must be avoided, whether that
confusion emanates within MSHA or the industry. There is concern by the author that some
performance expectations for B100 alone are based on data from a B100 with a DOC. Itis also a
concern that some “common knowledge” as it were, is mixing the two fundamentally different
behaviors into an aggregate B100 performance.

* Since EC reductions when testing B100 fuels appear to be uniformly significant and similar in
value, then the likely source of most TC variability is conditions that change OC production,
specifically conditions that enhance biodiesels inherent OC increase over petroleum diesel.

48 The B100 with DOC is the most significant reduction combination short of some form of active DPM filtration,
such as a ceramic DPF.

A&CC Diesel Laboratory Page 47 of 53
FILE: P09-38 Attchmt 6 - MSHA-fuel test - Report 2.doc

Signature:-



u.s. Department of Labor Mine Safety and Health Administration
Industrial Park Road

RR1, Box 251
Triadelphia, West Virginia 26059

FINAL REPORT

* There are some indications that engine type may play a role in biodiesel variability. This was
discussed in the EPA report where their statistical analysis suggested that there was some
difference between heavy duty and light duty engines, or on-highway and off-highway engines not
fully explainable by variations in test method. Engine differences such as naturally aspirated vs.
turbocharged, turbochargers with and without after cooling, direct vs. indirect injection (and
others) are potential variables that could affect OC emissions. Further literature research and/or
laboratory testing might be able to correlate some engine parameters to OC emission changes, but
this is beyond the scope of this report.

*  When using laboratory or field experimental data, the test method plays a role in the resulting
reductions measured. The EPA statistical analysis appeared to indicate some difference between
on-highway transient and off-highway steady state testing for example. Some tests, such as steady
state and field experiments might be compared and analyzed to better correlate the data to like
conditions, to eliminate some of the perceived variations in test results, but this is beyond the scope of
this report.

* For in mine field applications, duty cycle of the machine will play a role in any emissions changes
from the use of biodiesels such as B100. This effect can be implied from the MSHA steady state EC
and OC data; it can be shown that the EC/OC ratio (and absolute value of the respective carbon
portions of TC) changes depending on engine load. Specifically, lower engine loads at a given
engine speed increased OC's relative contribution to TC; this is a small but measurable effect for
petroleum diesels, but is a large dramatic shift for the B100 fuels. It is possible to use data from the
MSHA tests, and other literature, to build a simplified “model” of this effect to better characterize
this variability under a variety of duty cycles. In this fashion, it should be possible to map the
boundaries of B100 variability from a duty cycle perspective, but this is beyond the scope of this report.

* For B100 fuels, it can be predicted that TC reductions should be more significant for engines
working hard more of the time, than an engine running at low load conditions most of the time,
where a significant shift to OC production would offset the inherent EC reduction capability of
B100. However, since this duty cycle cannot be in detail defined from machine to machine, nor
mine to mine, this potential variability will remain just that - TC reductions will vary.

Items above beyond the scope of this report may be studied and reported upon if of value and interest to
MSHA and the mining industry.
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Certificate of Analysis

CoA Date: 04/02/2008

Shipped To: MINE SAFETY & hEALTH ADMINISTRATION
INDUSTRIAL PARK ROAD

251

TRIADELPHIA WV 26059

USA
Recipient:
Fax:

PO #: 311455
CPC Delivery #: 87623802

Ship Date: 04/02/2008

Package/Mode: 54 GAL DRUM
Quantity: 4 EA

Certification Date: 03/05/2008
Transportation ID:

Shelf Life: Undetermined

Product: DIESEL 2007 ULS FUEL., 54 GAL DRUM

Material Code: 1069147

Lot Number: S8APUL702

CEETIFIEP ULSH

Property Test Method Specification Value Unit
specific Gravity 60/60 ASTM D-4052 0.8400 - 0.8550 0.8489
AP Gravity ASTM D-4052 34.0 - 37.0 35.2
Particul ate Matter ASTM D-8217 <= 15.0 0.0 mg/ L
Cloud pPoint ASTM D-2500 -5 FAH
Flash Point, PM ASTM D-93 »>= 130 150 FAH
Pour Point ASTM D-97 -20 FAH
Sul fur ASTM D-5453 7.0 - 15.0 9.0 pRm
Viscosity a 400 ASTM D-445 2.0 - 3.0 2.2 cSt
Hydregen ASTM D-3343 13.1 WT%
Carbon Calculated 86.9 WT%
polynuclear Aromatics ASTH D-5186 11.9 WT%
SFC Aromatics ASTM D-5186 31.C WT%
Net Heat of Combustiocn ASTM D-3338 18430 BTU/LB
Cetane Number ASTM D-613 43 - 47 44
Cetane Index ASTM D-976 42.0 - 48.0 44 .19
HFRR Lubricity ASTM D-6079 <= 0.4 0.3 mim
Distillation - 1BP ASTM D-86 340 - 400 351 FAH
pistillation - 5% ASTM D-86 388 FAH
Distiltation - 10% ASTM D-86 400 - 460 408 FAH
Distillation - 20% ASTHM D-86 435 FAH
Distillation - 30% ASTM D-86 453 FAH
Distillation - 40% ASTM D-86 470 FAH
Distiltation - 50% ASTM D-86 470 - 540 486 FAH
Distillation - &60% ASTM D-86 502 FAH
Distillation -~ 70% ASTM D-86 520 FAH
Distillation - 80% ASTM D-86 544 FAH
Page 1 of 2
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,E-’;e .;i"/‘;;;n CoA Date: 04/02/2008
Bhilﬁ:?bs CPC Delivery #: 87623802
Chemical Company ¥ (P PO #: 31 1455
Certificate of Analysis

Product: DIESEL 2007 ULS FUEL, 54 GAL DRUM
Material Code:1069147
Distillation - 90% ASTM D-86 560 - 630 583 FAH
Distillation - 95% ASTM D-B& 620 FAH
Distillation - EP ASTM D-86 610 - 690 £50 FAH
Distillation - Loss ASTM D-86 0.4 ML
pDistillation - Residue ASTM D-84 1.2 ML
Aromatics ASTM D-1319 28.0 - 32.0 28.5 LV%
olefins : ASTM D-1319 3.2 L%
Saturates ASTM D-1319 68.3 L%

The following tests, HFRR Lubricity, Polynuciear Aromatics, and SFC Aromatics, are conducted after initial release.
If the results do not appear on your Certificate of Analysis and you would like to receive them, please e-mail
cpcrashippingclerks@cpchem.corn

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP.

However, there is no warranty of any kind, either expressed or implied, applicable to its use, and the user
assumes all risk and liability in connection therewith.

K € Dbt

Ken Inkrott
Quality, Applications and Technical Service Manager

For CoA questions contact Kim Lindley at 806-275-5577
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"f’l;gﬁ _ VRON PHILLIPS CHEMICAL CO. LP
Phii’i‘:’s Box 4910, The Woodlands, TX 77387
Chewicl Compasy ' tP 100071 Six Pines Dr, The Woodlands, TX 77380 Delivery Number/Date:
87623902 / 04/02/2008
Employee Responsible:
Krissi Henson
Customer P.O./Date:
Soid-To customer number: 10038882 311455 / 03/12/2008
Bilt- To customer number: 10037406 Sales Order no./Date:
MINE SAFETY & hEALTH ADMINISTRATION 6611280 / 03/28/2008
251 INDUSTRIAL PARK ROAD Ship-From:
TRIADELPHIA WV 26059 X301/H / PHILTEX COMPLEX
Ship-To customer number: 20048351 Via:
MINE SAFETY & hEALTH ADMINISTRATION LTI, Carrier-Road /
251 INDUSTRIAL PARK ROAD Transportation Charges:
TRIADELPHIA WV 26059 COL FOB Origin/Collect
Route:
FXPFE
FEDEX FREIGHT EAST
TERMS: Net 30 Days FROM DATE OF INVOICE
REQUESTED SHIP DATE: 04/02/2008
LOAD DATE: 04/02/2008
L
ltem Material Qty
Description
0C0010 4,00 EA
DIESEL 2007 ULS FUEL, 54 GAL DRUM
1069147
NW: 1512.001 LB £85.832 KG EA: 378.000 LB / EA 171.458 KG/EA
GW: 1692.104 LB 767.525 KG EA: 423.026 LB / EA 191.881 KG/EA

£5.55 C

FREIGHT NAME: DISTILLATES
API GRAVITY:35.9
QTY SHIP:_4.00 EA
QTY SHIP:_215.692 UGHE
LOTS : _8APUL702

PO # 311455

04/02/2008 1777 PRP-010

Density: 7.01

ZSCP-ZRVADDNO1 WSUB-Z SPECCHEMPACK



Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: 2007 Cert. VLSD LS b

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = 0.84 - 0.855

Specific Gravity of product at ambient (room temperature) = 0.8425 at 71.4°F (21.9°C)

SG at 60°F (15.5°C) = 0.8461 + 0.0001 = 0.8462

5G at ambient (72.3 °F/ 224 °C)=(.8425

SG at 100°F (37.7°C) = 0.828

SG at 150°F (65.5°C) = 0.794

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

SG at 60°F (15.5°C) =

5G at ambient ( °F/ °Cy=

SG at 100°F (37.7°C) =

5G at 150°F (65.5°C) =

Comments
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Ch. m HEVRON PHILLIPS CHEMICAL CO. LP

7 ox 4910, The Woodlands, TX 77387
Phillips o
Chamin:. Lompany B 10001 Six Pines Dr, The Woodlands, TX 77380

Sold-To customer number: 10038882
Bill-Te customer number: L1003 8882
NETT TECHNOLOGIES INC
2-6707 GOREWAY DRIVE
MISSISSAUGA ON L4V 1P7
CANADA

Ship-To customer numper: 20048351
MINE SAFETY & hEALTH ADMINISTRATION
ATTN BOEB SETREN

251 INDUSTRIAL PARK ROAD
TRIADELPHIA WV 26058

TERMS: Net 30 Days FROM DATE OF SHIPMENT
REQUESTED SHIP DATE: 01/14/2008.
LOAD DATE: 01/14/2008

Delivery Number/Date:

87567936 / 01/14/2008
Employee Responsible:

Krissi Henson

Customer P.0./Date:

311310 / 01/03/2008

Sales Order no./Date:

6570188 / 01/08/2008
Ship-From:

X301/G / PHILTEX COMPLEX
Via:

LTL Carrier -Road /
Transportation Charges:

PPD FOB Dest./Prepaid & Added
Route:

FXFE

FEDEX FREIGHT EAST

CEETIFIER [LSD

Item Material Qty
Description

000010

4.00 EA

DIESEL .05 5Y5 CERT FUEL, 54 GAL DRUM

1024285
NWw: 1520.008 LB
GW: 1699.976 LB
+62C

FREICGHT NAME: PETROLEUM DISTILLATES

API GRAVITY:35.4
QTY SHIP: 4 EA
LOTS:_7JP05201

Density: 7.06

N1 ADANR ARRA-2T PRP-010

689.464 KG EA: 2380.002 LB / EA
771.0%6 KG EA: 424.994 I.B / EA

172.366 KG/EA
192.774 KG/EA

ZSCP-ZRVADDNOT WSUB-Z SPECCHEMPACK
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- CoA Date: 01/14/2008
Chevron ate

Philligs

Chemisal Comipany.

Certificate of Analysis

Shipped To: MINE SAFETY & hEALTH ADMINISTRATION PO #: 311310

ATTN BOB SETREN CPC Delivery #: 87567936
251 INDUSTRIAL PARK ROAD Ship Date: 01/14/2008
TRIADELPHIA WYV 26059 Package/Mode: 54 GAL DRUM
USA Quantity: 4 EA
Recipient: Certification Date: 10/31/2007
Fax: Transportation ID:

Shelf Life: Undetermined

Product: DIESEL .05 5Y5 CERT FUEL, 54 GAL DRUM
Material Code: 1024295

Lot Number: 7JP05201

Property Test Method Specification Value Unit
Specific Gravity 60/60 ASTM D-4052 0.8398 - 0.8654 0.8406

API Gravity oK ASTM D-4052 32.0 - 37.0 36.8

Corrosion (3 hrs @ 50C) ASTM D-130 1A

Particutate Matter ASTM D-6217 <= 15.0 1.8 mg/ L
Cioud Point ) ASTM D-2500 <= 10 -2 FAH
Flash Point, PM 9K ASTM D-93 >= 130 158 FAH
Pour Point ASTM D-97 <= 0 -12 FAH
sulfur DK ASTM D-5453 300.0 - 500.0 322.0 ppm
Viscosity @ 40C 9{4 ASTM D-445 2.2 - 3.2 2.5 cSt
Hydrogen ASTM D-3343 13.2 WT%
Carbon Calculated 85.8 WT%
Carbon Density Calculated 2,750 - 2,806 2756 g/gal
Net Heat of Combusticn ASTM D-3338 18467 BTU/LB
Cetane Number @ ASTM D-613 46 - 48 45

Cetane Index (O fa ASTM D-976 46.0 - 48.0 47.3

Distillation - [BP v ASTM D-86 340 - 400 389 FAH
Distillation - 5% ASTM D-86 417 FAH
Distillation - 10% v ASTM D-86 400 - 460 427 FAH
Distillation - 20% ASTM D-86 443 FAH
Distillation - 3C% ASTM D-86 460 FAH
Disti{lation - 40% ASTM D-86 475 FAH
Distiliation - 50%\/ ASTM D-B85 470 - 540 489 FAH
Distillation - 60% ASTM D-86 503 FAH
Distillation - 70% ASTM D-86 520 FAR
Distillation - 80% ASTM D-86 544 FAH
Distillation - 90% ¥ ASTM D-86 560 - 630 585 FAH
Distillation - 95% ASTM D-86 623 FAH
Distillaticn - EP ASTM D-B6 610 - 6%0 656 FAH

Ok -
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. ) CoA Date: 01/14/2008
Chevron

. [ CPC Delivery #: 87567536

Phillips

Chemical Compony B 1P

Certificate of Analysis

Distillation - Loss ASTM D-86 0.3 ML
Distillation - Residue ASTM D-86 0.6 ML
Aromatics ok ASTM D-1319 28.0 - 31.0 30.2 LV%
Qlefins ASTM D-1319 1.¢ L%
Saturates ASTM D-1319 68.8 LV%

The following tests, Polynuclear Aromatics and SFC Aromatics, are conducted after initial release. It the results do
not appear on your Certificate of Analysis and you would like to receive them, please e-mail
cpcrashippingclerks@cpchem.com

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP.

However, there is no warranty of any kind, either expressed or implied, applicable to its use, and the user
assumes all risk and liability in connection therewith.

K € Dbt

Ken inkrott
Quality, Applications and Technical Service Manager

For CoA questions contact Kim Lindley at 806-275-5577

Wrchn HoFR 586
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Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: 2005 Cert. low sulfur

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = .837 - 0.865

Specific Gravity of product at ambient (room temperature) = 0.833 at 70.9°F (21.6°C)

SG at 60°F {15.5°C) = 0.8367 +0.0003 = 0.8370

SG atambient ( 72.3 °F/ 224 °C)=0.833

SG at 100°F (37.7°C) = 0.822

SG at 150°F (65.5°C) = 0.788

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

5G at 60°F (15.5°C) =

SG at ambient ( °F/ °C)=

SG at 100°F (37.7°C) =

SG at 150°F (65.5°C) =

Comments
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& Ergon- West Virginia, Inc. Material Safety Data Sheer

& comgpany that works™ .
Ultra Low Sulfur Diesel Date ofpmanﬁon:mg'ﬁﬁm"
Section 1 - Chemical Product and Company Identification
Product Neme: Lo Sulfor Qisgel ‘
Synomyms: Complex mixture of paraffinic and aromatic hydrocarbons

CAS Number: 68476.34-6

Mamifacturer: Ergon ~ West Virginia, Inc., P.O. Box 356, Neweil, WV 26050
Company Contact:  Will Pae, Phone (601) 630-8319 (Vicksburg, MS)
EMERGENC ELEPHONE NUMBERS:

Ergon - West Virginia, Inc. (304) 387-7000 Norrnal! Business Hours
Chemtrec (800) 424-9300 After Business Hours

Section 2 - Composition / Information on Ingredients

A complex mixture of hydrocarbons with carbon nurmbers in the range C9 and higher.

_ Ingredient Name |  CASNumber | % wol
Diescl Fuel 68476-34-6 100
Xylene (total) 1330-20-7 0.25
Toluene 108-88-3 <0.1
Ethyl benzene 100414 <(0.1

This product is considered a hazardous product under 29 CFR 1910.1200 (Hazard Communication).
OSHA PEL ACGIH TLV NIOSH REL NIOSH
Ingredient TWaA STEL TWA STEL TWA STEL IDLH
Dicscl Fuel 5 mg/m? none estab, 5 mg/m? 10 mg/m3 5 mg/m? 10mg/m> | none estab.
(oil tnist) {oil mist) (oil misr) (oi) mist) {oil mist)
100 mg/m?
(ol
hydrocarbons
© skin)
Xylene (total) 100 ppm 100 ppm 150 ppm 100 ppm 150 ppm 900ppm
Toluene 200 ppm 300 ppm 50 ppn 100 ppm 150 ppm 500 ppm
Bthyl benzene 100 ppm 100 gpm 100 ppm 100 ppm 125 ppm 800 ppm
Section 3 - Hazards Identification
A AN AA Emergency Overview A AA% :[mﬂsl
This product is a clear, bright liquid with a mild petrolewm odor. It will burn at tsmperatures above F 2
150°F. Extinguish fire with carbon dioxide, dry chemica), foam or water fog. Do nat point solid water R 0
stream directly Into buwrning oll to avold sprexding. Wear full set of protective equipment including PPE!
chemical gopgles nnd gloves. May cause skin hazard, repested skin contact may increase risk of sidn tSoo. 8
cancer, LABEL INFORMATION: COMBUSTIBLE

Potential Health Effects
Inhalation: Vapors may causc headaches, dizziness, drowsiness, unconsciousness, and other central nervous system effects,
Eyes: This product may cause severe irritation, redmess, or blurred vision.
Skin: This product may be severely irritating to the skin, Symptoms may include redness, edema, drying, defatting and
cracking of the skin. Long term repeated exposure may cause skin cancer.
Ingestion: This product may be harmful or fatal if swallowed. Pulmonary aspiration hazard if swallowed. Ingeation can
cause gastrointestinai irritation, nausea, vomiting and diarrhea. i

wnn/inn B X¥d ZEIEL 8002/GL/



. Ultra Low Sulfur Diesel June 2. 2006

Note: IARC hes classified dicsel engine exhaust ag group 2A carcinogen and diesel firel as group 2B carcinogen, which
determined there is inadequate evidence for carcinogenicity of diese! fuel in humans, limited evidence for carcinogenicity of
marine dlese] fuel in animals, and sufficient evidsnce for cercinogenioity in experimeatal animals for dicsel engine exhaust
and extracts of exhaust particles, with limited evidence for carcinogenicity in hurnans for dicsel exhaust.

Section 4 - First Aid Measures

Inhalation: Romove to fiesh air. Get medical attention if 8ymptoms persist,

Eye Contact; Flush eyes with lerge amounts of water for 15 minutes. Get medical attention.

Skin Contsct: Remove contaminated clothing. Wash affectad area with mild sorp and water. Launder contaminated
clothing before rense. Get medical attention if skin disorder develops.

Ingestion: If the material is swallowed, get immediate medical attention or advice - Do not induce vemiting.

Notes to Phyvlclan:  This material, if aspirated into the lungs, may cause chemical pneumonitis; treat the affected person
appropriately. Treat symptomatically.

Section 5 - Fire-Fighting Measures

Flash Point: 150 °F  ( 65.56°C)

Flash Point Method: PMCC

Burning Rate: nat determined

Autoignition Temperature: > 500 °F (260 ¢}

Lower Flammable Limit (LFL): 0.6%

Upper Flsmmable Limit (UFL): 7.5%

Flammahllity Classification: Combustible Liquid

Extingnishing Media: Dry chemicsl, foam, catbon dioxide, water fog. Use water to cool fire-exposed containers and to
protect personnel.

Genersl Flre Hazards: Firo end explosion hazsrds are moderate when this product is exposed to heat or Aame. Empty
containers may retain produst residus including flammable or explosive vapors. Do not cut, drill, grind, or weld near full,
partially full, ar empty product containers. Container my rupture on heating,

Hazardous Combustion Products; . Carbon dioxide, carbon monoxids, aldshydes and oxides of sulfur, May form toxic
materials under fire conditions,

Fire-Fighting Equiprent/Instructions: Do not point solid water atream direstly into burning oil to-avoid spreading. Use
water spray to cool fire-exposed containers and 83 a protective sereen. Wear full set of protective equipment including
chemical goggles and gloves, Minimize breathing gases, vapor, fumes or decompoaition products.

Section 6 - Accidentz] Release Measures

Containment Procedures: Contain the discharge material. Eliminate all sources of ignition or flammables that may come
into contact with a spill of this material.

Cleau-Up Proscdures:  Absorb with inert sbaorbent such ge dry clay, sand or distomaceous earth. Scoop up used absorbent
into drums. Dispose of spent absorbent in an approved industrial waste landfill. Do not allow the spilled product to enter
public drainags system or open water courees.

Evacustion Procedures: Isolate aren, Keep unnccessary persoinel awsy.

Speclal Instrucdons:  Surfsoes may become slippery after spillage. Wear appropriate protective equipment and clothing
during clean-np.

Section 7 - Handling and Storage

Procednres for Handling: Avoid Betting this material into contact with your skin and eyes, use chemical resistant gloves and
goggles. Use this product with adequate ventilation. Uso a NIOSH-approved respirator if exposed to oi] mist, and adequate
veatilaticn is not available. Wash hands after handling and before eating. Launder worl clothea frequently,

Recommended Storage Methods: Keep the container tightly closed and in a vool, well-ventilated place. Do not store this
material in open or unlabeled containers or near open fAames or strong oxidants. Eliminate all sources of ignition, Store away
from strong onidizers,

Page 2 of 4
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. Ultra Low Sulfur Diesel June 2, 2006
Section 8 - Exposure Controls / Personal Protection

Expasure Guidelines:

A. . Geoeral Product Information - If oil mists are generated, observe the OSHA exposure limit of 5 mg/m3.

B. Companent Exposure Limits - ACGIH, NIOSH or OSHA exposure guidelines listed for the product’s components.
Engineering Controls: Use in a well-ventilated area,

Eye / Face Protection: Wear goggles and/or safoty Rlasses with side-ghields.

Skin Protectfon: Wear oil impervious garments if contact is unavoidabls. The use of neoprens gloves is recommended,
Respjratory Protection: Not normally required for ambient air concentrations not exceeding (he Occupational Exposure
Limit. Ifmist is generated (heating, epraying) and engineering contrals are not sufficient, wear approved organic vapor

reepirator suitable for oil mist.
General: Use good hygiene when handling petroleum product,

Section 9 - Physical and Chemical Properties

Physlcal State: Liquld Water Solubfilty: negligible
Appearance: Clear Bolling Polut: 330°F

Color: Clear, pale yellow, or straw color Melting Polnt: not applicable

Odor: Petrojeum hydrocarbon odor % Voladle: 100

Odor Threshold: not available Evaporation Rate: <0.1 (butyl acetate = D
Vapor Pressure; 2 mm Hg pH: not determined

Vapor Density (Alr=1): >3
Specific Gravity (H;0~1): 0.8]

Section 10 - Stability and Reactivity

Chemical Stability: Stable

Hazardous Polymerization: Hazardoue polymerization will not occur.

Chemical Incompatibilides: This product may react with strong oxidizing agents.

Conditions to Avold (Stability): Avoid excessive heat and all sources of ignjtion.

Hazardous Decomposition Products: Carben diaxide, carbon monoxide, aldehydes, and oxides of sulfur.

Section 11- Toxicological Information

Acwte Togiclty / Target Organ Information:
A. Geoeral Product / Component Information

No data available on the product as a whole. Petroleum products may affect the skin end syes. Petroleurn mists o
vapors may affect the lunge. Bxcessive inhalaticn of of] miat may produce aceymulation of mineraf oi] in the lungs
accompanied by pulmonary fibrosis, Exhaust fumes ray have limited evidence for carcinogenicity in humans.

B. Component LD50 /LC50 - No data available for product,
Epldemlology: No data available for product.
Carcinogendcity:

A. General Product / Component Information - Prolonged and repeated skin contact with some mildly treated or untreated
nineral oils have produced skin cancer in laboratory animals.

B. Component Carcinogenicity Listings - Possibly carcinogenio to humans, LARC category 2B,

Teratogeniclty / Reproductive Effects; . No data available for the product as a whole. May contain ingredient that has
limited evidence of damage to developing fetus.

Neurotoxicity: Excessive exposure can cause dizziness and central nervous gystem depression.
Mutagemicity: No date available on this product as a whole.
Other Informaton: Prolonged eéxposlire can cause drying, scaling, rash or blistering of skin..

Page 3 of 4
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" Ultra Low Sulfur Diesel June 2, 2006
Section 12 - Ecological Information

.

Esotoxeity: Keep product out of sewers and Waterways, Dangorous to aquatic life in high concentrations.
Environmental Fate: No information is svailable.

Section 13 - Disposal Considerations

U.S. EPA Wazme Number & Descriptons:

A.  General Product Information - Material, if discarded, ia not expected to be a characteristic hazardous waste under
RCRA. As waste, other state and loca] regulations may apply to this product.

B. Component Waste Numbers - No EPA Waate Numbers ars applicable for this product’s components.
Disposal Instructions:
- Dispose of waste materiel according to Local, State, Federal, and Provincia! Environmental Regulation.

Section 14 - Transport Information

Proper Shipping Name: Combustible Liquid, n.0.s. Additional Shipping Information:
(Diesel Fuel oil) Package in accordance with 49 CFR, and
- Hazard Class: Combustible observe quantity limitations for aircraft.
DOT ID No.: NAI993 International Transpertation Regulations:
Packing Group: 1D Not regulated as dangerous goods.

DOT Skhipping Label: NONE required

Section 15 - Regnlatory Information

US, Federal Regulatory Information:

A. General Product Information - All components of this produst are listed on the U.S. EPA TSCA Inventory,

B. Componcnt Informadan - None of this product's components are listed under SARA Section 302 (40 CFR 355 App. A)
Product as a whale not listed under SARA Section 313 (40 CFR 372.65) or CERCLA (40 CFR 302.4).

State Regnlaons:

A. QGeneral Product Information - No components require labeling upder California Proposition 65, This material may
contain ths following carcinogens: toluene, dissel engine exhaust,

B. Compenent Information - This product yot listed on the state lists from CA, FL, MA, MN, PA and NJ; may contain
mgredients (xylene) listed on state list.

Other Regulations:
A. Gomeral Product Information - All known (non-proprietary) components of this product are listed on the EINECS
inventory of existing chernicals.
B. Component Information - Nome of this product’s components are listed on the Cangdian Controlled Product [ngredient
Disclosure List.
Section 16 - Other Information
Key / Legend

N=no; Y = yes; ppm - parts per million; mg/m3 = milligrams per cubic meter of air; ACGIH = American Conference of
Governmental Induatrial Hygienists; OSHA = Occupational Safety and Health Administration; TLV = Threshold Limit Value;
NIOSH = National Institute of Occupational Safety and Health: NTP = National Toxicology Program; JARC = International
Agency for Research on Capcer.

FPrepared By:  Will Poe Phome: (601) 630-8319

Superdedes MSDS Dated: New
This MSDS complies with OSHA Hazard Communication Standard (HCS) 29 CFR 1910,1200 and conforma to ANS] Z 400. 1
16-Section Formal,

Disclalmer: Ergon -- West Virginia, Inc. belicves this information is accurate but not all-inclusive in all circummstances. It js the
responsibility of the user to determine suitability of the material for their purposes. No warranty, expressed or implicd, iz givett,

Page 4 of 4
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ERGON — WEST VIRGINIA, INC.,
P.O. Box 1639
Jackson, MS 39215-1639
Phone: 601-933-3000
Fax: 601-933-3353

Fax Transmittal

To: Bob Setren From: Greg Binkley
Company: Fax #: 601-933-3353
Fax #: 304-547-2071 Direct #:  601-933-3335
Phone #: Date: April 9, 2007

Pages including cover: 3

Bob — please find our Marketing spec sheet along with a tank certificate of avalysis on our Ultra
Low Sulfur Diegel. Please understand the tank cert is only a snap shot of the diese] fuel on a
particular day; howcver, since you requested distillations and our Marketing Specifications don’t
carry that data we are sending you both.

If I can offer you any further assistance please let me know.
Thanks,

Greg Binkley

Ergon-West Va, Fuels Marketing

THE INFORMATION CONTAINED IN THIS COMMUNICATION 1S CONFIDENTIAL AND IS INTENDED
ONLY FOR THE USE OF THE ADDRESSEL, UNAUTHORIZED USE, DISCLOSURE OR COPYING IS
PROHIBITED AND MAY BE UNLAWEUL,
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Physlcal Properties
Viscosity, ¢St @ 100°F (37.8°C) ASTM D 445
AP| Gravity, 60°F (15.6°C) ASTMD 1250
Flagh Paoint, PMCC, °F (°C) ASTMD 83 130 (54)
Color, ASTM ASTM D 6045 __ 25 UNDYED -
Pour Point, °F (°C) ASTM D 5249
QOctober 1 to March 14 -15 (-26) =20 (-29)
March 15 to September 30 10 (-12) 5(-15)
Cloud Polnt, °F (*C) ASTM D 5773
QOctober 1 to March 14 . 6 {-14) 2(-17)
March 15 to September 30 20(-7) 12 -11)
Cetane Index ASTM D 976 52 57
Distillation, *F (°C) ASTM D 86
90% 540 (282) | 640 (338) 605 (318)
EP 690 (366) 635 (335)
Chemical Properties
Carbon Residue, wt% on 10% bottoms ASTMD 524 0.35
Sulfur, ppm ASTM D 4294 15 10
Ash, wit% ASTMD 482 0.01 NIL
Copper Strip Corrosion, 3 hrs. @ 122°F ASTMD 130 1
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ERGON WEST VIRGINIA, INC LOLQC\F\'

P.O. BOX 366
Nawall, WV 26050

ULTRA LOW SULFUR DIESEL TANK CERTIFICATE OF ANALYSIS

Date: _ 7~ 3-0% time: Q705

EPC #: A D 2 s394
‘Storage Tank #: 400 9
Test Description Test Method Result 4_[
AP Gravity, 60°F ASTM D 287 R, M
[Viscosity, cSt, 100°F ASTM D 445 Q.5
IViscosity, SUS, 100°F i ASTM D 445 32.1
Sulfur, ppm ASTM D 2822 2.0
Flash Point, PMCC, °F ASTM D 93 | 34
Color, ASTM ASTM D 8045 o)
Cloud Point, °F ASTM D 5772 Y
Pour Point, °F ASTM D 5949 -/5
Distillation, [BP, °F ASTM D 86 334
Distillation, 5%, °F ASTM D 86 357
Distillation, 10%, °F { ASTM D 86 369
Distillation, 20%, °F ASTM D 86 385
Distillation, 30%, °F ASTM D 86 405
Distillation, 40%, °F ASTM D 86 P
IDistillation, 50%, °F ASTM D 86 q4¢3
[Distiliation, 60%. °F ASTM D 86 498
[Distillation, 70%, °F ASTM D 86 534
Distillation, 80%, °F ASTM D 886 5¢7
Distillation, 0%, °F ASTMD 86§ 597
iDistillation, 95%, °F ASTM D86 ¢/ 3
|Distiiation, EP, °F ASTM D 86 | bAb
[Cetene Number ASTMDS76 | 5 7.06 |

Ergon Wesl Virginia. Ine,

Authorized R@emaﬁvs
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ERGON — WEST VIRGINIA, INC.
P.O. Box 1639
Jackson, MS 39215-1639
Phone: 601-933-3000
Fax: 601-933-3353

Fax Transmittal
To: Bob Setren From: Greg Binkley
Company: Fax #: 601-933-3353
Fax #: 304-547-2071 Direct #:  601-933-3335
Phone #: Date: April 9, 2007

Pages including cover: 3

Bob — please find our Marketing spec sheet along with a tark certificate of analysis on our Ultra
Low Sulfur Diesel. Please understand the tank cert is only a snap shot of the diesel fuel on a
particular day; howcver, since you requested distillations and our Marketing Specifications don’t
carry that data we are sending you both.

If I can offer you any further assistance please let me know.
Thanks,

Greg Binkley

Ergon-West Va. Fuels Marketing

THE INFORMATION CONTAINED IN THIS COMMUNICATION 1S CONFIDENTIAL AND ]S INTENDED
ONLY FOR THE USE OF THE ADDRESSEL. UNAUTHORIZED USE, DISCLOSURE OR COPYING IS
PROHIBITED AND MAY BE UNLAWFUL.
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& company that works™
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Physlcal Properties
Viscosity, ¢S{ @ 100°F (37.8°C) ASTM D 445 2.0 3.6 2.2
AP| Gravity, 60°F (15.6°C) ASTM D 1250 30.0 43.8
Flash Point, PMCC, °F (°C) ASTM D 93 130 (54)
Color, ASTM ASTM D 6045 .25 UNDYED
Pour Point, °F (°C) ASTM D 5949
Ocfober 1 to March 14 -15 (-26) -20 (-29)
March 15 to September 30 10 {-12) 5 (-15)
Cloud Polnt, °F (°C) ASTMD 5773
October 1 to March 14 6 (-14) 2(-17)
Mairch 15 to September 30 20(-7) 12 (-11)
Ceatane Index ASTM D 276 ' 52 57
Distiliation, °F (°C) ASTM D 86
90% 540 (282) | 640 (338) 805 (318)
EP 690 (366) 635 (335)
Chamical Properties
Carbon Residue, wt% on 10% bottoms ASTM D 524 0.35
Sulfur, ppm ASTM D 4294 15 10
Ash, wi% ASTM D 482 0.01 NIL
Copper Strip Corrosion, 3 hrs. @ 122°F ASTM D 130 1

T M raw #2490 2 laclinne
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ERGON

ERGON WV

NO. 2484

WEST VIRGINIA, INC

P.O. BOX 3566
Nawall, WV 26050

H-F~0F Time: CF05

Date:
EPC #: AD 25394
‘Storage Tank #: 4009
[rest Description | TestMethod Result
Pl Gravity, 60°F ASTM D 287 R b
iscosity, cSt, 100°F ASTM D 445 .45

||Viscosity, SUS, 100°F ASTM D 445 32.1
[[Suifur, ppm ASTM D 2822 2.0
[Flash Point, PMCC, °F ASTM D 93 |54
"COIUI‘, ASTM ASTM D 6045 O
Cloud Point, °F ASTM D 5772 4

Pour Point, °F ASTM D 5949 | -/
Distillation, IBP, *F i ASTMD 86 3sY l
Distillation, 5%. °F ASTM D 86 357
'Bisﬁuation, 10%, °F ASTM D 86 369
Distilation, 20%, °F ASTM D 86 383
Distillation, 30%, °F ASTM D 86 o5~
Distiltation, 40%., °F ASTM D 88 43
IDistillation, 50%, °F ASTM D 86 q4é3
[Distillation, 60%. °F ASTM D 86 498
IDistillation, 70%, °F ASTM D 86 s34
Distillation, 80%, °F ASTM D 86 5¢7
Iﬁisﬁuation, 90%, °F ASTM D 86 597
[Distitiation, 95%, °F ASTM D86 ¢/3
[Distination, EP, °F ASTMDS86 || &6A6
[Cetene Number ———— |"ASTMDO76 | 5 7.0C |

Ergon West Virginia, Inc,

Authorized R%aemalive

P'. . .35E 92/02
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ULTRA LOW SULFUR DIESEL TANK CERTIFICATE OF ANALYSIS



Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: 2087CereWLaD A‘ n/ VL s ,D

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = 0.81

Specific Gravity of product at ambient (room temperature) = 0.804 at 72.3°F (22.4°C)

SG at 60°F (15.5°C) = 0.8087 + 0.0001 = 0.8088

SG at ambient (72.3 °F/ 224 °C)=0.804

SG at 100°F (37.7°C) = 0.793

5G at 150°F (65.5°C) = 0.757

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

SG at 60°F (15.5°C) =

SG at ambient { °F/ °C) =

SG at 100°F (37.7°C) =

SG at 150°F (65.5°C) =

Comments
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Stepa n Tech Services:
' ‘ 1 (800) 745-STEP
1 (847) 446-7500

| CERTIFICATE OF ANALYSIS |

Lot No: 7276903
Date of Manufacture: 07-JAN-2008

Location: Elwood, IL
Phone No: 1 (815) 7274544
FAX No: 1 {815) 774-5393

STEPAN BIODIESEL SB-W
Specification: PD099 C OF A BIODIESEL

Issue: 3 (05-Jun-2007)
Component Limits Spc Result Units

070-C ACID VALUE 0.5 Max. IN 0.04 MG KCH/G
0220 WATER (%) 0.05 MAX IN 0.02 %

C14 + BELOW Record IN 0 %
103-G CARBON CHAIN DISTRIBUTION SEE BELOW IN SEE BELOW

C16 + C18 95 Min. IN 996 %
113-K FREE GLYCERINE ‘ 0.02 Max. IN 0.0001 %
113-K TOTAL GLYCERINE 0.24 Max. IN 0.0805 %
573D WATER AND SEDIMENT 0.05 Max. (By Volume) IN 0.01 %
114-8* FLASH POINT 130C Min. iIN  COMPLIES
000-0* SULFATED ASH 0.02% Max. IN COMPLIES
000-0* COPPER CORROSION 3 Max. IN COMPLIES
000-0" CETANE 47 Min. IN  COMPLIES
0000 SULFUR 0.05% Max. IN  COMPLIES
000-0* CARBON RESIDUE 0.05% Max. IN  COMPLIES
000-0* PHOSPHORUS 0.001% max. iIN  COMPLIES
000-0* DISTILLATION RANGE 360C Max. N  COMPLIES

%

THIS ANALYSIS IS NOT TO BE CONSTRUED AS A WARRANTY, EXPRESSED OR IMPLED. The preceding data is provided at the request of and for the convenience of the
customer and does not relieve he customer of its responsibility to verify data contained on tis report and o perform any other analysis nacessary lo determine suitability of the
product described above for the use intended by the customer,

DEDICATED TO CONTINUOUS IMPROVEMENT THROUGH SQC & SPC

Printed on  28-JAN-2008 12:12 PM Page 1 of1



‘Stepan

Tech Services:
1 (800) 745-STEP

1 (847) 446-7500

S

[ CERTIFICATE OF ANALYSIS __ (Repriny) |

Customer PO No: DON SCOTT Lot No: 7276903
Date of Manufacture: 07-JAN-2008
Certify Date: 08-JAN-2008

Order No: 10275634 Line: 00010 Load No: 411530

Quantity: 38 DR

Material Number: 10581375 Old SKU: PD09921

INTERSTATE OIL COMPANY Location: Elwood, IL

183 W MAIN ST Phone No: 1 (815) 727-4944

WOODLAND, CA. 95695 FAX No: 1 (815) 774-5393

PD0S9 STEPAN
5 (05-Jun-2007)

Snpecification:
Issue:

Component

STEPAN BIODIESEL SB-W

Limits

110-0 APPEARANCE

070-C ACID VALUE

022-0 WATER (%)

103-G CARBON CHAIN DISTRIBUTION
C14 + BELOW
C16+ C18

Clear liquid, FFM @ 25C
2.0 Max,

0.05 MAX.

SEE BELOW

Record

95 Min.

Spc_ Resuit Units
IN  PASSES ’
IN 004 MG KOH/G
IN  0.02 %
IN SEEBELOW
IN D %
IN 9886 %o

A7 i,

QWager

THIS ANALYSIS IS NOT TO BE CONSTRUED AS A WARRANTY, EXP!
the convenience of the customer and does not relieve the customer of its responsi
analysis necessary to determine suitability of the product described above for the use intended by the customer.

RESSED OR IMPLIED. The preceding data is provided at the request of and for
bility to verify data contained on this report and to perform any other

DEDICATED TO CONTINUOUS IMPROVEMENT THROUGH SQC & SPC

Printed on 23-JAN-2008 02:16 PM

Page: 1of 1



Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: SB-W Biodiesel

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = Not Provided

Specific Gravity of product at ambient (room temperature) = 0.882 at 70.9°F 21.6°C}

SG at 60°F (15.5°C) = 0.8856+ 0.0002 = 0.8858

SG at ambient ( 72.3 °F/ 224 °C)=0.882

SG at 100°F (37.7°C) = 0.868

SG at 150°F (65.5°C) = 0.734

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

SG at 60°F (15.5°C) =

SG at ambient ( °F/ °C) =

SG at 100°F (37.7°C) =

SG at 150°F {65.5°C) =

Comments




REG-9000 Biodiesel Product Line-Up

REG-9000-1 REG-9000-5 REG-9000-10
Cloud Point 0-2°C Cloud Point 4-6°C Cloud Point 8-12°C
{32-38°F) {39-43°F) (46-54°F)
Oxidation Stability 3-6 hr Oxidation Stability 5-8 hr Oxidation Stability 7-10 hr
Cetane 47-50 Cetane 50-53 Cetane 53-59
Test ASTM Limit REG-9000" Limit
Free Glycerin 0.020 %mass, max 0.014 % mass, max
metaI Glycerin 0.24 %mass, max B 0.16 %mass, max ‘g
Free Water & Sediment 0.05 %vol, max 0.02 %vol, max 4
‘ Acid Number | 0.5 mg KOH/g, max | 0.4 mg KOH/g, max E
Visual Inspection 2, max 1, max <
Relative Density @ 15 °C Report 0.85—0.90 g
Kinematic Viscosity @ 40 °C 1.9-6.0 ﬁﬂmzlsec 3.8 - 5.0 mm?/sec E
Sulfur: S 15 Grade 15 ppm, max E
- MO SO 0 DSOS 10 me, rmax 8
S 500 Grade 500 pprm, max -
Copper Strip Corrosion - No. 3, max No. 1, max I(B
Na and K, combined 5.0 ppm, max 1.5 ppm, max o
Ca and Mg, combined 5.0 ppm, max 1.0 ppm, max
_ Mon;:)gtycen(:—lés: Not required o 0.50 %mass, max h E %
Diglycerides Not required 0,20 %mass, max Y GEJ
Triglycerides Not required 0.15 %mass, max e
Moisture (Karl-Fischer) Not required 400 ppm, max g §
Cold Soak Filtration Time Not required __ 200sec e
Oxidation Stability” 3.0 hrs, min 3.0 hrs, min
[ cene | 47,min 0 47,min
Alcohol Control (A): Flashpoint 130°C, min 130°C, min
Alcohol Control {B): Methanol 0.2 %vol, max 0.2 %vol, max
| Phosphorous | 0.001 %mass, max  0.001 %mass, max
"Carbon Residue, 100% sample | 0.050 %mass, max |  0.050 %mass, max
T suifated Ash 0,020 %mass, max | 0.020 %mass, max
Distillation at 90% Recovered 360°C, max | 360°C, max

B0 * RFG can add antioxidant to meet any customer stability requirerment up to 10 hours.

www.regfuel.com




MREG 5000

BIODIESEL

Renewable Energy Group® is one of the nations leading biodiesel companies, having sold
approximately 25% of ail biodiesel utilized in the United States in 2007. REG has been in
the biodiesel business for more than a decace, and has more than 302 million gallons of
production capacity.

Biodiesel Production Capacity Supported by Natural Infrastructure:
« Current; The REG network includes nine biodiesel plants with 302 million gallons of
production capacity. This ensures that REG can be a reliable nationwide supplier tc its
customers on a year-round basis.

= [n Construction: The REG network has three biodiesel plants currently under
construction: Alberta, Canada; Emporia, Kansas; and New Crleans, Louisiana,

* REG-9000" biodiesel is marketed through existing petroleum infrastructure.

Redefining Quality:
» REG takes exceptional measures to ensure it produces and markets only the highest
quality biodiesel available for purchase in the market today.

» Every gallon of REG-3000" biodiesel soid by REG exceeds ASTM D6751 industry
specifications.

* REG is the only biodiesel company that markets a line-up of biodiesel products,
REG-90C0-1, REG-9000-5 and REG-9000-10. Each product has specific attributes
important to individual customers.

« REG is one of only 4 companies in the industry to have achieved BQ-9000 status as
Producers and Marketers.

o A Certificate of Analysis is provided for each lot of REG-9000™ biodiesel sold.

Sales & Marketing Resources:

* REG has both inside sales and outsida sales perscnnel that can assist you with
yaur biodiesel purchase. These sales representatives have extensive experience
marketing biodiesel with customers across the country and can address technical
issues you may have.

* REG sales reprasentatives have a strong working knowledge of federal and state
incentives that may be available for biodiesel in your local markets.

» REG markets biodiesel via rail and truck in all 48 continental states across the US.
You can purchase biodiesel via long-term contracts or on a spot basis. Please contact
REG at (888) REG-8686 to receive a price quote.

Call (866) REG-8686 or visit regfuel.com to learn more.

www.regfuel.com




¢ e | Commingled Production Lots Report | 4
S REG
L
FM.LB.20 Commingled Lot Report 20080422
Reference Number: B31-080422T3T4-5
Lot Numbers: { 31BD080417T003 31BD080410T004 Product Type: | REG-9000-5
Inlet Seal Numbers: | 2451252 2451260 Date Reported: | 22-April-2008

ASTM D 6751 Analysis of REG-9000™ Biodiesel

TestParamotsr | _Cotteabonfosdte AT TREC S0y, | TostMethod
Cloud point: 6 (42.8 °F ) |Report Reponrt °C D 2500
Free Glycerin: .003 007 10.020, max [0.014 % Mass D 6584
Total Glycerin: 139 086 ]0.240, max [0.160 % Mass D 6584
Monoglycerides’: 456 .258 [nla 0.50 % Mass 0 6584
Diglycerides? 100 .068 Inla 0.20 % Mass D 6584
Triglycerides®: .023 .018 In!a 0.15 % Mass D 6584
Water & Sediment: <0.010 <0.010 |0.050, max |0.020 % Volume |D 2709
Acid Number: 39 10 lo.50, max  [0.40 mg KOH/g |D 664
Visual Inspection: 1 1 2, max 1 Haze D 41786, procedure 2
Relative Density at 60°F: .8847 8765 n/a 0.85-090 nfa D1298
Oxidation Stabitity {110 °C): 6.14 8.87 3.0, min 3.0 hrs EN 14112
Flash point (closed cup): 119 146 93, min 93 °C D g3

Alcohol [Cption 1: Methanol A3 nfa J0.2, max 0.2 % Volume |EN 14110

Control |option 2: Flashpoint na "~ na [130,min  [130 °C D93
Moisture*: 013 016 Infa 0.040 % Volume  |E203
Cold Soak Filtration®: 86 115 360, max 200 seconds D 6217 Modified
Sulfur: <1.0 5.1 15 10 ppm D 5453
Sodium & Potassium Combined: <(.53" <0.2* 5, max 1.5 ppm (Hg/q)  |EN 14538
Calcium & Magnesium Combined: <Q.2* <0.2* {5, max 1.0 ppm (ug/g)  |EN 14538
Phosphorus: <0.0001* <0.0001* ]0.001, max |0.001 % Mass D 4951
Carbon Residue: <0.05* <0.05" I0.0SO, max }0.050 % Mass D 4530
Sulfated Ash: <0.005* <0.005* |0.020, max {0.020 % Mass D 874
Kinematic Viscosity at 40 °C: 4.088* 4.379* 1.9-6.0 38-50 mm?/sec. D 445
Copper Corrosion (3 hrs at 50 °C): 1a* 1a* INo.3 max [No. 1 n/a D130
Distitlation at 90% Recovered: 353 350* 360, max 360 °C D 1180
Cetane Number: 50.9* 59.4* 47, min 47 nfa D613

12345 These are not ASTM D 6751 nor BQ3000 specification requirements.

* This result is an average of the 3 previous results for this product from this plant. In accordance with BQ-3000 requirements, this test is performed periodically.
** This is an actual test.result for a representative blend of these two Iots, All other test results are from each lot's individual Certificate of Analysis.

Prepared by,_Marty Symmonds, Quality Assurance Manager; lowa Renewable Energy, LLC  22-April-2008

Please contact Inside Sales at Renewable Energy Group, Inc. at (888)734-8686 with any questions or comments about this product.




Material Safety Data Sheet

A product of Renewable Energy Group® Ly 5 Hfimc o f

NFPA 1 HMIS | PPE |L_Transport Symbol
issuing Date 28-Aug-2007 Revision Date Revision Number 0
Product Name Biodiesel (B100)
Product Code(s) CAS# 67784-80-9 / 73891-99-3/ 61788-61-2
Synonyms Biodiesel from soybean oil, B100, methyl soyate, soy methyl esters, rapeseed methyl esters
(RME), methyl tallowate, fatty acid methyl esters, fatty acid alkyl esters.
Recommended Use Fuel, Solvent, Cleaning agent.
Supplier Address
Renewable Energy Group, Inc.
416 S. Bell Ave.
Ames, 14 50010

TEL: 1-888-734-8686

Company Emergency Phone Number 1-800-633-8253

Emergency Telephone Number CHEMTREC: +1-703-527-3887 (INTERNATIONAL)
1-800-424-9300 (NORTH AMERICA)

[ 2.HAZARDS IDENTIFICATION

CAUTION!

Emergency Overview
May cause skin and eye irritation

Appearance Pale yellow to golden if Physical State Liquid Odor Mild
Lndyed

Page 1/7



WPS-REG-005 - Biodiesel (B100) Revision Date

-

Potential Health Effects

Principle Routes of Exposure Skin contact, Eye contact,
Acute Toxicity
Eyes May cause irritation.
Skin _ May cause irritation.
Inhalation Not an expected route of exposure. Inhalation of vapors in high concentration may cause
imitation of respiratory system.
fngestion Ingestion may cause stomach discomfort.
Chronic Effects No known effect.
Aggravated Medica! Conditions Skin disorders.
Environmental Hazard See Section 12 for additional Ecological Information.

Common Name Methyl esters.
Chemical Family Faity acid afkyl esters.
Formula R-COO-CHa
Chemical Name CAS-No Weight %
Soybean oil methyl esters 67784-80-9 0-100
Rape cil methyl esters 73891-99-3 0-100
Tallow methyl esters 61788-61-2 0-100

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Skin Contact Wash off immediately with soap and plenty of water,

Inhalation Move to fresh air.

Ingestion Clean mouth with water and afterwards drink plenty of water.

Notes to Physician Treat symptomatically.

Flammable Properties Combustible material: may bum but does not ignite readity.
Flash Point 130°C / 266°F

Method PMCC

Suitable Extinguishing Media Water spray, dry chemical, carbon dioxide (CO.), or foam.
Unsuitable Extinguishing Media Do not use a solid water stream as it may scatter and spread fire.

Hazardous Combustion Products Carbon monoxide, Carbon dioxide (COz), Nitrogen oxides (NOX), Hydrocarbons.

Explgsion Data
Sensitivity to mechanical impact None
Sensitivity to static discharge None

Page 2/7



WPS-REG-005 - Biodiesel (B100) Revision Date

Specific Hazards Arising from the Keep product and empty container away from heat and sources of ignition.
Chemical

Protective Equipment and Wear self-contained breathing apparatus and protective suit.

Precautions for Firefighters

NEPA Health Hazard 1 Flammability 1 Stability 0 Physical and Chemicat

Hazards -

HMIS Health Hazard 1 Flammability 1 Stability 0 Personal Precautions B

Personal Precautions Use personal protective equipment.

Methods for Containment Dike to collect large iiquid spills. Cover with dry sand/earth.

Methods for Cleaning Up Soak up with inert absorbent material. Take up mechanically and collect in suitable container
for disposal. Clean contaminated surface thoroughly. After cleaning, flush away traces with
water.

Other Information Refer to protective measures listed in Sections 7 and 8.

Handling Wear personal protective equipment. Avoid contact with skin and eyes.

Storage _Keep tightly closed in a dry and cool place.

Exposure Guidelines This product does not contain any hazardous materials with occupational exposure limits
established by the region specific regulatory bodies.
Engineering Measures Showers, eyewash stations, and ventilation systems.
Personal Protective Equipment
Eyef/Face Protection Safely glasses with side-shields.
Skin and Body Protection Protective gloves.
Respiratory Protection If exposure limits are exceeded or irritation is experienced, NIOSH/MSHA approved respiratory

protection should be wom. Positive-pressure supplied air respirators may be required for high
airborne contaminant concentrations. Respiratory protection must be provided in accordance
with current local regulations

Hygiene Measures Handle in accordance with good industrial hygiene and safety practice.
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Appearance

Odor Threshold

pH

Flash Point

Autoignition Temperature
Boiling Point/Range

Flammability Limits in Air

Specific Gravity
Solubility
Vapor Pressure
YOC Content

Pale yellow to golden if undyed

No informaticn available
Not applicable

130°C / 266°F

No information available

> 280°C / 536°F (at 1 atm)

No information available

0.87-0.83 @ 25°C
No information available
No data available

Not applicable

Odor

Physical State

Method
Decomposition Temperature
Melting Point/Range

Explosion Limits

Water Solubility
Evaporation Rate
Vapor Density
Viscosity

Mild

Liguid

PMCC
No information available
-1°C 1 30°F

No information available

Negligible
No information available
No data available

3.8-44 cst @ 40°C

Stability
Incompatible Products

Conditions to Avoid

Stable under recommended storage conditions.

Strong oxidizing agents. Strong reducing agents. Strong acids. Strong bases.

Heat, flames and sparks.

Hazardous Decomposition Products Carbon monoxide (CO). Carbon dioxide (CO:z). Nitrogen oxides (NOx). Hydrocarbons.

Hazardous Polymerization

Hazardous polymerization does not occur.

Acute Toxicify

Product Information
Irritation
LD50 Oral VALUE (mg/kg)

Chronic Toxicity

Chronic Toxicity

Target Organ Effects

17.4 g/kg {rat} estimated

No known effect.

Skin.
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Ecotoxicity

The environmental impact of this product has not been fully investigated.

Persistence and Degradability
Bioaccumulation/ Accumulation

Mobility

Product is biodegradable.
All components of this material will potentially bioaccumulate.

The product is insoluble and floats on water.

—

Waste Disposal Method

Contaminated Packaging

This material, as supplied, is not a hazardous waste according to Federal regulations (40 CFR
261). This material could becorne a hazardous waste if it is mixed with or otherwise comes in
contact with & hazardous waste, if chemical additions are made to this material, or if the
material is processed or otherwise altered. Consult 40 CFR 261 to determine whether the
altered materiat is a hazardous waste. Consult the appropriate state, regional, or local
regulations for additional requirements.

Dispose of in accordance with local reguiations.

/1M

Not regulated

Not regulated
Not regulated
Not regulated
Not regulated
Not regulated
Not regulated
Not regulated

Not regulated

:GULATORY INFORMATION

International Inventories
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TSCA Complies
DSL/NDSL Does not comply
EINECS/ELINCS Complies

ENCS Does not Comply
IECSC Does not Comply
KECL Does not Comply
PICCS Does not Comply
AICS Does not Comply
UI.S. Federal Regulations

SARA 313

Section 313 of Title Il of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372.

SARA 311/312 Hazard Categories

Acute Health Hazard No

Chronic Health Hazard No

Fire Hazard No

Sudden Release of Pressure Hazard No

Reactive Hazard No
Clean Water Act

This product does not contain any substances regulated as pollutants pursuant to the Clean Water Act (40 CFR 122.21 and 40 CFR
122.42).

CERCLA

This material, as supplied, does not contain any substances regufated as hazardous substances under the Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) (40 CFR 302) or the Superfund Amendments and Reauthorization
Act (SARA) {40 CFR 355). There may be specific reporting requirements at the local, regional, or state level pertaining to releases of
this material.

U.S. State Regulations

California Proposition 65
This product does not contain any Proposition 65 chemicals.

L).S. State Right-to-Know Regulations

This product does not contain any substances reguiated by state right-to-know regulations.
International Regulations

Mexico - Grade Minimum risk, Grade O

Canada '

This product has been ciassified in accordance with the hazard criteria of the Controlied Products Regulations (CPR) and the
MSDS contains all the information required by the CPR.

WHMIS Hazard Class
Non-controlled

Issuing Date 28-Aug-2007

Revision Date

Revision Note No information available
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Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: IRE T003 - T004

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = 0.87 - .88

Specific Gravity of product at ambient (room temperature) = 0.8740 at 71.4°F (21.9°C)

SG at 60°F (15.5°C) = 0.8780 + 0.0001 = 0.8781

SG at ambient (723 °F/ 224 °C)=0.8740

SG at 100°F (37.7°C) = 0.860

SG at 150°F {65.5°C) = 0.828

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at

°F

SG at 60°F (15.5°C) =

SG at ambient ( °F/ °C) =

SG at 100°F (37.7°C) =

SG at 150°F (65.5°C) =

Comments




{ £ Biodiesel Certificate of Analysis | 4
g “REG
FM LB.21 Biodiesel Certificate of Analysis (REG) 20080418.doc
Lot Number: 31BD080420T005 Product Type: REG-9000-10
Inlet Seal Number: 2451296 Date Reported: 29-April-2008
CFPP: 7°C
ASTM D 6751 Analysis of REG-9000™ Biodiesel
Test Parameter Result ?an.:::‘ RES ,: i(:DO Units (Iue:etn:drg\tf!;i%‘;}

Cloud point: 10 (60°F) Report Report °C D 2500
Free Glycerin: .006 0.020, max 0.014 % Mass D 6584
Total Glycerin: 090 0.240, max 0.160 % Mass D 6584
|Monoglycerides’: 0.253 in/a 0.50 % Mass D 6584
Diglyoen'desz: 0.078 Inla 0.20 % Mass D 6584
Triglycerides™: 0.062 nia 0.15 % Mass D 6584
Water & Sediment: <0.010 0.050, max 0.020 % Volume D 2709
Acid Number: 0.18 0.50, max 0.40 mg KOH/g D 664
Visual Inspection: 1 2, max 1 Haze D 4176, Procedure 2
|Relative Density at 60°F: 877 n/a 0.85-0.90 n/a D1298
[oxidation stability (110 °C): 7.23 3.0, min 3.0 hrs EN 14112
Flash point (closed cup): 128 93, min 83 *C D a3

Aleohol Option 1: Methanol 0.1 0.2, max 0.2 % Volume EN 14110

Control Option 2: Flash point  wa hme 0 e oc  |pes
[Moisture*: 016 nia 0.040 % Volume E203
Cold Soak Filtration®: 110 360, max 200 seconds D 6217 Modified
Sulfur: 7.0 15 10 ppm D 5453
Sodium & Potassium Combined: <Q0.2* 5, max 1.5 ppm (pg/g)  |EN 14538
Calcium & Magnesium Combined: <0.2* 5, max 1.0 ppm {pg/g)  |EN 14538
Phosphorus: <0.0001* 0.001, max 0.001 % Mass D 4951
JCarbon Residue: <0.05* 0.050, max 0.050 % Mass D 4530
Sulfated Ash: <0.005* 0.020, max 0.020 % Mass D 874
lKinematic Viscosity at 40 °C: 4.379* 1.9-6.0 3.8-50 mm?/sec. D 445
|Copper Corrosion (3 hrs at 50 °C): 1a* JNo. 3, max No. 1 nfa D 130
|Distillation at 90% Recovered: 350* 360, max 360 °C D 1180
Cetane Number: 59.4* 47, min 47 nfa D613

12345 Tpese are not ASTM D 6751 nor BQOOOD specification requirements.
* This result is an average of the 3 previous results for this product from this plant. In accordance with BQ-9000 requirements, this test is performed periodically.

Prepared by: Marty Symmonds, Quality Assurance Manager, Towa Renewable Energy, LLC _29-April-2008

Please contact Inside Sales at Renewable Energy Group, Inc. at {888)734-8686 with any questions or comments about this product.



Material Safety Data Sheet

S R

A ﬁtoduﬂ of Renewable Energy Group® bio diese I

NEPA | HMIS I PPE ||__ Transport Symbol

os i

1

1

Issuing Date 28-Aug-2007 Revision Date Revision Number 0
Product Name Biodiesel (B100)

Product Code(s) CAS# 67784-80-2 / 73891-99-3 / 61788-61-2

Synonyms Biodiesel from soybean oil, B100, methyl soyate, soy methyl esters, rapeseed methyl esters

(RME), methyl taliowate, fatty acid methyl esters, fatty acid alky! esters.
Recommended Use Fuet, Sotvent, Cleaning agent.

Supplier Address

Renewable Energy Group, Inc,
416 S. Bell Ave.

Ames, 1A 50010

TEL: 1-888-734-8686

Company Emergency Phone Number 1-800-633-8263

Emergency Telephone Number CHEMTREC: +1-703-527-3887 (INTERNATIONAL)
1-800-424-9300 (NORTH AMERICA)
. 2.HAZARDS IDENTIFICATION - - e )
ICAUTION!
Emergency Overview
May cause skin and eye irmtation
JAppearance Pale yellow to golden if Physical State Liquid Odor Mild
undyed
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WPS-REG-005 - Biodiesel (B100)

Revislon Date

~HAZARDS IDENTIFICATION

?o;gnggl Heéltﬁ Effects
Principle Routes of Exposure

Acute Toxicity
Eyes
Skin
Inhalation

Ingestion
Chronic Effects
Aggravated Medical Conditions

Environmental Hazard

Skin contact, Eye contact.

May cause irritation.

May cause irritation.

Not an expected route of exposure. Inhalation of vapors in high concentration may cause
irritation of respiratory system.

Ingestion may cause stomach discomfort.

No known effect.
Skin disorders.

See Section 12 for additional Ecological Information.

—

\FORMATION ON INGREDIENTS © = -

Common Name Methyl esters.
Chemical Family Fatty acid alky! esters.
Formula R-COO-CHs
Chemical Name CAS-No Weight %
Soybean oil methyl esters 67784-80-9 0-100
Rape oil methyl esters 73891-99-3 0-100
Tallow methyl esters 61788-61-2 0-100

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Skin Contact Wash off immediately with soap and plenty of water.

Inhalation Move to fresh air.

Ingestion Clean mouth with water and afterwards drink plenty of water.

Notes to Physician Treat symptomaticatly.

B -~ " B FIRE:FIGHTING MEASURES =

Flammable Properties

Flash Point

Method

Suitabie Extinguishing Media
Unsuitable Extinguishing Media
Hazardous Combustion Products

Explosion Data
Sensitivity to mechanical impact

Sensitivity to static discharge

Combustible material: may bum but does not ignite readily.

130°C / 266°F

PMCC

Water spray, dry chemical, carbon dioxide (CO2), or foam.

Do not use a solid water stream as it may scatter and spread fire.

Carbon monoxide, Carbon dioxide (CQz), Nitrogen oxides (NOx), Hydrocarbons.

None
None
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Specific Hazards Arising from the Keep product and empty container away from heat and sources of ignition.
Chemical

Protective Equipment and Wear self-contained breathing apparatus and protective suit.

Precautions for Firefighters

NEPA Health Hazard 1 Flammability 1 Stability 0 Physica! and Chemical
Hazards -

HMIS Health Hazard 1 Flammability 1 Stability 0 Personal Precautions B

Personal Precautions Use personal protective equipment.

Methods for Containment Dike to collect large liquid spills. Cover with dry sand/earth.

Methods for Cleaning Up Soak up with inert absorbent material. Take up mechanically and collect in suitable container
for disposat. Clean coniaminated surface thoroughly. After cieaning, flush away traces with
water.

Other Information Refer to proteciive measures listed in Sections 7 and 8.

Handling Wear personal protective equipment. Avoid contact with skin and eyes.

Storage Keep tightly closed in a dry and cool place.

Exposure Guidelines This product does not contain any hazardous materials with occupational exposure limits
established by the region specific regulatory bodies.
Engineering Measures Showers, eyewash stations, and ventilation systems.
P Pr e Equipm
EyelFace Protection Safety glasses with side-shields.
Skin and Body Protection Protective gloves.
Respiratory Protection If exposure limits are exceeded or irritation is experienced, NIOSHMSHA approved respiratory

protection shoufd be wom. Positive-pressure supplied air respirators may be reguired for high
airborne contaminant concentrations. Respiratory protection must be provided in accordance
with current local regulations

Hygiene Measures Handle in accordance with good industrial hygiene and safety practice.
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Revision Date

PHYSICAL AND G

HEMICAL PROPERTIES

Appearance

Odor Threshoid

pH

Flash Point

Autoignition Temperature
Bolling Point/Range

Flammability Limits in Air

Specific Gravity
Solubility
Vapor Pressure

VOC Content

Pale yellow to golden ifundyed Cdor

No information available
Not applicable

130°C / 266°F

No information available
>280°C / 536°F (at 1 atm)

No information available

0.87-0.88 @ 25°C
No information available
No data available

Not applicable

Physical State

Method

Decomposition Temperature

Melting Point/Range

Explosion Limits

Water Solubility
Evaporation Rate
Vapor Density
Viscosity

Miid

Liquid

PMCC
No information available
-1°C/ 30°F

No information available

Negligible
No information available
No data available

3944 cst @ 40°C

Stability
Incompatible Products

Conditions to Avoid

Stable under recommended storage conditions.

Strong oxidizing agents. Strong reducing agents. Strong acids. Strong bases.

Heat, flames and sparks.

Hazardous Decomposition Products Carbon monoxide (CO). Carbon dioxide {COz). Nitrogen oxides (NOx). Hydrocarbons.

Hazardous Polymerization

Hazardous polymerization does not occur.

ICOLOGI

Acute Toxicity

Product Information
Irritation
LD5G Oral VALUE (mg'kg)

Chronic Toxicity

Chronic Toxicity

Target Organ Effects

17.4 g/kg (rat) estimated

No known effect.

Skin.
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Ecotoxicity

The environmental impact of this product has not been fully investigated.

Persistence and Degradability Product is biodegradable.

Bicaccumulation/ Accumulation All components of this material will potentially bicaccumulate,
Mobility The product is inscluble and fioats on water.

L

Waste Disposal Method This material, as supplied, is not a hazardous waste according to Federal regulations (40 CFR
261). This material could become a hazardous waste if it is mixed with or otherwise comes in
contact with a hazardous waste, if chemical additions are made to this material, or if the
material is processed or otherwise altered. Consuit 40 CFR 261 to determine whether the
altered material is a hazardous waste. Consult the appropriate state, regional, or local
regulations for additional requirements.

Contaminated Packaging Dispose of in accordance with local regulations.

DOT Not regulated
DG Not regulated
MEX Not regulated
ICAC Not regulated
1ATA Not regulated
IMDG/IMO Not regulated
RID Not regulated
ADR Not regulated
ADN Not regulated
[ 15. REGULATORY INFORMATION _
International ri
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TSCA Complies

DSL/NDSL Does not comply
EINECS/ELINCS Complies

ENCS Does not Comply
IECSC Does not Comply
KECL Does not Comply
PICCS Does not Comply
AICS Does not Comply

U.S. Federal Regulations
SARA 313

Section 313 of Title Hl of the Superfund Amendments and Reauthorization Act of 1886 (SARA). This product does not contain any
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372.

SARA 311/312 Hazard Cateqories

Acute Heaith Hazard No

Chronic Health Hazard No

Fire Hazard No

Sudden Release of Pressure Hazard No

Reactive Hazard No
Clean Water Act

This product does not contain any substances regulated as pollutants pursuant to the Clean Water Act {40 CFR 12221 and 40 CFR
122.42).

CERCLA

This material, as supplied, does not contain any substances regulated as hazardous substances under the Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) (40 CFR 302) or the Superfund Amendments and Reauthorization
Act (SARA) (40 CFR 355). There may be specific reporting requirements at the local, regional, or state level pertaining to releases of
this material.

U.S. State Regqulations

California Proposition 65
This product does not contain any Proposition 65 chemicals.

U.S. State Right-to-Know Regulations

This product does not contain any substances regulated by state right-to-know regulations.
International Regulations

Mexico - Grade Minimum risk, Grade 0

Canada

This product has been classified in accordance with the hazard criteria of the Controfled Products Regulations (CPR) and the
MSDS contains all the information required by the CPR.

WHMIS Hazard Class
Non-controiled

.. 16 OTHER INFORMATION .. .~

Issuing Date 28-Aug-2007
Revision Date
Revision Note No information available
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Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No.

Company:

Trade Name: IRE T003 B100

Hydraulic Fluid Type: Diesel Fuel

Tested By: Don Peiffer

Date: May 9, 2008

Test Sheet of

Sample 1
Product Specification for the SG at 60°F/60°F = 0.877

Specific Gravity of product at ambient (room temperature) = 0.875 at 72.3°F {224°C)

SG at 60°F (15.5°C) = (.8793 + 0.0001 = 0.8794

SG at ambient (72.3 °F/ 224 °C)=0.875

SG at 100°F (37.7°C) = 0.861

SG at 150°F {65.5°C) = 0.828

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

SG at 60°F (15.5°C) =

SG at ambient ( °E/ °C) =

SG at 100°F (37.7°C) =

SG at 150°F (65.5°C) =

Comments




MATERIAL SAFETY DATA SHEET
PS 150

Page 1ot 4
Date Issued 18 March 2002

Compeny Detalls  PM Group International inc.
Name PO Box 101512 Emergency Phone Numbsr

Agidrans
Cape Coral, FL. 33010 General Assistance  239-274-0074

24 HOUR EMERGENCY ASSISTANCE
Chemtree 800-424-9300

1. Product and Company idantiflcation:

Trade / Commercisl Name ps 150

Chamical Name Alkanes,C10-C13, branched

Svnonvine SYNTHETIC HYOROGARBON,

UnNo Not Classified :

DOT Hazard Not Classified

SA Standard (SABS 0228) CLASS 3.4 | Hiph Flashpaint axceeding 81°C vp to 100°C )

Haxchem Code a[v]

NAERG GUIDE t28

Mossgas Material No, 50203

2. CAB NUMBER 642928-30-1

3. Hazards lKdentiication

Etre: Cambustible Liquid, Flammable when exposed o heat or fisme. Can react with cxidizing agents.

Vapours may form expiosive mixiures with sir. Vapours may trave! to sources of ignition and flash
- back. Vapours ame heavier than air and will spread along the ground and collect in iow or confined

preas. YBpour explosion hazard Indoors, ouidoors and in sewers. Run-off to sewer may creele

fire or expiosion hazerd, Containers mey explode when heatad, Liguid i3 tighter than weter,

. Combuation wil produce CO and other msphyxiants. . Fire could produce firitaling or poiscrious

“Yymvis, Ronoff from fire-comrol or dilution walisr toutd cause pollution,

iphaiation: Vapours and mists may cavse ritation of the nose and throat. Inhalation ausﬁs coughing,
dislrecs and rapidiy deveioping pu'monasry cadema. ft may aisc cause a buming sensation in the
chast, headache, navsea, weakness, rectiasenass, Inc-ondination, confusion, vomiting, disrtwa.

in poorly ventiisted areas or confined spacas, unconsclousness and asphyxiaton may resul.
Prolonged or overexposure may result in absorption of patentially hamful amounts of materasl.

$Skin contact Gontact could irritate or burm skin. Frolonged or repeated contact may cause intistion, de-fatting
: or even dermatits.

Eve contact: Eye writation. May cause buming sensation in ayes.

ngestion: Uquld initates stomach. Harmmful or fate! I swafiowad. May causs nausea, vomiing, cramping

Ceniral nervous systemn depression may aceur, ranging from anesthesis, coma and mmy
aTost, mmammmmmmmmmmm if aspirated, chamical

praumonia may ocour.

4. First Ald Measurue o S

Elrat Ald_Inhalation Move victim 1o fresh alr. l.oounnlﬁnladolhhb . 5it patient up if conacious. A qualified person
must administer oxygen H breathing s diffiouit. Bagin rescus brexthing If breathing has stopped.
BoglncPRHhuructlonmmppad Got medicai pttertion prompiy. .

Firgt Ald Skin Remove contaminated clothing. Wash sffecied srea with coplous amounts of water and sosp.
Apply molsturising cream i necessary.

Firgt Ald Evest Fiush eyes under nmning water for 16 minutes. Hoid both eyelids opan. Continue irigating.

_ Seak immediata madical attention.

Elmt Ald ingestion Do not induce vomiting, Do not give Nquids, Smali amounts which accidentally anter the mouth,

should ba rinsed out untll taste of kerozuns is gone. Seek immediate medica! sttention,
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MATERIA]L SAFETY DATA SHEET
PS 150

Page20f4
Date [ssued 18 March 2002

&. Fire Fighting Messures

Smelilres:
Lame Sres;

Dry chemical, CO2, water fog or alcohol fosm.

Water spray, Tog or alcohal foam is recommaendad. Move container from fire area ¥ you can do it
without riak. Cool containers that are axposad to flamas with water trom the side unti) well
afler the fire (& oul. Stay away from anda of tanks. For massive fire in cargo area, use
unmanned hose holder or monitor nozzies; if this is impossible, withdraw from area and let fire
burn. Withdraw immadistely In cass of rising sound from wveriting safety device or any
ciscolourntion of tank due fo fire. Keep unnecessary pecple away: isplate hazard ares and

deny antry. Stay upwind; keep out of iow aress, Sei-contained treathing apperatus (SCBA)Y
and structural firefighier's prote ctive clothing will provida limited protaction.

8. Aacidental Releass Maasures

Splils or Loaks:

7. Hanaung And Storage -

Contain (avold spiliage from antanng drains or water coursss) Restrict scosks to arsa. Provide
adequsate protective squipment and ventiation. Remove sources of heat and flame, Stay vpwing
and out of low areas. Coniaminated soil o be excaveted and transporied o s hazardous
metertais waste disposal site. Notify Envionmenial and Safety officials 10 ensure alf relevent
reporting and control methods are corplied with.

Efiminate all igniion sources. No smoking, flares, sparks or flames In Immediate area. All
squipment usad when handiing tha product, must be grounded. Do 1ot fouch or walk through
spiiled material, Stop leek H you can do so without risk, Prevent entry into water ways, sowers,
basements or confined aress. A vapour suppressing foam may be used 1o reduce vapours.
Absorb oF Covert with dry sarth, sand or other non-combustible matenal and transfer to containars.
Usa clean, non-sparking tools to collact absorbed material, VWater spray may reduce vapour; but it
mey not prevent ignition in closed spaces,

Take up with sand or cther inert material. Collect and daposit in seaed containers for disposal,
Dika far ahuad of tiquid spill for iater disposal.

Storage in the same room or space Is prohibited with the followkig cMeses:
Separation of at lasst 3 metres from Comosives is recormmended.

Fire separation of at least 5 metres or 4-hour fire resistant wall from the foliowing classes is
recommended:

Fammable Gases Flammable solids Poison

Spontenacusly Combustible Dangarous when wat

The spaces should be at least 10 metres apart from the following classes:
Explosives Polsonous Gases Radioactive
Crxidizing Agents Omganic Peroxides

Avold contact with strong axidizers, Stors in tighlly clasad, containers in a welkventiated area. .
Smoking, heat, sparks and open flames sre prohiblited in the stompe anes. Avbid prolonged
hm!aﬂond.ofmornpour. Avoki prolongad or rapeated contact with the skin, Wash thoroughly
after handiing.

4. Exposure Controis/Personal Protection
Occupetions! Exposure Limits 100 mgAs®

Controla

Stora In tighlly cdlosed contalners in a cool, dry place, mvay from sources of heat or ignition. Wear
appropriale personal protecive squipment when conditions wamrant. Do not get in syes. Do not
breathe vapours. Wash thoreughly afier handiing. immadiately remove and launder conlaminated
clothing before re-use. Have a safely shower/eye wash fountain readily avaltable in the Immediate
work area. ‘

The control measures appropriate for a particuler work site depend aa how this material s used
and extont of exposurs. The best protection is to enclose opemtions and/or provide local exhaust
ventiietion a1 the ske of chemica! relsase. Use a non-sparking, groundesd venBiation system
separate from other exhsust ventistion systems. Exhaust directly (o tha oufside. Supply
sufficlont replacemant alr to make up for air removed. Heve & safety showereye wash fountain
readily svailable in the immediats work area



MATERIAL SAFETY DATA SHEET

PS 150

Pagedof 4
Date Issued 18 Merch 2062

Pamonat Protection nmm;m“ﬂmmaanohmmthhmmt,Mwur
sultable personal protection squipment, including chemica! safety goggies & face shisid, boots,
imperious gloves, overals, & resplmatory protection.  Have appropriate equipment avaliable for use

In emergencies.

$. Physical & Chemical Proparties
Boiling Range °C ("F) 180 -230 {358.-448)
Fiash Point *C {*F) 82 (144)
Auto jgnition temperatre °C  ('F) 228 {442.4)
Relativa density (wster = 1) 0,77
Relative vapour density (sir = 1) 4.50
Vapour pressure in mm Hy & 20°C 0.48
Freazing point°C ") minus 45 (minus 49)
Physical siate and appaarance Water white hquid,
Flammabiiity Himits In air,-% by volume 0.7-50

PS150  1ls & water whits, olty Tiquii composed of a mixiure of C10-C13 brench chain
hydrocarbona, having a faint chereciaristic odour. insoluble in water. Miscibie with petroteum
solvents. Odour threshoki 1a 0.8 ppm. Taste threshokd in water is 0.1 mgiL.

10. Stability And Reactivity

Conditons to Avald Avold contact wih strong oxidizers, strong acids and alkelis.
Icompgiible Matetgle  Strong oxidizers, strong scids and aikalis.

11, Toxicologieal information

Routes of entry inhatation of vapour, ingestion, eye and skin contact.

Chronic sffecls on humans Not suspected to e a human carcinogen

Other Towdlc Effects Aggravates pre-existing madical disorders of the skin. aye, nefvous systam, TespitatoryipUimonary
on humans system,

12. Ecological iInformation
No information avaliabis,
13. Disposa) Consicernticns

Disposgl Method Broduet  Dispasal in sccordance with loce! legal provisions. Incinerate
14. Tranepart Information:

LN N Not Classified
Bazchem Codp Not Requinad
Hazard lgbal Not Required
NACRQ 128

MDG Code Not Claasified
MOG-Packaging Group  Not Listad
Marine golutant Not listed.
POT BAZARD Not Classified

Passanger instruction = 302 for passenger aircraft (80 Mres On Passenger)
Passenger (natruction = 310 for cargo aircrafl (220 litres on cargo aircraty

18. Regulatory information

1. EPA FIFRA 1088 PESTICIDE SUBJECT TO REGISTRATION OR RE-REGISTRATION
2, OEL-POLAND: MAC{TWA) 100 mpim3, MAC(STEL) 300 mg/im3, JAN1968

Risk Phisses Not Raquired
Sofsty Phrases 88  Keep container In a well-ventiated pliace



PS 150

Page 4 of 4
Date Isstaex) 18 March 2002
16.0Othyy information .

NIOSH DOCLIMENTS

1. Nstlonal Occupationa! Exposure Survey 1983 Hazard Code T17688; Number of Industries 321; Total Number of
Faclites 89584; Number of Occupations 1

88; Totad Number of Empicyees 1075728; Total Number of Femnale
Employees 96266 :

National Occupational Exposure Survey 1983: Hazard Code X6889; Number of Industries 1; Totsl Number of
Facifies 22; Number of Occupations 3; Total Number of Employses 760

2

The information contained herein has been prasanted In good faith and is 1o the best of PM Group International
Ine's true and accurate. it is provided for informational purposes only and without wartanty whatsoever. PM Group

International inc. does not accept responsibility or liability whatsoever which may result form the use of this
information. i in doutt, please contact PM Group International Inc.



- _ /27120 573
PM Group International Inc.
P.O. Box 101512

Cape Coral, FL 33910

Tel: 239-274-0274
Fax: 239-274-0074

PS 150

Properties Unks Test method Typical value Specification

Appedrance Visual ASTM D 4176 Clasar and brigt Pass
and fres of
suspended matter

Densiy @ 20°C kg ASTM D 4052 0.765 0.780 max
Color Saybott Saybon ASTM D 156 +30 * 30 min
Distilation range: ASTM D 1078

vitial bolling point C 194 18C min

Dry poim *C 218 220 max
Ftash point {PMce ) < ASTM D @3 84 &4 min
Aromatic content % m/m UOP 495 <0.508 0.05 max
Broming Intex mp Brii00g  ASTMD 2710 3 50 max
Total Sulphur pemi{m/m) ASTMD31200r <1 2 max

ASTM D5452

Anline point *C ASTM DG11 2] Report
Kinematic Viscosity @) 25 *C 8t ASTMD AAS 18 4.30 min
Water Content % v ABTM D 6304 0.003 001 max

The information contained hereln has been presentad in good faith and is to the best of PM Group International Inc. knowledge
trua and aceurate. It is providad for informationa! purposes only and without warraniy whatsoaver. PM Group intsmational Inc.
does not accept responaibility or fabiity whatsoaver which may result form the usa of theis information. Typicat data are provided
for Information only, and do not from part of guaranised specification.



Specific Gravity Reduction to 60°F

Specific Gravity Reduction to 60°F (ASTM D-1250 - Table 23)

PAR No. (MSRS: 080304)

Company: VOPAK Terminal

Trade Name: Petro SA

Hydraulic Fluid Type: Diesel Fuel

Tested By: Donald Peiffer

Date: Sept. 25, 2008

Test Sheet 1 of 1

Sample 1
Product Specification for the SG at 60°F/60°F = Unknown

Specific Gravity of product at ambient (room temperature) = 0.760 at 73.4°F (23.0°C)

SG at 60°F (15.5°C) = 0.7655 + 0.00016 = 0.7657

SG at ambient ( 73.4 °F/ 23.0 °C)=10.760

SG at 100°F (37.7°C) = 0.743

5G at 150°F (65.5°C) = 0.703

Sample 2
Product Specification for the SG at 60°F/60°F =

Specific Gravity of product at ambient (room temperature) = at °F

SG at 60°F {15.5°C) =

5G at ambient { °F/ °C) =

SG at 100°F (37.7°C) =

SG at 150°F (65.5°C) =

Comments




@ Engine Control

AZ Prifiers“" and Primulrs““

Diesel Oxidation Catalysts
yERIFIED prRODUCT

Mining

Earth-Moving

Construction

Heavy Industrial

Urban Buses

School Buses

Highway Trucks

AZ Purifiers and
Purimuffiers are now
vearified for 40% PM
reduction for on-road
vehiclas under US EPA
Verifications!

Today's Leading Technology for Tomorrow's Future




What

is a Diesel Oxidation Catalyst
What does it do?

Diesel Oxidation Catalyst, DOC, scrubber, purifier, cata-

lytic converter, etc. all refer to the same product. A

diesel oxidation catalyst is a coated substrate that when
exhaust passes through, converts harmful compounds

found in

Engine Control Systems designs and manufactures the
diesel oxidation catalyst in both a purifier, the AZ Purifier

exhasust into sale components.

and & muffler configuration, the AZ Purimuffler™,

The harmful elements of exhaust are both gaseous and

solid in form. There are also components of exhaust
that are not harmful. Balow is a list of the major harmfis!
components as well as the harmless components that
are invelved in the basic chemical reaction of exhaust

passing through an AZ Purifier or Purimuffler.

The solid elements include:
SOF: Soluble Organic Fraction (absorbed)

C: Carbon

The gasecus elements include:
CO: Carbon Monoxide
CO02: Carbon Digxide

02:Oxygen

THC: Total Hydrocarbons

The jiquid elements include:
H20:Water (as vapour)

Below listed are the major chemical reactions that occur
within the AZ Purifier and AZ Purimuffler to change haz-

AZ Chemistry

ardous exhaust into harmless carbon dioxide and water.

CO+0,
THC + O,
SOF + 0,
C+0,

2 CO, + H,0
e CO,+H,0
= CO, +H,0
= CO, + H,0 (<<10%)

Why use an AZ Purifier™ or Purimuffler™?

AZ Purifiars and Purimuffiers reduce the chance of carbon
monoxide build up in enclosed work environments. They aiso
reduce the diesel odor by reducing hydrocarbons and the soluble
organics of the emitted particulate. The high SOF exhaust wiil
result in higher TPM reductions and should decrease opacity. AZ
Purifiers and Purimuffiers can reduce the exposure to known
diesel toxins and reduce associated health risks.

AZ products work with aimost all fuel types. The catatyst will
work best on lower sulfur fuels {less than 50ppm sulfur) but will
also tolerate higher fuel sulfur contents (between 50 ad 500ppm
sulfur). AZ products can aiso be used with biodiesel as well as
emuisified diesel fuels.

Engine Control Systems AZ Product Line

Engine Control Systems AZ products consist of a Coming LFA
300 cell ceramic monolith coated with an advanced precicus
metal based catalyst and packaged into a stainiess steel hous-
ing. The AZ family of products oxidize carbon monoxide (CO)
and hydrocarbons (HC) to form harmless carbon dioxide and
water (sea chemical reactions 1o the ieft of the page). Engine
Control Systems AZ products will also reduce the total particu-
tate emissions by typically 25%-40% by oxidizing the soluble or-
ganic fraction of the particulate.

The AZ catalyst offers a unique zeolite containing washcoat
that allows for the adsorption of PM at lower exhaust tempera-
ures untll sufficient temperature for oxidation is achieved. The
superior low temperature perfformance of the AZ catalyst is ben-
eficial in applications where installation 2 to 8 feet from the
engine is required. Temperaiures as low as 2150C are required
for chemical reactivity.

AZ products do not increase toxic NOX. Unwanted chemical
reactions are prevented by catalyst and washcoat formulation
¢ h e m i s t r ¥

ECS Crankcase Ventilation Filter System™

The ECS CCV Crankcase ventilation Filter Systems offer an
effective solution to reduce crankcase emissions. The Racor
CCV system removes crankcase emissions, providing protection
for your engine and the environment. Keeps engine compart-
ments and components clean. Prevents clogging of engine in-
takes, turbochargers and intercoolers
- tmproves  relisbility and of diesel engines
- More efficient than other products available on the market
- Reduces environmental poliution from crankcase emissions
- "Green" element is completely bumabie and crushable
- Reduces smoke and odor in the immediate environment
Instalied as original equipment by manufacturers worldwide

4



AZ Heavy Duty Purifiers™

AZ Heavy Duty Purifiers consist of a removable catalyst center
body and separate inlet and outlet cones to allow easy inccrpora-
tion into a variety of exhaust pipe sizes. They are combined using
machined flanges and sealing gaskets held together with guick re-
lease v-band clamps.

The AZ Heavy Duty Purifier is ideal in applications where cata-
lyst removal is required to allow vehicle or engine maintenance,
as well as engine-out smoke measurements.

Urban buses
School buses
Highway trucks

The AZ Purifier s also ideal for applications where there is insuf-
ficlent room for the instaliation of an integrated converter muffler.
The AZ HD Purifier can aiso be combined with DMS and DMXS-II
add-on silencers (see catalog).

AZ Heavy Duty Purimufflers™

Often purifiers cannot be used due to spacs restrictions or ex-
haust backpressure limitations. For these applications, Engine
Control Systems offers a wide variety of integrated catalytic muf-
flers. AZ Heavy Duty Purimuffers offer extremely rugged con-
struction with equivaleni or bettar noise attenuation and low ex-
haust backpressure,

Severe Duty AZ Purifiers and Purimufflers

Often Heavy Duty is not encugh, Severe Duly AZ Purifiers and
Severe Duty AZ Purimuffier designs are ideai for demanding appli-
cations in:

Mining and tunneling

Earth moving and construclion

Power generation and heavy industrial applications

The Severe Duty AZ family integrates the AZ catalyst into an in-
suiated deuble wall, heavy 14 and 18 gauge, 304 series stainless
steel design. The Purimuffler option combines these features with
catalytic muffler that affords 12-15 dB{A) sound attenuation and
jow exhaust backpressures (typically less than 20 of water).

The insutated skin serves to maximize catalyst performance
while reducing external skin temperatures. This results in reduced
heat radiation which can be beneficial on equipment with elec-
tronically controlled engines, hydraulic lines, or operators and
other workers in close proximity. AZ Severe Duty Purifiers and
Purimuffiers are available with slip fit or flanged inlet / outlets.

Why Choose the ECS AZ Product Family?

Demanding applications require products that out-
perform general aftermarket grade diesel purifiers.
The A2 product family provides superior emissions
control and sound attenuation with lower exhaust
restriction over the broadest range of diesel engine
applications.

Qur products are tested and retested in our in-
house testing facility as well as at outside testing
labs. Our list of verifications, approvals, and certifi-
cations is always growing. Taik to your customer
service representative for details.

The varying quality of exhaust aftertreatment
products in the marketplace is influenced by numer-
ous factors:

Catalyst technology
Dasign and manufacturing process,
Facilities and people.

Engine Control Systems products are designed o
offer ease of installation, peak performance, iong
lifa, and a proven service history. Each product is
manufactured in an ISO 9001 approved faciiity.

Engine Control Systems products have been
proven over the last 20 years in the most severe
conditions, including underground and open pit
mining, tunneling, stationary power generation,
urban and school bus routes as well as other indus-
trial applications. Our products help ta ansure air
quality, productivity, and more imporiantly, heafth
and safety.

AZ Performance

AZ Purimuffier

i Crankcase

EPA Verified Results OtherDOC | Other DOC Other DPF
plus crankcase

PM Reduction 25-33% | 20-26% 60%

Cost without $1700 $1000 $7000

installation**

Cost per % PM $58.62 $43.48 $116.67

Reduction

“Not yet verified

= Actual costs will vary depending on unit configuration and sizing




CUSTOMER SERVICE LINES
North America

Canada and Eastern USA
Tel: 1-800-681-9963

Tel: 905-707-7746

Fax: 905-707-7688

Wastern USA
Tel: 1-800-331-9247
Fax: 1-775-827-1670

LOCATICNS
Canada

Engine Controi Systems Limited
(WORLD HEADQUARTERS)
83 Commerce Valley Drive East
Thomhill, Ontario, L3T 773

USA

Engine Control Systems Lid.
4910 Longley Lane, Suite 103
Reno, Navada, 89502
1-775-827-3400

Europe

Engine Control Systems Europe AB
(EUROPEAN HEADQUARTERS)
Box 9015, Agnesfridsvagen, 184
SE-200 38 Maimd, Sweden

Tel: +48 (40) 870 1550

Fax: +48 (40) 210 335

WEBSITES
www.enginecontrolsystems.com
www.uhikat.se

EMAIL
ecs@enginecontroisystems.com
ecseuropedenginecontrolsystems.com

M21.0025 OCTOBER 2008
PRINTED iN CANADA

¥ Engine Control Systems

AZ DOC’s are a Verified Emissions
Reduction Technology

v Verified by the California Air Resources Board
v Level 1 PM reduction for off-road
v Level 1 PM reduction for specific on-road vehicles
v Level 2 PM reduction for off-road vehicles using
PuniNOx fuel
v Verified under US EPA urban bus retrofit/rebuild program
v Certified by the US EPA Voluntary Retrofit program for
two stroke and four stoke diesel engines.
v Verified by the US EPA for 40% PM reduction for specific
on-road engines
v Certified by the Sweden Environmental Zones program
v Approved under the UK Energy Saving Trust
TransportEnergy CleanUp Programme

Distributed by:




u.s. Department of Labor Mine Safety and Health Administration
Industrial Park Road

RR1, Box 251
Triadelphia, West Virginia 26059

FINAL REPORT

Appendix B:

Isuzu 4JG1T-MA Historic Baseline Data
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Isuzu 4JG1T Engine

Historical Data for Engine Baseline between 8/05 and 8/08
Test Fuel: D-2 LSD (not same batch for all tests)

Engine Power, HP Test Modes
Test# Test Dates 1 2 3 4 5 6 7 8
1 B/4/2005 83.1 62.4 415 103 71.0 5§3.0 356 1.7
2 8/9/2005 81.0 81.0 40.4 10.1 70.5 532 35.6 1.7
3 9/14/2005 81.5 80.9 40.9 9.7 70.9 53.0 356 1.7
4 9/5/2006 834 62.3 417 9.5 7.2 563.4 35.6 1.8
5  9/6/2008 83.8 62.8 415 9.5 71.3 53.4 356 0.9
&  8/20/2008 84.2 84.3 42.9 9.5 72.0 54.0 35.9 1.5
Average 1-5 826 61.9 41.2 9.8 71.0 53.2 356 16
St, Dev 1-5 1.246 0.876 0520 0.360 0.323 0.195 0.020  0.348
+1 Dev 838 62.8 41.7 10.2 71.3 53.4 35.6 19
-1 Dev 81.3 61.0 0.7 9.5 70.7 53.0 35.6 1.2
Max 1-5 83.3 62.8 417 10.3 73 53.4 356 18
Min 1-5 81.0 0.9 40.4 9.5 76.5 53.0 35.6 0.9
Engine Power Variation Isuzu 4JG1T
85.0 _}&
80.0 \\
75.0 \\
70.0 \\
55.0 \\ / X
50.0
: \ / \
% 40.0
; \
350 \ /
\ \
\ \
15.0 \
100 V X
5.0 L
0.0 . , ; , ‘ . !
1 2 3 4 5 8 7 8
Test Mode
—e—Average = +1Dev = -1Dev —%—New Data 8!20!08]




Isuzu 4JG1T Engine

Historical Data for Engine Baseline between 8/05 and 8/08
Test Fuel: D-2 L SD {not same batch for all tests)

Engine Fuel, Ib/hr Test Modes

Test # Test Dates 1 2 3 4 5 6 7 8
1 8/4/2005 341 254 17.3 7.5 282 19.0 12.8 1.6
2 9/9/2005 334 250 17.1 76 258 184 12.9 1.5
3 9/14/2005 33.8 25.1 17.2 7.3 26.4 19.2 13.1 1.2
4 9/5/2006 353 247 17.0 79 264 18.9 12,3 2.0
5 9/6/2006 34.4 256 17.6 7.3 26.1 19.2 12.8 1.5
5] 8/20/2008 33.6 256 17.5 7.4 25.7 18.9 12.7 14
Average 1-5§ 34.2 251 17.2 75 26.2 19.1 12.8 1.5
St, Dev 1-§ 0.722 0.367 0.237 0.234 0.239 0.154 0.301 0.294
+1 Dev 349 255 17.5 78 26.4 19.2 131 1.8
-1 Dev 335 248 17.0 7.3 26.0 18.9 12,5 1.3
Max 1-5 353 256 17.6 79 26.4 19.2 131 20
Min 1-5 334 247 17.0 7.3 25.8 18.9 12.3 1.2

- Engine Fuel Variation Isuzu 4JG1T

356.0

30.0

250 R

200

Fuel, Ibfhr

15.0

10.0

50

0.0

1 2 3 4 5 6 7 8
Test Mode
—e—Average = +1Dev = -1Dev —%— New Data 8/20/08




isuzu 4JG1T Engine
Historical Data for Engine Baseline be n 8/05 and 8/03
Test Fuel: D-2 LSD {not same batch for all tests)

7
4.2
5.1
4.8
4.8
5.1
4.7
4.8

0.372
5.2
4.4
51
42

8 Weighted Average

DPM Emissions, g/hr Test Modes
Test# Test Dates 1 2 3 4 5 ]
1 B8/4/2005 13.5 13.6 8.9 6.8 13.5 7.1
2 9/9/2005 16.8 13.6 9.1 7.3 1.7 7.4
3 9/14/2005 13.9 13.7 9.8 8.0 11.2 7.3
4 9/5/2008 14.8 14.3 11.0 a9 12.5 7.2
5 9/8/2006 13.5 13.8 10.8 8.8 11.8 8.0
6  8/20/2008 15.2 14.3 9.2 7.4 119 7.4
Average 1-5 14.5 13.8 9.9 8.0 12.2 7.4
$t, Dev 1-5 1.333 0.308 0.960 0.908 0.862 0.366
+1 Dev 15.8 14.1 10.9 8.9 13.0 7.8
-1 Dev 131 13.5 9.0 7.1 1.3 7.0
Max 1-5 16.6 14.3 11.0 8.9 13.5 8.0
Min 1-5 13.5 13.6 8.9 6.8 11.2 7.1
Engine DPM Variation Isuzu 4JG1T
16.0
L
>\1
q
140
12.0
10.0
1
£
o
= 8.0
o
(]
8.0
40
20
0.0 T ‘ T T r .
1 2 3 4 5 8 7
Test Mode
—e—Average =— +1Dev = -1 Dev - New Data 8/20/08

8638
9.144
£8.835
9.47
9.211
9.031
8.1
0.292
9.3
8.8
9.5
8.6



Isuzu 4JG1T Engine

Historical Data for Engine Baseline between 8/05 and 8/08
Teast Fusl: D-2 LSD {not same batch for all tests)
€02 Emissions, % Test Modes
Test# Test Dates 1 2 3 4 5 6 7 8
1 8/4/2005 8.0 6.7 5.3 29 10.0 8.3 6.4 1.9
2 9/9/2005 7.6 6.4 5.1 2.8 9.7 8.2 6.3 1.9
3 9/14/2005 7.6 6.4 5.1 27 9.7 8.1 6.2 1.9
4 9/5/2006 8.1 6.7 53 2.8 10.0 8.3 6.3 1.9
5 962008 8.1 6.8 54 28 10.0 8.3 6.4 1.7
<] 8/20/2008 7.7 65 52 2.7 9.7 8.1 8.3 18
Average 1-5 7.9 6.6 52 28 9.9 8.3 6.3 1.8
St, Dev 1-5 0.258 0.201 0.130 0.047 0.178 0.106 0.047 0.098
+1 Dev 8.1 6.8 5.4 28 101 8.4 6.4 1.9
-1 Dev 7.6 6.4 51 2.7 9.7 8.1 6.3 17
Max 1-5 8.1 6.8 54 29 10.0 B3 64 1.9
Min 1-5 786 6.4 51 27 97 8.1 6.2 1.7
Engine CO2 Variation Isuzu 4JG1T
1.0
10.0 —
9.0
80T
7.0
& 6.0
%
3
5.0
4.0
3.0 *
2.0
1.0
0-0 T T T T T
1 2 3 4 5 7
Test Mode
—e—Average — +1Dev — -1Dev —%—New Data 8/20/08




Isuzu 4JG1T Engine

Historical Data for Engine Baseline between 8/05 and 8/08
Test Fuel: D-2 LSD {not same batch for all tests)

CO Emissions, ppm Test Modes
Test # Test Dates 1 2 3 4 5 6 7 8
1 B/4/2005 141.4 106.0 89.9 202.0 179.5 90.1 82.3 1348
2 8/9/2005 120.3 9286 81.2 2276 130.9 81.9 784 151.5
3 9/14/2005 136.5 105.0 89.0 219.5 1313 91.5 81.7 149.8
4 9/5/2006 169.7 116.3 102.5 213.2 174.4 98.3 90.0 128.3
5 9/6/2006 160.3 114.8 98.0 2071 179.2 101.1 90.0 117.0
6  8/20/2008 132.7 96.2 78.2 234.8 125.6 757 73.7 142.3
Average 1-5 145.6 106.9 921 2139 159.1 92.6 84.5 136.3
St, Dev 1-5 19.633 9.469 8.332 10.065 25.610 7.501 5.246 14.609
+1 Dev 165.3 116.4 100.4 224.0 184.7 100.1 89.8 150.9
-1 Dev 126.0 97.5 83.8 203.8 133.5 85.1 79.3 121.7
Max 1-5 169.7 116.3 102.5 2276 179.5 101.1 90.0 151.5
Min 1-5 120.3 926 81.2 202.0 130.9 81.9 78.4 117.0
Engine CO Variation Isuzu 4JG1T
250.0
225.0 R
200.0 A\
175.0 ;
1 \ |
E
150.0 y :
g. >\
2 125.0
o]
18]
~ L
75.0
E
50.0
25.0
0.0 ‘ ‘
1 4 5
Test Mode
Fe—Average = +1Dev =— -1Dev -%-New Data §/20/08




Isuzyu 4JG1T Engine
Historical Data for Engine Basgeline between 8/05 and 8/08

Test Fuel: D-2 LSD {not same batch for all tests)

NO Emissions, ppm Test Modes
Test # Test Dates 1 2 3 4 5 6 7 8
1 8/4/2005 619.4 4536 3316 103.4 948.5 779.8 558.5 162.8
2 9912005 582.1 4329 305.1 89.2 888.2 744.2 531.1 163.1
3 9/M14/2005 580.4 430.1 303.5 89.0 904.2 748.0 526.8 148.9
4 Y/5/2006 801.7 448.6 327.4 85.7 947.5 776.5 539.3 165.0
5 9/6/2006 6137 457.5 329.4 94.9 940.0 775.8 557.5 136.1
6  8/20/2008 628.9 4748 3457 1132 947.5 769.6 560.7 176.1
Average 1-5 599.5 444.5 319.4 94.4 925.7 764.9 542.6 153.2
St, Dev 1-5 17.814 12388 13.853 5909  27.681  17.227 14723  11.847
+1 Dev 617.3 456.9 333.3 100.3 953.4 782.1 §57.3 164.8
-1 Dev 581.6 432.1 305.5 88.5 898.0 747.6 527.9 141.5
Max 1-5 619.4 4575 3316 103.4 948.5 779.8 558.5 185.0
Min 1-5 580.4 430.1 303.5 89.0 888.2 744.2 526.8 136.1
Engine NO Variation Isuzu 4JG1T
1000.0
950.0
900.0 \\\
850.0 \\
800.0 I \g
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700.0 I \
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lsuzu 4JG1T Engine
Historical Data for Engine Baseline between 8/ nd 8/08

Test Fuel: D-2 LSD (not same batch for all tests)

NO2 Emissions, ppm Test Mades
Test # Test Dates 1 2 3 4 5 6 7 8
1 8/4/2005 323 29.0 32.0 31.5 25.4 328 42.0 46.5
2 9/9/2005 43.4 39.2 40.7 39.5 60.6 50.1 55.7 51.3
3 9/14/2005 456 334 36.8 31.2 7.8 48.1 49.6 498
4 9/5/2006 43.5 329 328 29.4 27.4 57.5 59.6 43.0
5 9/6/2006 38.8 321 30.7 33.9 36.1 49.5 49.1 38.7
6 8/20/2008 289 28.4 2686 18.9 397 41.5 29.2 27.3
Average 1-§ 40.7 333 346 331 31.5 47.2 51.2 45.8
$t, Dev 1-5 5.338 3.706 4.116 3.894 19.255 9.050 6.732 5.071
+1 Dev 46.0 37.0 38.7 37.0 50.7 56.2 57.9 50.9
-1 Dev 35.4 296 30.5 292 12.2 38.1 44.5 40.8
Max 1-5 456 39.2 407 38.5 80.6 57.5 586 51.3
Min 1-5 323 29.0 30.7 29.4 7.8 32.8 42.0 38y

Engine NO2 Variation Isuzu 4JG1T
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FUEL TESTING on Isuzu 4JG1T Diesel Engine

Gravimetric DPM Welghted Average Data

MSHA ACC DIESEL LAB

Fuel No. [FUEL Bare Engine DPM Engine +DOC DPM
(gtr) {g/hr) % change wi DQC |% change from LSD-Bare
1/20G5 spec LSD Certified 9.03 10.84 20.0 20.0
212007 sgec ULSD Certified 8.02 7.5 -16.9 -16.9
% change fromLSD -01 -30.8
3|Righway ULSD_ __ 7.31 8.74 19.6 3.2
% change fromLSD -19.0 -19.4
4|Stepan SB-W biodiesel 8.47 4.38 -48.3 -51.5
% change fromLSD -6.2 -59.6
5|IRE REG-9000-10 biodiesel 8.62 4.87 43.5 -48.1
% change fromLSD -45 -55.1
6|IRE REG-2000-5 biodiesel §.21 4,73 42.4 -47.6
% change fromLS -9.4 -56.4
7|B50 Mix* 7.78 5.69 -26.9 -37.0
% change fromLSD -13.8 -47.5
B|PetroSA Fischer-Tropsch synthetic 6.33 6.06 -4.3 -32.9]
% change fromiSD -29.9 441 '

*B50; 50/50 Mix of Stepan $B-W and Highway ULSD

DPM {GRAV)

FUEL-TESTING-SUMMARY-2.xls



MSHA ACC DIESEL LAB

Fuel Tests Gravimetric DPM Emissions

12

Weighted Average DPM (g/hr)

2005 spec 2007 spec Highway Stepan SB- IRE REG- IRE REG- B50 Mix* PetroSA
LSD Certified ULSD ULSD w 9000-10 9000-5 Fischer-
Certified Tropsch

Fuel

B Bare Engine BEngine + DOC

DPM {GRAV) Chart 1 FUEL-TESTING-SUMMARY-2.xls



S-1: changing fuels on Bare Engines
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S-2: Adding a DOC a Bare Engine burning Various Fuels
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$-3: changing fuels on DOC Equipped Engines

yosdou |
-13Yosi4
VvSolled

XA 064

G-0006
-O34 3|

01-0006
-O3y 3l

M
-g9S uedag

asin
Aemybiy

paylied
asn
sads 00z

=

Fuel

_

!
-
~

|

| [
©C © O O 9O 9 9
= 9% T % 9

W@ sH3dwiAels ul abuey) 9




S-4: changing fuels and adding DOCs to bare engine running LSD
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Summary of Changes In Yotal Carbon Emissions of Engines using Various Fuels With and Without a DOC
Bass Fual {or Comparison 2005 spac Certified Low Suffer Diesel (LSO fuel

Weighted
Test Mode TC Bk TC m3 Weighied] Average
Fusls 1 2 3 4 5 B 7 B| Avyerage]% Difference
2005 spec LSD Cartified Bate aa085! 3eess| oooss| zymzel asome| asrse| 2svon| 2ol 2eezeas
with DOC 220371 36377| 27320 22924 38857, 3o156| 19604 27910 2616285
% change in fusl with DUC 50 08l 51 -201] 135 47f 20| 660 -11.7}
2007 spec ULSD Certified  |Bare 36002} 407°2| 2osez| 27438| 44672, 31874 27058 9002 30385.2
%rhenge from LSD 59 114 o7 12 26 5B 48 3 2.§)
with D0OC 28078. 24585 26754| 1B563| 45600 3zopo| 21312  314r 25877, I
% changa in faelwin DOG| 1971 451|  a7| -a2sl aa| 07| 212 &5 RV |
% chengefrom LSD-DOG| 85| 49| 31 -165] 188 032 a7l 173 1.
%ehangefrom LSD-BARE| t50] 57| 60| 333 11 48] are] saer 12.7]
Highway ULSD Bare 33250] 38890| 26770| 30sas| 52010 ai1e:| 18223| 7777 28e90.08
%change from LSD 24 joF) B.0 5.8 14 B .76l -234] -10B; 2.2
with DG 52651| a260!| 20814| w0752] 45774 26754] 1eSea|  azsa. zmamia -i
% change In fual with DOC A2t A1 38| 301 1asl 14z ig] SR -12.3
% chansefrom LSD-DOC| 28| -107] -55 56 148 -168] 54 324 2
%changefrom LEQ-BARE|  36] 413 113 -osal o7 207 26| 570 14‘_1
Stepan SB-W Bare 26005] 33370| 280968| 72862| 33070 20132) 25558| 12564]  25908.85 =
biodiasal S%ehangafromLSD|  -237]  Bo; o4l 175 282) 226 06| 440 12,6
with DOS 15427| 1RS48 14550] 11509| 26857 18808| 13008] 4244 14832.6
% change hfuel withDOG | 407|  44al  497| g5 -224] 83 487 £62 43, B4
% changefrom LSD-DOC| 518 450|487 -a82| 356 474 -332| 521 i
Y% changafrom LSD-BARE| a7l apal sopl sasl 43] <ge g3l e -50.81
IRE REG-9000-10 Barg 264007 329131 26780 23195] 31958) 27819, 25107 142601  25B67.66
| biodiesel hchange fom LSD| 225 -woz|_ 80| ez 807 a7e| 27|  8as 2.7
with DOC 17255) 20580| 14074 10906| 22640| 15881| 11428) 417 14489.4
shohange nfuslwith DOC|  —346] 374] 474 s3n| 292 495 545 -2 -44.1
%changedrom LSO-DOG| -4 434 48s| 509 432 s06 417 472 44,61
%chpnge from LSD-BARE | 494] se3al .61el soal soal sos) 857 Ao 51,1
IRE REG-9000-5 Bare 27204, 35086, 26663 24302| 28546] 25060| 25355 13866,  25751.08
biodiesel tchangefrom LGD|  z02]| 43 B7| 27| as4l .aspl 17| sao -13.9
with DOC s6762| 19392° 15571| 12384| 243650 14892] 12383 4179 14785
% change nfuelwtn DOC|  384]  #a7, 414] 490] 148 410} 512 69| -42.6)
%charge fromLSD-DOG| 477l 467l 430 wa3[ amel 53| e8] a7 -42.5|
% o from LSD-BARE| fo8l 471" ags| ass| avi] szl apal 52 -50.1
IB50 Mix* Bare 26470) 28770| 23274 23259) 31045y 2e225| 22281 11163 238324
%change from L8| 223|215 -70d| 164 328! 18e| -1as| 28] -19.2)
with DOG 20910 25130| 15138| 12583] 26947) 19245] 11487| 3p08]  1esd7.8
%chanyenfuslwah DOC| 210! 127! -307| e18] -132{ 318] 484 705
% change rom LSD-DOC | 347|309, 408, 988| 324) 403 414 183
% change from LSD-BARE| 387! 314! 448] 512 415 43pf -555| 622
P Fischer-Jsopsch |Bare 32783) 272220 17336 15926| 31302 21000| 14081 4437 208576
symihetic Wehangefrom LSD| 28] 25 q_ s11] pml  api| 351 4sal 491
with DOC 31094! 25019, 15380 16023 227ra| 23006 126  2778)  19734.05
% chanpe infuslwth DOG| 62| a8 {0z  oel 47 51| s &
% changs fram LSD-DQC 24 -peyl 447 -a/@ 1.8 205 348 0
% hangs fom LSD-BARE | B8l  gva| 79 42.4-| 283 318 Boal BA2
*B50; 5/50 Mo of Slepan SB-W and Highway ULSD
Gravimetric or YC OPM Emissinn Change Scapanios
5-1 Bare Engine, chanymg fuels only
52 Adding DOT tg an Engine Already Buming a Particular Fus!
§3 Chenging Fuals on DOC Equipped Engines praviously running LSD
54 Changing Fuals and Adding DOC to Bare engines previalsly running LSO

SUMMARY TC Changes

FUEL-TESTING-SUMMARY-2.zi2



S-1 Average TC change by changing fuels on Bare Engines
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S-2 Average TC change by adding a DOC to an Engine already
burning a Particular Fuel
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S-3 Average TC change by changing fuels on DOC Equipped
Engines Previously running LSD
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S-4 Average TC change by changing fuels and adding a DOC on

Previously Previsously Bare Engines running LSD
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EUEL TESTING on isuzu 4JG1T Diessl Englne
EC/OC Carbon DPM Data for Bave Englne

MSHA ACC DIESEL LAB

*BE0. 50/50 Mix of Stepan SB-W and Highway ULSD

ENGINE DPM (ECQOC)

e
Bzre Engine Test Test Mode ! Weighted
Fuel No. FUEL 1 2 3 4 5 8 7 8 [ weighted!Average
[ug‘mS: fugim3:  [(ug/m3)  [fugimd) -lugm3)  |fugim3d)  |fugim3) _'I;Jgr‘ma) Average %DHferance
112005 spec LSD Certified EC 22617 25554 | 18BB7 | 14111 | 32748 | 24076 | 16282 | 1106 10940.2
0¢| 11488 11104 | 10188 | 13718 | 13341 | 9673 | 9510 | 76°6 10662.1
TC | 34085 3665% | 29085 | 27820 | 48089 | 33750 | 25798 | By22 29628935
% BCinTC 33.6 303 | 351 | 493 | 288 | 287 | 365 [ 873 13| Average
2{2007 spec ULSD Certified [EC| 251t6 30935 | 19728 | 13040 | 34517 | 23256 | 16370 20082.18,
oc| 1071P 9785 | 0564 | 14488 | 10348 | 861g | 10689 | 8403 10184.95}
TC| 26083 40713 | 29202 | 27498 | 44872 | 31874 | 27058 | 6002 30395,2)
% OC in TC 297 | 240 | 327 | 527 | 23.4 | 270 | 395 | 933 0,3 Average
EC % changa from LSO 1.0 211 . 45 T8 5.4 -3.4 0.5 na 6.0
OC % ehange trom LSD £.5 119 | 6.2 56 | 224 | 109 | 124 | 103 4.7
TC % change from LSD 5.9 11.4 0.7 12 | -28 58 4.9 3.2 2.6|
3|Highway UL &0 EC| 21974 27041 | 16548 | 17912 | 43091 | 24139 | 10254 | 11%8 19682.15
oc| 11284 5948 | 10206 | 12634 | 9849 | 7052 | 7960 | ee&21 9309,1
TC 33250 36890 | 26770 | 30546 | 52010 | 31191 | 18233 | 7777 26990,05-
% QCin 1C 33.% 244 | 382 | 414 | 188 | 226 | 437 | 851 39.5Avera
EC % change from LSD -2.8 §.3 424 | 288 | M8 0.3 7.0 | 4B 19
QG % change from LSD 1.8 -19.4 0.3 75 | -26.4 | <27 | <182 | 134 -12.9
TC % change from LSD 2.4 0.8 8.0 8.8 148 | v | -284 | .08 .2.2
4|Stepen SB-WY EC | 11039 14445 | 8586 | 5776 | 18845 | 9164 | 8920 916115}
bigdiesel oC 14671 180234 | 20382 | 17186 | 1425 | 16867 | 18636 | 12244 16679.45|
TC | 26009 33370 | 28068 | 220962 | 33070 | 28132 | 25556 | 12584 25808.45|
% OCinTC 57.6 567 | 704 | 748 | 430 | 645 | 729 | 975 87.2 |laverage
EC % chanye from LSD -£1.2 415 | 545 | 891 | 425 | 619 | 575 na -51.5
©C % change from LSD 0.5 704 | 938 | 253 6.6 154 | 960 | 60.8 58.1
TC % change from LSD -23.7 9.0 0.4 7.6 | -28.2 -22.8 4.9 a4.9 -12.6
s|IRE REG-9000-10 EC 9131 | 11127 | 7280 | 4080 | 17239 | 5988 | 5059 7462.3
biadiesel oc| 17289 21786 | 18500 | 19116 | 14717 | 20843 | 20049 | 13562 18290.05|
TC | 28400 32913 | 26760 | 23195 | 31956 | 27819 [ 25107 | 14260 26857.65
% OC in TC 55.4 66.2 | 729 | 824 | 461 748 | 798 | 854 72.9|Average
EC % thange from LSD 595 565 | £18 | 744 | 474 | 711 | 689 na -60.6'
OC % change from LSD 50.6 962 | 912 | 393 | 103 | 9165 | 110.8 | 781 71.2
TC % change from LSD .22.5 402 | 8.0 | 467 | -307 | 178 | 27 835 -12.7
s|IRE REG-9000-5 EC| 10012 11820 | 6667 | 4619 | 14017 | 8727 | 5055 7318.65
biodiesel oc| 17185 23246 | 19866 | 18683 | 14530 | 18524 | 20301 | 13352 18355.65
TC | 27204 35066 | 26563 | 24302 | 28546 | 26259 | 25355 | 13886 25751.05|
% OCInTC 63.2 66.3 | 74.9 | 810 | 504 | 733 | sp1 | 963 73.2|Average
EC % chanze from LSD -55.7 537 | 647 | 673 | 872 | 721 | 69.0 | m 614
0C % change from LSD 49.9 106.3 | 981 | 438 89 815 | 1135 | 783 71.8
TC % change from LSD -20.2 4.3 87 | 127 | -39 | 282 | 47 59.0 134
7iB50 Mix* EC 14096 14631 | 8603 B452 | 17302 | 14494 | 8398 10271.4
oc| 12374 14785 | 14668 | 14807 | 13744 | 15724 | 15885 | 10437 13551.2
TC | 26470 28770 | 23271 | 23259 | 31045 | 28225 | 22281 | 11163 239321
% OC in TC 46.7 490 | 630 | 63.7 | 443 | 486 | 713 | 935 60.0[Average
EC % change from LSD 377 42.5 545 | 404 472 | -398 | -80.7 na 458
0OC % changs from LSD 7.9 %9 4£3.8 7.4 3.0 41.9 67.0 .0 26.9
TC % change from LSD -22.3 216 | 200 | 964 | 326 | 164 | 136 | 260 -19.2i
8iPetroSA Fischer-Tropsch ~ EC | 24423 18580 | 9260 | 8775 | 24354 | 16964 | 8871 13740,35
syrithehe ‘oc 8359 8650 | 7B53 | 7144 | €948 | 495 | 5208 | 4213 4784.25
TC | 32783 57222 | 17138 | 15926 | 21302 | 29900 | 14081 | 4437 205875
% OCin TC 255 318 | 458 | 445 | 222 | 225 | 370 | 950 40,6, Average
EC % changa from LSD 8.0 213 | =08 | a7k | 256 | -295 | 45 na -27.5
OC % change from LSD -27.1 224 | 230 | -4re | ars | a0 | 453 [ 447 -38.5
TC % change from LSD 38 287 | 411 | 428 | 321 | .as1 | 454 | -499 -30.5!
Weight Factors:
0.15 015 0.15 0.1 0.1 0.1 0.1 015

FUEL-TESTING-SUMMARY-2 xis



MSHA ACC DIESEL LAB

Elemental Carbon Data (Bare Engine)

45000 -

40000 -

35000

30000 +———

EC (microG/cuM)

8
Test Mode
@ 2005 spec LSD Certified 2007 spec ULSD Certified OHighway ULSD W Stepan SB-W

OIRE REG-9000-10 @ IRE REG-2000-5 W B50 Mix* B PetroSA Fischer-Tropsch

ENGINE DPM (ECOC) Chart 1 FUEL-TESTING-SUMMARY-2 xls



MSHA ACC DIESEL LAB

Organic Carbon Data (Bare Engine)

15000 e
10000 | = a3 _
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Test Mode

B8 2005 spec LSD Certified W2007 spec ULSD Certified O Highway ULSD W Stepan SB-W
OIRE REG-9000-10 B IRE REG-9000-5 W B50 Mix* M PetroSA Fischer-Tropsch

25000

20000
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MSHA ACC DIESEL LAB

Total Carbon Data (Bare Engine)

55000

50000 +———— I_ —
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8
Test Mode
B 2005 spec LSD Certified W2007 spec ULSD Centified OHighway ULSD B Stepan SB-W
OIRE REG-8000-10 B IRE REG-9000-5 H B50 Mix* @ PetroSA Fischer-Tropsch
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35000 |- .
1
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25000 1
IL-, 20000
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ENGINE DPM (ECOC) Chart 3 FUEL-TESTING-SUMMARY-2.xls



MEHA ACC DIESEL LAE

FUEL TESTING nn |suzu 4.1G1T Diesel Engine
EC/GC Carbon DPM Data for Engine+DOC Combination

Engins + DOC Test Test Mode
Fual Na. FUEL 1 2 3 4 5 ] T B
Flugimai rugrndL_jogimd) Jlugima) Jluzimd) Tagimd) Jlugms) [ugims)
1j2005 5 D Certified EC, 23274 | 28799 [ 20332 | 14895 | 33431 27288 | 15217 | 608
kmé - g7se | 8678 | 8986 | 7a2e | adzr | agay | 4387 | 1878 :
C] S208; | Sussi | J7a20 | Zsudq | 39857 | 32156 | A9€0d | 27871 | 2616285
%OC in TC 273 222 | 258 | 230 | 1853 | 151 | 224 [ 873 £86) Auarage
EC % change from bare englng 29 187 | 27 56 2.1 133 | 65 | 181 5.8
0C % change trom bare engine 238 213 | 3s5 | 466 | 518 | 497 | 538 [ 753 42.4
TC % cnange from bare engine 5.0 08 | 61 | 209 | 135 ] 47 | 240 | -ean 117
2 2007 spec ULSD Certified |gc| 323341 | 28821 | 20707 | 12830 | 41127, 28157 | 8650 | | 20791.85
oo 5837 | G704 | €048 | E626 | s472 | 3695 Efg 2422 | 447615
TC|” 28018 _| 24585 | 26754 | 18567 | ABS00 | 32999 2132 | B)AT | 7
% OC in TC 19.5 6.7 | 228 | 313 | 7 | 123 | 37 | 770 26.7| Average
21 88 | s0 | 29 | 194 | 211 | 20 na 35
OC % change trom bare -47.4 411 | 368 | 591 | 471 | 543 | 568 | 712 51,1
TG % change-from bare engine -19.7 -15.1 B.7 =325 33 0.7 -#1.2 | 650 -14.8
G % change from LED w! DOC 0.3 18 18 152 | 230 | 32 | 9F% na 3.9
OC % changg tram LSO wi 0OC 56 285 | 135 | A1 | 48] 91 | 54 | 290 -18.2
TC % chasgs trom LSD wi BOG 3.5 49 | 21 | 65| 54| 02 | a7 | 128 EE]
3! Highway ULSD EG] 27280 | 27093 | 18735 | 15755 | 413031 22586 13668 | 1058 | 201433
O] 5681 EAIE 5] 4 4464 | 4179 | 4978 | 2893 | 527455
TC|  G3AE1 | 30501 | 29814 | 20752 | 4b774 | 26754 | 1Bhad| 3753 7] 254214
% OC In TC 17.0 167 | 352 | 241 | 9A | 186 | 268 | 718 27 M Averaga |
EC % chanpe lram bars engine. 41 | 30 1.1 20 | 4.1 5.4 323 | -84 23
OC % change from bare engine B05 | 595 | 112§ 604 | -BA5 | 407 | I7B | 593 433
TC % change from bare angine -1.2 -12.3)
EL % ohange from LSD wi DOC 171 07
OC % chenge from LS0 v DOC -36.1 -14.3
TC % ehange from LSD wi DOC 25 -2.8
4 1hy SB-W EC 10149 BEEA.4
blodkesel o, Id 8027.2
A T —
% 0C in TC 34.2 48 6)Aversge
£C % changs from Sare mngine -B.1 8.7
OC % chaape from bare englne B4.7 639
TC % from_bare engine A0.7 435
| |EC % change from LSO w! DOG i) -67.2
Q€ % changs trom LED wi DOC 35T ER
TC % change from LSD w/ 0OC -51.8 -4 4
5| RE REG-8000-10 Egy 9892 7607
biodissal oc|  758% ] E7B7.1
Tel 17255 [ 144804
% OCin iC 438 §1.7|Average
EC % change from bate ensgine 6.1 1.9
OC % change from bare enjine -56.7 £2.8]
TC % echange from bare sngine -6 -44.0
EC % change rom LEDw/DOC| | -58.4 £2.0
OC % change irom o S0 wi DO -136_ | 10.3
¥C % change trom LSD wi DOC A% 1 S0 50, -44.8
s IRE REG-9000-5 Ec. 10428 | 11598 7560 | 4770 | 18110 6478 | 68223 $233.7)
blodiesel h}_c 8333 | 7799 | B0zt | 7614 | G2a5 | G017 | Bo40_| 3603 |  e4%8|
Tei 16762 | 19a92| 15571 [ 12384 | 24366 | 14892 | 12363 ] 41re 14788
% 0CinTC 378 &3z | 515 | €15 | 257 | 404 | 497 | BE2 49 1|Average
EC % change from bare engine 4.2 18 13.2 23 28.2 | 318 | 231 | ns 12,5}
OC % changs from barm engine +41.1 485 | 597 | 613 | 670 | 74| -69.8 | 730 64,8
TC % change from bare snging A 447 | %4 | 4B0 | 148 | 410 | 512 | 699 A28
EC % change trom LSD w/ DOC 552 Be0 | 618 | 480 | 458 | BIE | &Y | na 58,8
OC % change from LSD w/ DQG| 1.7 38 | owes | 39 | a7 | 216 | 460 | @rd 5.0
TC % change from LSO w DOC 47.7 467 | 430 | 443 | e | 537 | 380 | 457 43.5
Ehanguirom b atow —_—l = v !
7| B50 M Ec| 14040 | 18215 | Gv2a [ 7e47 | pi2sg| 14181 ] 8910 114284
oc| G577 | 6916 | BAIG | 8473 | 5OE7 | BG4 | 4577 | 2605 | 54159
TS| 2@t | 25730 | 18138 ] 13583 | 26847 | 16345 | 17487 | 3298 | 180476
% 0G in TG T 285 | 275 | 388 | #40 | 210 | 364 | im | 79.0 _:_a.'il Average |
EC % change #ro o 6.0 249 | 138 | 95 | 2ap | 23 | 80 na 11.39
QL % cpange fro engine 51.7 508 | 563 | 567 | 588 | 630 | .71.2 | 78D £0.0
TC % change from bare engine -21.0 27| 307 | 46| -132| 318 | 484 | 705 -29.2
EC % shangs frym L S0 wi DOC -35.8 356 | 522 | a9 | 363 | 481 | 546 | na 42.9
QG % change from LS wi DOC 31,7 44| a2 | a8 | 126] 4s 43 | 7 12,04
TC % changa from LSD wi DOC -34.7 309 | a0 | 3aa] 324 404 | 14| (027 -38.2
s|PetroSA Fischer-Tropsch |eCi 24865 | 20418 | 10726 | 1¥380 | 27878 | 18500 | 9185 15068.15
tsmtheﬁc OC| 6435 | 5801 | 48B3 | 4Ba3 | aBBS | a4y; | 3508 | 2450 | 461785
TC|  a%094 | geeis | 15380 | 18023 | 32173 | 23008 | 12785 | 2:/8 | 18734.06
% O in TC _ 207 212 | 303 ] 250 | 149 ] 195 | 281 | &A1 3.5 Average
£C % changn from bare engine 19 88 | 156 | 797 | 145 | 94 37 na 5.7
OC % change from bars engine -23.1 984 | 407 | 350 | 295 | -88 | 308 | 418 -31.8
TC % change from bars anjine -5.2 -4 R -14.2 0.6 4.7 51 -B.2 -37 4 -4.0
£C % ghange from L5D wi DOC [X) 278 | A7z | -235 | 166 | 322 | 98| ma -u.;!
OC % change from LSB wi DOC 358 319 | 34| 86| 238 ] 76 | 1m0 | 303 360
TG W change m LS50 wiDQC .2.9 287 | 437 | -2re | 178 | .285 | 342 | 05 -24(_01
"Bl S0V50 Mix OF Stapan SE  and Highway ULSDVeRht Cadtrs.
015 0158 ais R 0.1 01 6.1 015

ENGINE+DOC DFM iECOT) FUEL-TESTING-SUMMARY-2 xis



MSHA ACC DIESEL LAB

Elemental Carbon Data (Engine+DOC)
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MSHA ACC DIESEL LAB

Organic Carbon Data (Engine+DOC)
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MSHA ACC DIESEL LAB

Total Carbon Data (Engine+DOC)
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MSHA ACC DIESEL LAP

FUEL TESTING con Isuzu 4JG1T Diesel Engine
NOX Emissions Data, g/hr

Bare Engine Test Test Mode |Waighted
Fuel No. FUEL 1 2 3 4 ] 6 k! 8 Weighte<lj Average
o Average{Differonce
1,2005 spec LSD Cerfified 426.53 295.03 187.39 53.78) 38438 277.39 177.50 26.04] 225.2)
22007 spec ULSD Certifiad 44116 29115 188.97 54.30 384.50{ 28585 180.59 23.18) 228.3|
% thange from LSD) 34 1.3 0.8 1.1 0.0 3.0 1.7 A1.0] I 1.4
3|Highway ULSD 381.07, 250.07 158.49 47 66 327.861 24510 157 91 23.74| 198.3] |
% change from LSD -10.7 5.2 5.4 1.4 14.7] -11.6 1. 8.9 | 128
4|Stapan SB-W biodiesel ) 457.30 310.75 194.67 58.54 402.64 297.46 193.15] 26.90) 239.5] [
% change from LSD) 7.2 5.3 3.9 KR 4.7 7.2 8.8 3.3:“ a.4|[
SIIRE REG-9000-10 biodiessl 414.8) 278.74 181.69 §3.24 377.34 284.93 174.55 27.45| 219.7] It
% change from LSD -2.7 5.2 -3.0 1.0 -1.8 27 -1.8f 5.4] 2.4
8:IRE REG-9000-5 biodlesel 440.0) 206.47 193.83 52, 407,44 305.98 192.3% 30.56] 235.3| |
% change from LSD 3.2 0.5 3.4 1.8 6.0 10.3 8.4 17.3 45
7|B50 Mix* 418.08 281.3 179.81 50.61 377.97 26980 179.6 26.85 218.7]
% cthange from LSD) -2.0 4.6/ 4.0 -5.9 -1.7 -2.7 1.2 3.1 -2.4
8|PetroSA Fischer-Tropsch Syn. 06.57 210.2 136.24 42 B4 253.87] 208.20{ 157,85 24 47] 166.3|
% change from LSD -28.1 -28.7 -27.3 -20.3} -23.5 -24.9 223 5.1 | 26 1
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD
Engine +DOC Test Test Mode [Weighted
Fuel No. FUEL 1 2 3 4 5 6 7 8 Woelghted||Avarage
Average|s:Diffarence
1/2005 spec LSD Certifled 408.21] 272.01 181.84 55.72 356.62 250.73 173.49 27.30 212.5]
__ % change from bare enuine 43| 7.8 -3.0 38 7.2 -8.6 -2.3 4.8 I -5.8
212007 spec ULSD Cartified 426.82) 277.85 181.94} 55.25 365.80 26162 168.93 28.38 2175
% change from bare engins -3.2 4.6 3.7 1.6, 4.8 8.5 -6.5 224 | 4.7
3 Highway ULSD 361.0% 231.70) 156 46; 47.36 6 06 221.5 150,53 24.47| 185.6{
% change from bare engine 5.3 7.3 1.3 06 3.6 8.6 4.7 3.1 | -5.4]
4!Stepan SB-W blodiesel 415.27| 271.67 185.27] 57.67 367.30 254.0 172.45 26.85) 215.3)
% change from hare gngine -9.2 -12.6 4.8 1.8 88 -14.6: -10.7 0.2f ~10.1|
5|iRE REG-9000-10 blodlesel 30164 25353 171,9 50.73 332.81 240.96/ 155.22 27.20 198.7]
% change from bare enginc| -5.8¢ 8.4 54 4.7 1.8 15.4! -11.2 09 9.1
6|[IRE REG-3000-5 blodiess! 404.73 261.90 179.37 54.42 362.45 260.18 172.27 30.28) 211.5
% change from bare engine 8.0 41.7 -T.5 3.4 41,0 5.0, -10.5 0.9 [ -10.1
7|B50 Mix* 390.74 253.27 165.2 50,19 338.81 236.78 158.28 28.02| 198.4|
% change from bare sngins 6.5 -10.0 8.1 1.0 -10.4 122 -11.9 44| [ 9.2
8lPetroSA Fischer-Tropsch Syn. 304.27: 200,37 137,93, 41.49 272.20 188.08]  130.72 23.73 159.3]
% change from bare enging 0.7, 4.7 1.2, -3.2 7.4 9.7] 6.2 3.0 | 4.2
Weight Factors:
0.15 0156 015 | 01 01 01 015

*B50; 50/50 Mix of Stepan SB-W and Highway ULSD

NOX FLEL-TESTING-SUMMARY-2 xla
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MSHA ACC DIESEL LAB

Fuel Testing NOx gas Emissions Engine + DOC
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FLEL TESTING on Isuru 4.)G1T Dissel Engine

MEHA ACC DIESEL LAB

5!
with venifllation rales
Bars Engine Test Test Mods Wi e
Fuel No,  FUEL 1 2 3 4 5 & T g Welghted|Ayerays
. =F Avwrage % Diff
1] 2008 L&D Certified $r 266,48]  181.75 113.60 M.Dﬂl 240.84) 171,80 110,74 4.7 141.7
Vent 4538 3371] 2107 . 3187 2043 Fii
72007 spec ULEE Certified r 272,52 183,40 115 27 30.21 24615 179.24 1294 125 144.3]
CFM Vant BO5E 3407; 2138] 560 45681 325 2078 23: 18
% change from LS50 2d oA, - .4 2.2 4.3 1.7 -14.5'
3lHRhway ULSD r 23547 15238 95 15} 25.81 209607 16262 95.69 1:_}._:3 1228
CFM Vent 4368 2837, 785 479 5368 2821 176 24 133
% ¢hange from L 50 118 158, -16.3 -14,1 138 iz 133 -1o.§
4| Stepan SEOW bl gihr 288,52 194.50 12147 34.08 255.281  186.30 121.57 4.3 152.5] N
CFM Vant 5352 3608 2253 §32| 4738 3455 2258 277 77
% change from L0 Y 7.0 5 9 133] 8D 54 10.4 1.4
5 IRE REG-9000- diesal glhr 250.17 175660 111,74 30.25]  34BT9|_ 17747 108.20 15.55] 130.7)
CFM Vent 4809 3221| 2073 561 4487 38| 2007 z% 1.4
% change from LSD Y 45" .16 0.5 09 X 18 .
|IRE REG-5000-5 biodiesel _glhr 273.66] 18434]  198.85 30,54/ 25938, 1916 11934 17.52{ 149.2]
CEM Vent 5076 2418 2205 556 4811 asag| 2214 Eﬂ 3]
% thange from LSO 28 1.4 47 1,5 7.7! 143 8.4 18,
7|B50 Mix “gihr 260.03] 17505, 1n9.68) Z8.93] 23778 18869 171.20 75.27] 138.7)
CFM Vent 4623 3247, 2035] 537 4410 agzel 2083 | 2.2|
% ghange from LSO 2.3 31, 34 -3.8 1.3 1.8 1.0 EXi |
&, PotroSA Fiachor-Tropsch Syn. — ghr 189.28]  128.80, 81,50 z2.50 184,05 129,58 8341 1%.651 704.0]
EFM Vent 3511 2360 1518 417 3414 2404 jry 5 -26.5
%, charge from LSO 26.8 .29.1 .27.9 .25.2 -238] 246 743 12|
“B50: 50/50 Mix of Stapan SB-W and Highway ULGD
E +DOC Test Tost Mode Weightad
Fusl No. FUEL 1 2 3 4 5 6
T[2065 sgec LSO Cortified hr 29780] 15389 11025]  3668] 211,93 13522
CFM Vent 441 2851] 2045 €60 3931 2508
% chanqe from bare enpine 107 A54 -3.0 214 29| 213 \
232007 apec ULED Cerlified gihr 25193 154.88, 106,47 3621 214,78 13921 91,88 8.3 127.9
| CFM Vent 2873 2873, 1975 672 30984 2582 1704 235 -11.4
% change from bare ergine 15 956, 78 19.9 427 -22.3 18.0 45,_:_]
hway UL g/t 202,28 124.14. 8133 30.41 178.84] 11044 81450 157 105.1
CFM Vani 3752 FEGE| Tead 564 2318 2048 1511 293] 144
% ohangs from bare erajine 141 188 40 17.7 48] 216 14.9 w.H
4| Stepan SEW biodlasel hr 23508 14981  106.68 37.74]  3i6.08,  131.8% 65,34 173 1234
CFM Vant 4281 2775 19_&_3' 700 3857 2447 1768, a2 A8.8]
% chenge [rom bare wnging -18.5 -2 -12.0 147 -17.7 282 .5 16.04
& IAE REG-5000-10 biodiezel _ghhr 218.32 13553 98,32 3251 18401 11853 84,85 17.561 1128
CFM Vent 4050 2516 1824 810 3413 7205 574 321 19.4
% change from bere engine -15.8 -H.§ 120 5.8 -21.5) -323 18 18
8 IRE REG-$000-5 biodlesel gite 22445 14480, 103,82 35.20 189.28/ 131,39 95.71 19,611 1200
CFM Vant 4183 2688, T92C T 38471 3437 #7761 354 186
% change Iram bare engina R0 214, -12.9 153 222 313 198 k|
7|B50 Mix® phr 225,40 136,45, 95,32 3274 192851 119.18 87 48, 8,2 114.9
CEM Vant A183 sy 788 T 755 1655;! 35% 7.4
.. % changs from bare engina 133 208 31 132 -18.4] -z9.0 73 18 4]
8, PetraSA Fischer-Tropsch Syn. “ghhr 172,38 112.50 53.57 2697 153,10 9408 7d.0H; 5.4 EF]
CEM Yant 3154 2887] 1550 500 2845, &8 174 10.8
| % charge from bare engine 9.0 327 20 189 6.0 243 1.2} 13.3] 1
‘Wesght Factois.
o 015 15 o1 ['K] a1 a1 -E .1

M

*BS0: S0/50 Mix of Stepar SE-W and Higheay ULSD

FUEL-TESTING-SLAMARY-2 i1



MSHA ACC DIESEL LAB

Fuel Testing NO gas Emissions Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing NO Ventillation Rate Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing NO gas Emissions Engine + DOC
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MSHA ACC DIESEL LAB

Fuel Testing NO Ventillation Rate Engine + DOC
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'l B50 Mix* @ PetroSA Fischer-Tropsch Syn.

NQ Chart 2 FUEL-TESTING-SUMMARY-2.xls



FUEL TESTING on Isuzu 4JG1T Diesal Engina

N2 Emissions Data, gritw

WHEHS ACE DIESEL LAB

with varmilabon rates
Bare Engine Test Test Mode ﬁei]hled
Fuel No. FUEL 1 2 3 4 5 [ 7 8 [ WeightedfAverage |
Averagedtol flerence
1]2005 spuc LSD Cortified alhr 1680 15?% ve 1a4s 12.4]
CFM Vant 1004 A 455 5
2|2007 spec ULSD Cestified oy 10.2¢ 1237 B30 7.43) 1.1
CFM Vant 817 744 430, 445 238| 0.8
% ghangs from LSO -38.5 EX) 5.5, S19 P | 1
3| Highway ULSD T 1577 1271 5.09] 677 14 |
CFM Vant 854 789 489 410 51|
... % change tram LSD 50 4.8 53 56 2 R |
4: Stogian SEW b 1 r 12,8 &58 8.33 11 56 _gl 5.8
Vent bt 521 383 5 s -21.3]
% change from LSD 228 -35.7 478 252
5/1RE REG-5000-1D biodiesel gihr 10.11 10,52 .90 8.4/ 0.2
GFM Vont | 548 536 41 1 -18.3)]
% -35.5 213 A 4521
] IRE REG-90D0-5 bi = 20.78) 14.09 11,70, B.06 10, 11.4]
CFM Ve 1257 AS2 8 365, B11] 8.2
0.8 151 424 H.2; M7 N Al
7 B50 Mix* _ghkr 19.74 13,18 11.78 8.29, 13.7 3.45] 11, 1
CFM Vent 154 747 7i3 380) 533 ] i .9.gl
% change from LSD 53 208 118 -18.2 | . m%{ 199 57 1.0
8|PetroSA Fischer-Trapsch Szn. fhir__ 16.81 12.82] 16.78| 3 11.92 9.70 10.06 3.53 10. ~
CFM vent 005 782 852 207 721 587 53] 214 .14.6_1
% charae from LSD 114 -22.1| 182 8.1 228] 31 8 147 1.2
“B50: 50/50 Mix of Stepan SB-W and Highway ULSD
+ st Test Made IE rebghted
Fust Na. FUEL 1 2 3 4 5 1 ki 8 | Woaightadi/\verage
T 2005 spec L3D Cortified v 4392 3658]  12.85] 0.0n 31,95 43 2114 £.09 23,7
CFM Vent 2057 2213 783 I} 1933 26361 1276 | 0.5]
% changs from bars sngine 1343 1204 -3.1 -100.0 106.8 208.8 140.9 -97.5_[
2|2007 spec ULSD Certified “ghr 40.88] 4087 1884 .00 36.88 43,363 28,18 (%1 26.4)
CFM Vant 2473 2457 1140 ] 2% 292h 1705 22| | 138.2]
% change from bare engine 127 98,0 2.3 1040 386.3 373 1 2145 0.8 J
3 Highway JLSD gt 5118 41,52 I 0.7 4193 5237 2578 0.30] 28,
i CFM Vert 308 2512 D2 a7 2535 .*m;gr '1355’ 18 145.1
% chanpe from dane engine 151 5 532 Ja a3 -80.5 518.3 I8 8, 127.4 12|
4|Stepan SBW bicdiesal gihr__ 55,1 4217 21.56 o, 51 3] 38.53] 0.33 ap.3
CFM Vnt a_aael 2551 1303 [ 2752 34 EED)] 70 2088
M change from bare erping /0.1 I 22X 5 1508 100 U A7 J%E'l_‘f aa BB
RE REG-8000-10 blodiggal “gihr 5.4 45.76 330 G. 0.9 5124 25.24 0.30 324
GFM Vent 34 3786 1288 3080 3463 1527 18 215,
% change rom bare engloe 224&25 v 2 102.5 A5 3 5018 3233 1775 -51.8
B|IRE REG-9000-5 blodissel _gihr 60.88] 24,93 20,78 0.5 5717 58,90 25.85) 0.25] 32.5) -
CFM Vent 3884 2415 1257 34, 3458 : 1554 EH 184,
% change from bare englne 199t 1835 1re 50 4566 2 348.4 1885 83|
7|ES0 Mix* gihr_ 45.32 4118 1823 B.B%ll 369 53.29: 24.25 n.n_g{ 280 J
CFM Vent 2742 2451 1163 0| 2647 3224] 1468 l 1478
| __ *change from bare engine 1206 2125 3.1 100.0) 2174 m1| 181 4I 7.3 I |
8| PatraSA Flscher-Tropsch Syn. gfhr 40.48° 28 04 9.80 0.18 : 37.67] 0 17, .03 zul —]
CFM Went 24431 1696 ] b 2778 7289 1 0 53.0]
% change from bare angine 143.7) 117.0 81| TR 268 280 2 713 99.9 |
Waight Factars:
LR 1 a5 015 o1 01 oq 8] 015

*B50- 50150 Mix of Stepan SEW a

nd Highway ULSD

FLEL-TEBTING-ELIMMARY -2 xls.



MSHA ACC DIESEL LAB

Fuel Testing NO2 gas Emissions Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing NO2 Ventillation Rate Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing NO2 gas Emissions Engine + DOC
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MSHA ACC DIESEL LAB

Fuel Testing NO2 Ventillation Rate Engine + DOC
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NO2 Chart 2 FUEL-TESTING-SUMMARY-2.xls



FUEL TESTING on |

CO Emiszjons iy
with vertillathon rales

1T Diesel Englne

MEHA ACC DIESEL LAR

Barw Englne Test Test Mode
Fuel No, FUEL 1 2 3 4 5 6 7
1[2005 spec LD Certified m(-r 54.29 3572 25.04 81.23] 30.81 16, 14.181
. CFM Vent 539 355 249 605} 306 83 1437
2| 2007 spec ULSD Carttiigd ihr 5540 36.83) 5,31 63, 3260 15565 14 732]
CFH Vent 551 384 752 630 324 155 141
% changs from L5 2.0 25 11 34 58 251 0.2
3 Highway ULSD. gihr 53125 33.82 2846 36 47 3672 15,39 13.06
T CFM Vent 530 238 265 67 153 1304
¥ rhange From LSO 1.8 -5.3 6.5 40§ 192 6.1 1.9
4| Stepan SB-W biodiesel g 41.85 31.54 4286 71.96 11.67 11.83
CEM Vent a4 313 302 438 18] 176 1t
% change from LSD 233 %7 -18.0 L300 287 .28.8 -15.9]
RE REG-5000-10 biodiesel _ghkr | 48.84 34.9 23.31 32.04 20,25 13.08 13,46
CFM Yant 485 3481 232 318 01 13¢ 134
% change from LSD 6.0 -21 64 -47.7 -3 3 -202 4510
BlTRE HEG-#I00-5 bodiese! T 4347 3274 13.95 3z 30,05 11,20 1247
TFM Vet 437 230 198 320 195 101 ¥l
*4 change from LR -19.0 .7 203 AT 4 4.9 S 142,
7 Wi r 4838 6 22.53 3553 21,32 14,35, 1220
CFW Yent 451 2158 zad 353 212 143 T3
% change trom LSO -10.9 L1174t 10,0 -azo 308 125 -14.0
B PetroSA Fischer Tropsch Sgn. 45.48 AT 27.31 50.54 20,80 16,104 16.26 8.7 274
= = TEM Vent Evs a05] 2:% 502 207 1 ﬁ‘i 1254
% chaisge frum LSO 14.4 -12.8) 8.1 475 328 1.8 14.6] 27.9] |
“BED: SO/50 Mix of Stepan SB-W and Highway ULSD
Engine +D0C Test Tast Mode
Fuel No. FUEL 1 2 3 It 5 (] b
9055 spec LaL Cenfied —aihr 12z| 0.00] 0.00 2055 Boa 2.08] .00
GFM Vent i [ o} 244 [ o 0
% chxnge from bare engine 97 8 ‘1w_§| 100.0 517 amn|  -opa 1008 -35.5] |
2} 2007 spec ULSD Certifiad “gihr 1.4 0,00 0.00 ] a.0n £.00; 0.00 9,69 u_;l
CFM Vet <4l bl [ 31 [ ] G 95 851
% chnge from bare enging 7.4 -100.0 -100.4 -50.4 -100.0 1000, -190.0 1.7
3| Highway ULSD __ghr o.w_i_ 0.00 0.00 0.0 0.00 ©.00° 0.0 .00 0,0
CFM Vent ¥ __a] ] of ] [V af 1000
% chamge from bare engine 1000 1000 1000 100 0% Aofa 1000 1000 -100,0)
4|Stepan SB-W bindlesel T o.50] 0.00 0.60 4.2 6.23 0.00 0,00 8.59] 1.9]
CFM Vet g o [ 47 z 0 0 85| a7
____ _%change from bare angine 9B 1 -100 0 -10b0.0 542 | k] -100.0 102 O -“.5-}
S[IRE REG-9000-10 biodiess] —ghr 1.01 .00 0.00 9.0 [} .00 0, 2.14] 0.5]
CFM Vent 0 o o aj [ [ Fil 98,7
% change from bare v gine 979 -woel  wop| -0l teee]  so0e]  vo00] 825 ‘I
6|IRE REG: 5 bioghese! glhr &.a0 B.O0 0.00 1.19' 0.00 0.00 0.0l 6.7% 1.1 |
|' CFM Vent 0, 5 Q 12] 0 [i] G'FI -85.2|
|_ % change from bare asgine goog,  apapl o0 983, 1o0o8] 1000l  topol -38.8
7850 Mix~ _alr 1.23, 0.00 0.00 158 0.00 a.00 2.28) 0.7
T CFM Vet 1 [ 0 16) a il 0] 87.3
% changs from bare engine 876, -100.0] -100.0 958 -100.0 -100.0 -10D.0 a7
8] PetroSA Fischer-Troysch Syn. _ghr__ 0.41| 0.00 0.00 0.53 0.35 0.00 0.00 3.57] 0.7]
CFK Vent 4 [ 0 5 TI o [ 35 -97.5
| % chenge from bare wnging o0 | 100 0 0.0 388 o613  -1boa 4006 -5&.4[
Waight Factors:
045 1% 15 o1 01 (R ] a1 016

co

“B&0; 50/5( Mix of Stepan SB-W and Highway ULSD

FUEL-TESTIHG-BLIARY -2 xis



MSHA ACC DIESEL LAB

Fuel Testing CO gas Emissions Bare Engine

Test Mode
'B2005 spec LSD Certified W 2007 spec ULSD Certified OHighway ULSD
H Stepan SB-W biodiesel OIRE REG-9000-10 biodiesel WIRE REG-9000-5 biodiesel
W B50 Mix* B PetroSA Fischer-Tropsch Syn.

CO Chart 1 FUEL-TESTING-SUMMARY-2.xis



MSHA ACC DIESEL LAB

Fuel Testing CO Ventillation Rate Bare Engine

Test Mode
B 2005 spec LSD Certified B 2007 spec ULSD Certified o Highway ULSD
B Stepan SB-W biodiesel OIRE REG-9000-10 biodiesel HEIRE REG-9000-5 biodiesel
| B50 Mix* H PetroSA Fischer-Tropsch Syn. ]

CO Chart 4 FUEL-TESTING-SUMMARY-2.xls



MSHA ACC DIESEL LAB

Fuel Testing CO gas Emissions Engine + DOC
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FUEL
€02 Emisslons Data
with ventillaton rales

(1] 1T Diesel Engine

MSHA ACC DIESEL LAB

Bare est Test Mode EWEIQMM
Fuel Ho. FUEL 1 2 3 4 5 6 erage
12005 spec LSD Certified aihr 4856167] 37060.34  26179.77] 1113284) 3746847, %7130.00] 269371
CFM Vent 3772 5508 1649 7 2360 1747
22007 spec ULSD Certfiigd gihr 50632.90] 38116.28]  26611.30] 11348.T6] 38054.78] 28444.88] 1924E.04 27348.2
CFM Vent 3193 2401 1677 715 239 1792 1213 138 18]
% change from LSD 2.3 0.4 1.6 21 1.6 26 17 8.8
3 Wighway ULSD glhr 4E57L.34,  344bb.0u| 2304245 10470.32] 34330.64| 2087417] 1701216 23061 247451
CFM Vent 2534 2171 1502 E80 2163 1567 1072 148| 81
. _%change from LSD -4 8.2 8.8 -B.B -2.4 -10.3 -10.1 -3 |
4|Stepan SB-W blodiosal r 48571.44) 3766948 7661219] 11350.68| 36884.17| I718243; 19241.34]  2406.26( zsrss.z_l
CFM Vent el 237 1617 718 2324 171 212 152 |
% chaage trom LSD _ 1.4 -0.8 1.7 2.2 45 24 1.7 o.5]
IRE REG-Mi70-10 blodiesel amr 48449.17] 36482180 2649833 1126164 36824.16| 2745458 18692.76] 263830)  26561.9]
CFM Vent 3052 2296 1664 709 3520 1732 1190 168 14
% change from L5D 2.3 40l  12] 13 a7 0.8 &1 10.2
6|iRE REG-5000-5 blodiessl alhr 48408.47] 37287, 26826.36] 11328.75| 37798.6Z| 28038.41; TeTaige] B 27140.9
CFM Vent 34131 254 1691 714 2381 768 1542] 177 I 08
% change from LSO 03| -1.8 28 18 08 1] 42 1 -ﬂ
7B Mixt r 43:41_@3 JETRG.07) 26766.45 1084200 36428.12| 2680915 15645.03{  2484.38]  26180.2 I
CFM Vent 304 2279 1623 683 2295 1690 1475, 155] -2.8]
% change from L5D -25 4.7 A5 .24 -2.8 Y T
8iPetroSA Fischer-Topsth Syn. gihr 44068.42] 33373, $3360084| 1076895 233267.19| 24830.60) 17291.59]  24B8.1 241010
CFM Vent 2776 2103, 1485 78 2608 571 1085] 187 10.8
- % charige from LSD 111} 12.4] -11.2 -3.2 1.2 -18.1 2.5 4.0]
“B50 BU/AD M of Stepan SHLW snd Highwey ULST
Engine +DOC Tes: Test Mode '\E{lgmw
Fuel No. FUEL 1 2 3 4 5 L] 7 ] | Weighted|Average ]
- o mm — — — — AverageshDifference |
172005 spec LSD Certifled 4373022, ST683.05  26EAB.B3| 1127604 3T690.64] 27711.02] 18128.31] 2445 27026.4)
CFM Vent 3133 2% 1672 e 5375 1746 1205| 1;.% 0.3
|, % change from bare engine a3l Ao 14 s e 04 14| 22|
{2007 spec ULSD Certified alhr 51105.08 3856548 26600,15| 11195.67| 38650.78| 28451.18) 19203.65  2667.84 27567
CFM Vent 3220 2430 1676 705 2430 17921 1200 182 0.8|
% change from bare ang 0. 1.2, 0.0 A3 14 oof o2l L) _
3{Highway ULSD: ahr 48624,78| 3487276, 2445280 10827.87 35197.81) 256526.76i 17890.66 230374 25184.
CFM Vent 2931 2197 1547 588 2217, 1503 1178 10| I 1.8
4 change from bare enging £ 1.2 3.0 44 25 2.6¢ 0. 3.4
4|Stepzn SB-W biodlese] alT 4898210 30478.06] 264B788| 11710.66] 300TH.33| Z6b4b.AG. 1064261  2200.63 28366.
CFM Vent 3080 2298 1668 06 227 1672 1174 1ad| 18
% change Jrom bare engine 00 a4 45 3 -2.2| 2.3 EX]| -.2| 1
S/IRE REG-9000.10 hiodiesel _ghr 4849339 36009.99] 26108.38] 1110674 35835.06| 26124.88] 1719208 2399.28 26958,
CFM Vent 2574 1545 700 2239 1646 1ugs 181 2.2
% change from bars sngine bt 1.0 -1.5 A4 3.8 412 Y 9.4
6| IRE REG-5000-5 hlodiesel g@r 43692.86| 236084.91] 26084.04] 1123653 388165.50] 27501281 19056.74:  2661.05] 2489l 1
CFM Vet 3068| _ za73 1543 708 231% 1733 1201 168 .2.4{
=% from bare sngine 4.4 3.2 -28 4.8 2.8 1.9 -3.4 55
7| B60 Mix* glkr 4587132 36386.24] 2Z6703.02. 11161.90] 36512.10| 26976.25. 1843584 zass.zul 26342 5}
CFM Vent 3079 2292 16819 703 2300 1700, 1161 ] 1 0.6
% changa from bare sngine 11 06 0.2 10 0.2 0.6 14 5.9 5E
8 PetroSA Fiacher-Topsch Syn. i 4%26.11]  33702.06] 23908.04; 10777.67| 33257.31| 2482201 1727408  2420.38) 24343 3
| CFM Vent 2824 FEEl 1506 875 2085 1564 1088 162 1.0
| % chznge from bare engine 17 10| Z8 02 [ 0.4 .01 2.7
Welght Factors:

FUEL-TESTING-SUMMARY-2 1



MSHA ACC DIESEL LAB
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FUEL TESTING cn Isuzu 4.1G1T Diesel Engine

Engine Power {HP)

MSHA ACC DIESEL LAB

Bare Engine Test Test Mode
Fuel No. FUEL 2 3 4 5 8 7 B
1/2005 spac LSD Certified 84,16 64.31 42.88 9.48 71.96 53.98 35.95 1.52 HP
2{2007 spec ULSD Certified 85.15 64.31 42.83 9.44 72.34 54.86 36.03 0.81 HP
% change from LSD 1.2 0.0 -0.1 -0.4 0.5 1.6 0.2 -46.3 0.4 AVE CHANGE™
3|Highway ULSD 81.89 60.78 40.43 9.40 €9.11 51.38! 34.26 1.82|HP
% change from LSD -2.7 5.5 -5.7 -0.8 4.0 4.8 4.7 20.0 -4,0 | AvE CHANGE
4|Stepan SB-W biodiesel 84.18 64,16 42.87 9.53 71.11 5§3.12, 36.02 1.05|HP
% change from LSD 0.0 -0.2 0.0 0.5 -1.2 -1.8, 0.2 -30.8 -0.3 |AVE CHANGE
5|IRE REG-2000-10 biodigsel 82.77 §1.80 42.83 9.55 69.67 52.22 34.29 1.35|HP
% chanyze from LSD A7 -3.9 -0.1 0.8 -3.2 -3.3 4.6 «11.0 -2.3 |AVE CHANGE
6|IRE REG-8000-5 biodiesel 83.98 £63.04 42.73 9.40 70.90 53.12 35.98 1.84HP
% change from LSD -0.2 -2.0 -0.3 -0.9 -1.5 1.6 0.1 21.3 -0.9]/AVE CHANGE
7|B50 Mix* 83.82 62.94 42.74 9.53 71,22 53,10 35.97 1.80[HP
% change from LSD -0.4 -2.1 -0.3 0.5 -1.0 1.6 01 25,2 0.7 |AVE CHANGE
8|PetroSA Fischer-Tropsch Syn. 75.37 57.17 3812 9.53 65.01 48.81 32.62 1.78|HP
% change from LSD -10.4 -11.1 -11.1 0.5 -9.7 -9.6 -8.3 i7.4 -B.7{AVE CHANGE
*B50: 50/50 Mix of Stepan SB-W and Highway ULSD ** mode 8 discounted in average change
Engine +DOC Test Test Mode
FUEL 2 3 4 5 6 7 8
1/2005 spec LSD Certified 83.68 63.06 42.88 9.51 71.28 53.16 36.03 1.48/HP ]
% change from bare engine 0.6 -1.8 oo 0.3 -0.9 -1.5 0.2 -2.5 -0.6 |AVE CHANGE**
2|2007 spec ULSD Certified 85.66 64,20 42.74 9.49 72.02 54,85 36,01 1.63|HP
% change from bare engine 0.60 0.17 -0.21 0.47 0.44 .02 -0.07 100.76 0.0 |AVE CHANGE
3 Highway ULSD 80.22 59.62 4).55 9.56 §8.80 50.56 34.34 1.67[HP
% change from bare engine -2.04 -1.92 0.30 1.65 .45 -1.61 0.23 -8.11 3.5 | AVE CHANGE
4|Stepan SB-W biodiesel 83.39 81.86 42.72 9.60 70.67 63.17 35.99 1.52|HP
% change from bare engine 0.84 -3.87 -0.34 0.75 -0.62 0.08 -0.08 44.79 =0.7 |AVE GHANGE
5|IRE REG-8000-10 biodiesel 83.07 61.82 42.80 9.48 69.35 52,23 34.27 1.79|HP
% change from bare englne 0.37 0.03 -0.06 -0.72 -0.48 0.01 .05 32.49 ~0.1|AVE CHANGE
6| IRE REG-9000-5 blodiessl 83.93 61.89 42.77 9.42 71.08 53.11 36.00 1.84|HP
% change from bare engine 0.07 -1,82 0.08 0.20 0.27 -0.02 0.06 0.03 -0.2|AVE CHANGE
8|B50 Mix* 83.24 61.88 41.65 9.51 70.81 53.05 35.17 1.91|HP
% chenge from bare engine -0.69 -1.88 -2.56 -0.18 0.57 0,10 -2.23 0.50 =1.1}AVE CHANGE
8!PetroSA Fischer-Tropsch Syn. 77.41 58.29 3931 9.52 66.11 49.73 33.41 1.74|HP
% change from bare engine 2.7 1,97 3.13 -0.08 1.70 1.89 2.41 -2.40 2.0 AVE CHANGE

*B50: 50/50 Mix of Stepan SB-W and Highway ULSD

POWER

““mode 8 discounted in average change

FUEL-TESTING-SUMMARY-2.xls



MSHA ACC DIESEL LAB

Fuel Testing Power Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing Power Engine + DOC
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FUEL TESTING on Isuzu 4JG1T Diesel Engine

Fuel Consumption {Ib/hr)

MSHA ACC DIESEL LAB

Bare Engine Test Test Mode
Fuel No. FUEL 1 2 3 4 5 & 7 &
1]2005 spec LSD Certified 33.60 2561 17.51 7.35 25.72 18.88 12.68 1.44]Ib/hr
2| 2007 spec ULSD Certified 34.34 25.80 17.72 7.30 25.84 19.20 12.79 1.341lb/he
% change from LSD 2.2 1.1 1.2 -0.7 0.5 1.7 0.8 6.5 1.0)AvE CHANGE™
3|Highway ULSD 33.05 24.23 16.57 7.16 24.72 17.85 12.05 1.52lb/r__|
_% change from LSD -1.6 -54 -5.4 26 -3.9 -5.5 -5.0 5.9| -4.2:AVE CHANGE
4;Stepan SB-W biodiesel 37.57 28.62 19.98 8.21 28.50 20.92 14.41 1.25¢Ib/hr
B % change from LSD 11.8 11.7 14.1 1.7 10.8 10.8, 13.6 -12.9| 12.1 AVE CHANGE
5|IRE REG-9000-10 biodiesel 37.36 27.88 20.06 7.98 28.77 21.03 14.05 1.71 Iv/hr
% charwie from LSD 11.2 8.8 14.6 8.5 11.8 11.4 10.8 19.2| 11.0}avE CHANGE
6|IRE REG-8000-5 biodiesel 37.22 28.03 19.62 8.12 28.10 20,54 14.19 1.84 Ib/hr
% ¢hange from LSD 10.8 9.4 121 10.4 9.2 B.7 11.9 27.8|  10.4|AvE CHANGE
7|850 Mix* 35.36 26,37 18.54 7.55 26.81 19.47 13.16 1.60|tb/hr
% change from LSD 53 3.0 5.9 2.7 4.2 31 38 1.3 4.0|AVE CHANGE
8|PotroSA Fischer-Tropsch Syn. 29.91 22.31 15.40 6.97 22,30 16.54 11.24 1.37[ibir |
% change from LSD -11.0 -12.9 -12.1 -5.2 -13.3 -12.4 114 4.5 -11.2|AVE CHANGE
*B50- 50/50 Mix of Stepan SB-W and Highway ULSD ** mode 8 discounted in average change
Engine +DOC Test Test Mode
FUEL 1 2 3 4 5 & 7 8
1[2005 spec LSD Certified 33.66 25.38 17.64 7.24 25.83 18.85 12.84 1,55[Ib/he
% change from bare englne 0.2 -0.9 0.7 1.6 0.4 -0.2 1.2 7.8  0.D|avE CHANGE
2[2007 spec ULSD Certifled 34.41 25.45 17.37 7.14 26.04 19.18 12,74 1.50Ib/hr
| % change from bare engine 0.21 -1.74 -1.96 -2.27 0.78 -0.09 0,33 11.62| -0.8|AVE CHANGE
3:Highway ULSD 32.14 23.83 16.88 7.33 25.07 17.69 11.98 1.41|Ib/hr
% change from bare engine -2.74 -1.63 1.90 229 1.42 -0.82 -0.56 -7.54 0.0 |AVE CHANGE
4:Stepan SB-W biodiesel 3710 27.66 19.82 8.25 28.45 20.90 14.45 1.92]Ib/hr
% change from bare engine -1.26 -3.34 -0.81 048 -0.19 -0.11 0.24 53.65, -0.7|AVE CHANGE
5{IRE REG-8000-10 biodiesel 37.48 27.87 19.89 8,21 28.09° 20,70 13.85 1.84!Ib/hr_|
% change from bare sngine 0.27 -0.02 -0.84 2.81 -2.37 -1.58 -1.40 7.28|  -0.4|AVE CHANGE
61 IRE REG-9000-5 biodiesel 37.47 27.56 19,81 8.08 28.46 20.56 14.30 1.84 |ib/hr
% change from bare snglne 0.67, -1.89 0.94 .78 1.30 .11 0.79 0.21 0.2 |AVE CHANGE
8t B50 Mix* 35.06 25.93 17.93 7.62 26.70 18.49 13.20 1.77}Ib/r
% change from bare engine .87 -1.66 -3.32 0.84 -0.41 Q.40 0.28 10.30f  -0.71AVE CHANGE
8 PetroSA Fischer-Tropsch Syn. 30.43 22.88 15.89 6.97 22.83 16.87 11.54 1.42}|b/hr
% change frem bare engine 1.73 246 3.19 0.07 2.83 1.99 2.70 3.08 2,1|AVE CHANGE

*B50. b0/50 Mix of Stepan SB-W and Highway ULSD

FUEL RATE

**mode 8 discounted in average change

FUEL-TESTING-SUMMARY-2 xs



MSHA ACC DIESEL LAB

Fuel Testing Fuel Rate Bare Engine
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MSHA ACC DIESEL LAB

Fuel Testing Fuel Rate Engine + DOC
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Fuel Test Data on Isuzu 4JT1T Engine

Fuel: B50: 50/50 Mix of Stepan SB-W and Highway ULSD
Englne; Isuzu 4JG1T

DOC: ECS Purifier A16-0118

COMPANY NAME Isuzu

DATE

ENGINE MODEL Isuzu 4JG1T

GOMMENTS: AVERAGE DATA

TEST DATA / MODE NUMBER 10 20
RPM 2500.1 2600.1
TORQUE Ibft 174.86 130.00
HORSEPOWER 83.24 61.88
Barormelric Pressure INHG 28,85 28.86
Laminar flow air temp DEG F 59,92 80.22
Laminar flow diff pressure in. of H20 4,39 3.89
Laminar Fiow cfm 223.27 198.28
Altitudie Barrel Air (degF) n'a nfa
Alr Entering Manifold/Turbo (degF) 69.00 69,08
BoostAir In Manifold (degF) 305.80 247,65
Altitude Barrel Prassure {inHg)} 28.78 28,78
Altitude () 1071.14 1069.27
Intake AlR Consumplion lbs/hr 981.54 870.74
LAB FACTOR-NA 1.014 1.015
LAB FACTOR-TURBO 0.995 0.996
Intake Alr Temperature DEG F 69.00 69,05
TurboCharged Air TemperaturodeF nfa nfa
Turhocharged Air Pressure (psl) nja nia
Boost Air Ternp{@manifold} degF 305.80 247.65
Boost air Pressure (@manifold} psi 21.04 15,08
FUEL Temperature DEG F 93.72 94,16
FUEL Cunsumption ibs/r 35.06 25,93
DEW Polnt DEG F 47.85 48,09
Grains Water (H20) per Ib dry air 50.43 50,86
Qil Temperatura DEG F n/a n/a
Exhaust Temperature DEG F 920,48 776.60
FiINAL EXHAUST TEMP 428,31 732.08
Coalant Temperature N DEG F 168.50 160.22
Coolant Temperature QUT DEG F 181.25 170.83
Oil Pressure PS| nfa nia
{nlet Restriction ("H2C) 15.56 13.00
Exhaust Restriction {mmHg) 13.89 13.68
Exhaust Restriction (inH20) 7.44 7.32
EXHAUST FLOW LB/HR 1016.59 896.68
FUEL ZAIR RATIO 0.04 0.03
J CONVER 0.92 0.93
ECH4 % DRY nfa nia
C02 % DRY 7.57 6.31
CO PPM DRY 3.00 0.00
NOX PPM DRY 605.22 439.60
NO PPM DRY 534.94 368.03
NO2 PPM DRY 70.28 71.47
%02

NCWET 493.27 343.42
NO2 WET 64.81 66.69
CO2 WET 6,98 5.89
COWET 0.0003 0.0000
G 0.0012 0.0018
R -0.0022 -0.0025
HUMBSTEM CORR FACTOR 1.0485 1.0454
NO CORR 471.82 328.51
NO2 CORR 61,97 63.79
BAS EMISSIONS

NC GRMHR 22548 138.45
NO2 GR/HR 4532 41.18
C0O2 GRHR 48871,32 36385.24
COGRMR 1.23 0.00
VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm 4183 2568
NO2 CFM & ppm 2742 2491
CO2CFM 5000 ppm 3079 2292
COCFM 50 ppm 12 0
NOX ppm - wet EURQ, EPA, 180 558.1 410.1
NOX ppm{com} EURC,EPAISO §33.8 3823
NOX GRMR EURC, EPA, ISO 390.7 25833
NOX cfm EURD, EPA, ISC 47274 3064.3

PARTICULATE EMISSIONS

Modal Particulate emission {gr/hr)
welght factor

Welghted Particulate (grhr)

Weighted HP

Weighted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX {Pl) CFM

MSHA ACC DIESEL LAB

30
2499.9
87.49
4165
28.85
60.68
3.36
171.91
nfa
69.76
192.84
28.78
1072.71
7563.86
1016
0.997
89.75
nfa
n/a
192.84
9.59
94.18
17.93
48.14
51.00
ala
630,11
600,39
162,75
170,38
nia
10.4%
11.83
6.39
771.78
0.02
0.94
nfa
612
0.00
329.83
291.47
38.36

275.24
36.22
483
0.0000
0.0025
-0.0028
1.0477
262.72
34.67

95.32
19.22
25703.02
0,00

1768
1163
1619

[}

16
297.3
166.2
1999.2

PA

7. SUBPART E, CATEGORY B

4.0 5.0 60
2497.6 1800.1 1800.0
20.00 206.60 154.80
9.51 70.81 53.08
28.85 28.85 28.84
61,15 60,33 §0.63
273 2,63 PR ]
140.19 134,88 118.44
nia nfa nia
70.00 71.40 7250
13213 224.86 180.57
28,77 28.77 28,77
1077.07 1077.63 1079.71
613.82 592,16 518,36
1.016 1.018 1.020
0.998 1.002 1,606
70.00 71.40 72.50
nia na nla

nfa nia nfa
13213 224.85 180.57
3.84 12.42 2,08
93.66 93.50 92,94
7.62 26.70 19.49
48.31 48.02 48.20
§1.30 50.77 51,11
na nfa nfa
388.02 959.11 828.47
388.40 837.95 753.50
164.20 158.23 158.65
168.78 172.30 170.23
n/a na na
7.76 7.50 €.26
.45 1.7 11.87
5.06 5.27 6.35
621.44 618.79 538.84
0.01 0.08 0.04
0.97 0.90 0.92
nfa nfa n/a
270 9.47 7.91
6.00 0.00 0.00
12477 BT7.38 695.58
12180 764.23 539.02
-0.13 11315 156.56
117.69 681.27 485613
-0.12 102.35 14382
2.61 B8.56 7.27
0.0006 0.0000 0.0000
0.003% 0.0001 0.000%
-0.0033 -0.0018 -0.0021
1.0601 1.0436 1.0471
11208 £662.39 472.88
.12 98.07 137.35
3274 19268 118.76
-0.05 43,69 53.29
11161.90 3651210 26976.25
1.58 0.00 0.00
607 3574 2222

-3 2643 3224

T03 2300 1700

16 Q 0
117.6 793.6 638.9
1120 760.5 6§10.2
50.1 338.8 236.8
606.1 4099.2 2864.4

7.0

1799.8
102.64
3547
28.84
60,66
2.08
105.23
na
7250
141.42
28.77
1079.82
461.38
1.020
1.008
72.50
n/a
nia
141.42
4.65
92.49
13.20
48.06
50.84
nfa
§33.98
595.91
162,30
170.26
n/a
5.36
-10.64
5.69
a74.58
0.03
0.94
n/a
6.03

0.00

521.16
441.26

79.90

4121
T4.74
5.64
0.0000
0.0020
-0.0025
1.0525
392.14
.01

87.48
24.26
18435.54
0.00

1623
1468
1161

487.4
463.1
168.3
1915.0

B0
986.4
10.16

1.91
28.84
60.64

0.89
46.16

nfa
75.50
94,08
2877
1078.71
202,40
1.024
1.014
75.50
nfa

nfa
94,09

0.30
90.81

177
48.38
51.41

nfa
281.55
303.85
164.47
168.46
nia

2

7.89

422

204.16
0.0t

0.87

n/a

1.90
26.00

210.55
209.86
0.69

20407
0.67
1.85

0.0025

6.0043

-0.0034

1.0741

189.99
0.63

18.23
0.09
259884
2.26

338
&
164
22

204.7
190.6

280
339.0

BS0-DOC xIs



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER

TORQUE Ibft

HORSEPOWER

Barometric Pressure INHG
Laminar flow air tamp DEG F
Laminar flow diff p e in. of H2O
Larninar Flow cfim

Alfitude Barrel Air (degF)

Air Entering Manifold/Turbo (degF}
Boost/Air in Manifold (degF)
Altitude Barrel Pressure (inHg)
Altitude (ft)

Intake AlR Consumption ibsht
LAB FACTOR-NA

LAB FACTOR-TUREBO

Intake Air Tempersture DEG F
TurboCharged Air Temperaturedef
Turbocharged Air Pressure (ps))
Boost Air Temp{@manifold) degF
Boost air Pressure (@manifold} psi
FUEL Temparature DEG F

FUEL Cunsumption lhs/hr

DEW Polnt DEG F

Grains Water {H20) per Ib dry air
Cil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN CEG F
Coolant Temperature OUT DEG F
Qil Pressure PSI

Inlet Restriction {"H20)

Exhaust Restriction {mmHg)
Exhaust Restriction {inH2C)
EXHAUST FLOW LEHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

CO2% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NOZ2 PPM DRY

%02

NO WET

NC2 WET

COo2 WET

COWET

G

R

HUMBTEM CCRR FACTOR

NO CORR

NO2 CORR

GAS EMISSIONS

NO GRMHR

NQ2 GRMHR

£02 GRMHR

CQ GRMR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NG CFM 25 ppm
NO2 CFM 5 ppm
CO2CFM 5000 ppm
CQOCFM 50 ppm

NOX ppm - wet EURO, EPA, 1ISQ
NOX ppm(caim) EURQ,EPA,ISO
NOX GRMR EURQ, EPA, IS0
NOX cfm EURQ, EPA, IS0

PARTICUI MISSIONS
Modal Particulate emission {gr/hr)

weight factor

Welghted Particulate {grihr)

Welghted HP

Woelghted Averags HP

Weighted Average PARTICULATE

PARTICULATE INDEX (Pl) CFM

A1TI2008
Isuzu 4JG1T
B50 Bend of Stepan SB-W biodiesel and HWULSD, Engine with ECS DOC, gravimetric sample

MSHA ACC DIESEL LAB

1.0 2.0
2501.0 2501.1
176.4 130.2
84.0 62.0
28.86 28.86
§9.60 6971
4.41 3.88
224.44 198.30
na nfa
68.00 86.09
307.14 246.00
28.79 2879
1060 1056
987.90 872.62
1.013 1.014
0.993 0,993
68.00 68.09
n/a nfa
n/a nfa
307.14 245,00
21.31 15.07
93.06 93.27
3544 25.89
47.99 47.90
50.65 50.50
n/a nfa
925 568 77163
Q00 72458
169 160
182 17076563
nfa n/a
15.62 1297
12.03 12.18
6.44 6.52
1023.34 898.51
0.0358 0.0297
0.6218 0.5334
nia n/a
7.6 6.3
3.0 0.0
612.2 442.5
551.1 3716
61.1 70.9
508.0310  346.8305
56.3029 862183
7.0058 5.8819
0.0003 0.0000
0.0011 0.0018
-0.0022 -0.00256
1.0438 1.0446
4886028  332.0354
53.9381 63.3946
234.08 140.22
39.74 41.01
49393.95 36413.3%
1.24 0.00
4342 2601
2404 2481
Iz 2294
12 1]
564.33 413.06
540.63 395.43
398.34 255.81
4819 3085
11.30 8.52
0.15 015
1.7 128
12603 9.301
45543 HP
5.680 GR/HR

0.125 (GR/HP-HR)

33485.406

3.0
2500.5
90,1

429
28,86
60,15
339
173.13
nia
69.00
194.56
28.79
1056
760.72
1.014
0.995
£9.00
n/a
na
194.56
9.90
93.41%
18.40
48.17
51.00
nfa
636.23
603.73
162.5
170.25
nfa
1060
1082
583
779.12
0.0242
0.9436
nia
6.2
0.0
3388
2984
404

281.5595
361162

98.60
20.45
26338.31
0.0

1829
1237
1659

0

315.68

30871

17148
2075

5.44
015
0.32

6.434

PART

40
2498.8
201

&5
28.836
60.63
274
140.47
nia
69.00
134.50
28.7%
1083
616.27
1.015
0.995
69.00
na
nia
131.50
3.89
93.09
7.70
48.40
51.46
nia
388.00
388.27
164
168.51563
n/a
773
779
417
623.97
0.0125
0.9853
nfa
27
6.0
122.6
123.0
0.4

1187619
-0.3620
2.6064
0.0008
0.0029
-0.0033
1.0457
1135724
-0.351%

BN
D186
1120522
1468

618
-10
706

16

118.3%

113.22

50.87
815

3.94
010
038

0.954

BPARTE, C

S0
1799.9
208.3
70.7
28.88
60.26
2.63
134.99
n/a
71.00
22484
28.78
1065
592.90
1017
1.000
71.00
nfa
nfa
224.64
12.48
93.00
26.56
48.17
51.02
na
96205
847 30
159
17214063
nfa
7.49
10.21
547
619.47
0.0448
0.8050
n/a

95

6.0
889.6
777.8
111.8

703.8664
101.1838
5522
0.0000
0.0001
-0.0018
1.0432
£74.659%
96.9910

196.44
43.28
36501.74
0.00

3644
2617
2300

a

BO5.05

771589

344.19
4154

762
0.10
078

.07

RY B

6.0 70
1789.7 1799.1
154.7 1082
§3.0 36.0
28.86 28.85
60.20 60.30
2.1 206
11847 105.89
nfa nfa
72.00 72.00
180.28 142.38
2878 2878
1064 1067
520.46 464.26
1.018 1.019
1.004 1.004
72.00 72.00
nia nia

nia nia
180.2% 142,38
8.14 4.83
92.00 91.98
19.32 13.46
47.9% 4821
50.69 51.11
nfa nia
830.39 841.69
756.16 600.42
159.14063 182.35938
165.8125 170
na nfa
6§22 539
10.53 9.46
564 5.07
536,78 477.72
0.0374 ©.0280
0.9194 0.9345
n/a n/a

7.9 6.2

0.0 0.0
706.8 533.7
541.0 454,2
165.8 79.5
4974264 4244752
152 4445 74.2850
7.2602 57519
0.0000 0.0000
0.0010 0.0010
-0.0022 0.0025
1.0477 1.0508
ATATITI 404.0220
145.5032 70.7056
120.45 9074
56.55 2432
27082.87 1893228
.00 Q.00
2234 1683
3421 1471
1706 1193

0 L]
649,87 49876
620.28 47473
241.07 18329
2917 1876
4.55 252
0.10 0.10
0.46 025
£.302 3604

8.0
986.0
9.8

1.8
28.85
§1.13
0.89
46.19
nfa
75.00
92 50
2878
1070
202,30
1.023
1.012
75.00
nia
nia
92.50
0.31
88.52
1.70
48.35
51.36
nia
269.63
28977
164
167.92188
nfa
2.00
661
3.54
204.00
0.0084
09730
nta
1.9
47.0
212.0
2103
16

206.25

19232

28.25
342

0.25%
0%

027%

B50-DOC xls



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

TEST DATA / MODE NUMBER
RPM

TORQUE I1bft

HORSEPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar flow oiff pressure In. of H20
Laminar Flow cfr

Altitudle Barrel Air (degF)

Air Entenng Manifoid/Turbo (degF)
Boost/Air In Manifold {degF)
Altitude Barrel Pressune (inkg)
Altitucte ()

intake AIR Consumption ths/hr
LAB FACTOR-NA

LAB FACTOR-TURBO

Intake Air Temperature DEG F
TurboCharged Alr TemperaturedeF
Turbocharged Air Pressure {psi}
Boast Air Temp{@manifeld) degF
Boost air Pressure (@manifold) psi
FUEL Temperature DEG F

FUEL Cunsumption ths/hr

DEW Point DEG F

Grains Water (H20) per Ib dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Cooiant Terperature QUT DEG F
Qit Pressure PSI

Inlet Restriction ("H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH2()
EXHAUST FLOW LE/HR

FUEL /AIR RATIC

J CONVER

ECH4 % DRY

CO2 % DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NOZ PPM DRY

%02

NO WET

NO2 WET

co2 WET

CO WET

G

R

HUM&TEM CORR FACTOR

NO CCRR

NO2 CORR

GAS EMISSIONS

NO GR/HR

NO2 GRHR

CO2 GRHR

CO GRMHR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NO2 CFM Sppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURQ, EPA, IS0
NOX ppmicor} EURO,EPA,ISC
NOX GR/MR EUROQ, EPA, IS0
NOX cfm EURO, EPA, ISO

DPM EC/OC DATA
EC

TC

Isuzu 4JG1T
B50 Bend of Stepan 5B-W blodiesel and HWULSD, Engine with ECS DOGC, EC/OC sample

1.0
2499.2
1733

826
28.84
60,24
4.36
22210
nia
70.00
304.47
28.77
1082
975.18
1.016
0.997
70.00
nia
nfa
304.47
20.78
94.38
34.67
47.72
50.20
nia
§15.41
852.63
168
180.5
nla
1550
16.76
8.44
100985
0.0356
09225
nfa
7.5
3.0
§38.2
§18.7
79.5

478.5148
73.3158
6.8486
5.0003
0.0012
-0.0022
1.0472
456.9432
70.0108

21688
50.90
48348.68
122

4023
3079
3046

12

551.82

526.95

38214
4636

TWA (ug/m3)
TWA (ug/m3)
TWA (ug/m3)

14940
5977
20910

MSHA ACC DIESEL LAB

2.0
2499.2
129.8

61.8
28.84
60.74
3.89
198.26
nfa
70.00
249.30
28.76
1083
868.87
1.017
0.999
70.00
nfa
nfa
249,30
15.08
95.05
25.98
48.28
§1.22
wa
781.568
739.58
160.4375
170.89083
nia
13.03
16.18
8.13
834.85
0.0288
09328
n/a
6.3
0.0
436.5
364.5
720

340.0055
B7.1575
5.8072
0.06000
0.0018
-0.0026
1.0462
324.0755
64.1288

136.68
41.36
36369.18
0.00

2535
2502
229t

40718
389.18
2%0.73

18215
6913
25130

30
2499.3
84.9

404
28.84
61.22
334
170.69
nfa
70.50
191.13
28.76
1090
T46.99
1.017
1.000
70.50
nia
nia
181.13
9.27
94.92
17.45
48.12
51.00
nfa
623,98
597.05
163
1705
nfa
10.38
13.35
7.14
764.44
0.0234
0.9451
nfa
5.0
0.0
3.g
284.5
36.3

268.9120
34.3184
4.7504
0.0000
0.0028
-0.0028
1.0497
256.1798
32.6935

92.04
17.99
25087.73
0.00

1707
1088
1579

303.23
288.87
159.00

9723
6415
16138

7

4.0
2496.4
19.8
9.5
28.34
61.67
273
139.90
nfa
71.0¢
132.7%
28.78
10919
£§11.37
1.018
1.001
71.00
nia

na
132,75
3.80
94.22
7.53
48,21
51.14
nia
388.03
388.53
164 40625
16904688
nfa
7.79
11.1%
595
618.90
0.0123
0.8657
na

27

6.0
1209
1208
01

116.6267
0.1207
2.6074
0.0006
0.0038

-0.0033
1.0545
$10.5984
0.1145

z7
0.05
11118.58
1.57

597

T00
16

116.75
1o

49.34
597

7617
5873
13583

BPARTE, CA’

5.0
1800.3
206.9

70.9
28,83
60,39
2,63
134.78
nia
71.80
22506
2878
1090
591.28
1.018
1.003
71.80
nia

n/a
225.06
12.36
94.00
26.83
47.88
£0.51
nia
958.17
833.59
159 46875
172.46875
nfa
7.50
1321
7.07
51812
0.0454
0.9040
nia

9.5

0.0
865.2
750.7
114.5

678.6738
103.5134
8.5757
0.0000
0.0000
-0.0018
1.0440
B50.0804
98.1522

2128%
5657
26947

RY B
8.0 10
1800.3 1800.4
154.9 100.1
53.1 343
28.83 28.83
61.05 60.52
2.30 2.03
118.40 104.56
nia nfa
73.00 73.00
180.88 14047
2875 2875
1065 1083
518.26 458.50
1.021 1.021
1.008 1.007
73.00 73.00
nia nia
nia nia
180.86 140.47
8.04 4.47
93.88 93.00
19.66 1294
48.40 47.91
51.53 50.57
na n/a
826 55 626.27
750.84 581.41
160.15625 163.43758
170.65625 170.51663
wa na
630 5.34
13.20 11.81
707 6.32
537.91 471.44
0.087% 0.0282
09177 0.9361
n/a nfa
79 59
0.0 0.0
684.3 508.6
5§37.0 428.3
147.3 803
492.8352 4009358
135.4928 75.1855
72409 5.5229
0.0000 0.0000
0.0009 0.0020
-0.0021 -0.0026
1.0464 1.0544
4700814  380.2539
1241670 71.3071
118.07 84.26
50.04 24.20
2686983 1783961
0.00 Q.00
2209 1563
3027 1464
1693 1130
Q 0
628.03 476.12
600.18 451.56
23245 153.28
2812 1854
i4161 6910
5084 4577
19245 11487

80
986.8
105

20
28.83
8015
0.89
46.13
nfa
76.00
9567
28,76
1087
202,49
1.025
1.016
76,00
nfa
nfa
95,67
0.30
91.70
1.84
48.38
51.47
na
293.58
317.94
164.9375
189
nfa
203
916
4.80
204.32
0.0091
08717
nia
1%
50
209.1
209.4
£3

203.4665
-0.2420
1.8483
0.0005
0.0042
-0.0034
10758
189.1322
-0.2258

18.16
-0.03
2589.15
043

337
-2
164

203.22
188.91

21.7%
3%

2605
1298

B50-DOC xIs



MSHA ACC DIESEL LAB

Fuel Test Data on Isuzu 4JT1T Engine

Fuel: B50: 50/50 Mix of Stepan SB-W and Highway ULSD

Englne: Isuzu 4JG1T

DOoC: NONE

COMPANY NAME lsuzu PART 7, SUBPART E, CATEGORY B

DATE

ENGINE MODEL Isuzu 4JG1T

COMMENTS: AVERAGE DATA

TEST DATA / MODE NUMBER 1.0 20 3.0 40 5.0 6.0 70 8.0

RPM 2499.2 249%.0 24983 24976 1800.4 1800.1 1800.2 287.3
TORQUE ibft 176.15 132.28 89.81 20.04 207.76 164.94 104.95 10.10
HORSEPOWER 83.82 6294 42.74 9.53 71.22 53.10 36.97 1.90
Barometric Pressure INHG 28.87 26.87 28.86 28.86 28.86 28.86 2B.86 28.85
Laminar fiow ar temp DEG F 60.21 60.30 B0.33 60.43 60.41 £§0.12 60.09 60,20
Laminar flow difYf pressure in. of H20 4.37 3.89 337 272 265 23 205 0.88
Laminar Flow cfm 22275 198.54 172.38 139.47 136.03 118.88 1056.48 45,68
Altitucte Barrel Air {degF) nta nfa n/a nia nia nia n/a nta
Air Entering Manifold/Turbo (degF) 68.08 68.98 69.25 £8.65 70.00 71.44 70.76 73.50
Boost/Air in Manifold (degF) 308.83 25211 196.01 132,12 226.58 178.73 140.65 91.6%
Altitude Barrel Pressure (inHg) 28.86 28.56 28.86 28.85 28.8% 28.84 28.84 28.84
Aftitude (ft) 990.45 992.29 997.01 1003.07 100314 1006.90 1007.38 1010.98
intake AIR Censumption ibshr 979.65 87279 757.67 612.79 597,66 522,80 463,90 200.77
LAB FACTOR-NA 1.012 1.013 1.014 1.013 1,018 1.017 1.016 1.020
LAB FACTOR-TURBO 0.992 0.994 0,995 0.994 0.997 1.001 1.000 1.007
Imtake Air Temperature DEG F 68,08 68.98 69.25 £8.65 70,00 71.44 70.75 73.50
TurboCharged Air Tempearaturedef n/a nia nia nfa nfa nfa n/a nfa
Turbocharged Air Pressure (psi) n/a n/a nfa na nfa nia nfa nia
Boost Air Temp{@manifold) degF 368,23 252,31 196.01 13212 226,58 179.73 140,65 91.69
Boost air Pressure (dmanifold) psi 21.43 15.63 9,93 3.93 1277 8.25 4.78 0.27
FUEL Temperature DEG F 92,53 92.56 93.44 92.88 92.08 91.49 90.80 28.88
FUEL Cunsumption Ibs/hr 35,36 26,37 18,54 7.55 26.81 19.47 13.16 1.60
DEW Paint DEG F 46,55 46.75 46,50 46.58 46,70 46.46 46.44 48.57
Grains Water (H20) per Ib dry air 47.98 48.35 47.28 48.02 48.21 47.83 A7.75 4305
Qil Temparature DEG F na na na nfa nfa nfa nfa na
Exhaust Temperature DEG F §917.34 776,58 635.87 394.02 950.98 816,16 640.61 282.81
FINAL EXHAUST TEMP 224.96 71519 590.29 3g8.42 801.01 715.00 580.62 295,82
Cogclant Temperature IN DEG F 168.62 160.80 16117 162.74 187.73 158.70 160.56 160.08
Coolant Temperature QUT DEG F 180.99 171.28 169.27 167.20 171.05 169.46 168.23 164,10
Qil Pressure PS| nfa nia ra nf nfa n/a nia n/a
inlet Restriction ("H2C) 15.81 13.26 10.68 7.81 7.62 6.32 5.42 2.0
Exhaust Restriction {mmHg) 2.85 3.20 281 1.88 2.62 2,75 2.57 0.88
Exhaust Resfriction (inHz2O) 1.52 1.7 1.50 0.83 1.40 147 1.38 0.47
EXHALUST FLOW LB/HR 1015.02 899.16 776.21 620.34 624,46 542,28 477.06 202.37
FUEL /AIR RATIO 0.04 0.03 0.02 0.01 0.04 0.04 0.03 0.01
J CONVER 0.92 0.83 0.94 0.97 oM 0.92 0.94 0.97
ECH4 % DRY nia nfa n/a n/a nfa nfa nia nfa
C02 % DRY 7.50 6.26 510 2.63 8.35 7.80 6.06 1.81
CO PPM DRY 115.03 86.14 70.23 135.32 86.09 65.68 62.34 117.54
NOX PPM DRY 651.47 489.75 359.60 12377 873.32 791.35 §90.33 203.73
NO PPM DRY 620.70 466.78 336.03 105.40 937.76 757.84 559.81 177.49
NO2 FPM DRY 30.77 22.96 23.57 15.37 35.56 33.51 30.52 26.25
%02

NOWET 57225 435.44 N7 104,76 849.15 697.08 52422 172.96
NO2 WET 28.37 21.42 22.24 14,85 3219 3081 28.68 25.58
CO2 WET L3 5.84 482 2.54 8.47 718 567 1.76
COWET 0.010% 0.0080 0.0066 0.0131 0.0078 90,0060 0.0058 0.0115
G 0.0011 0.0018 0.0025 0.0039% 0.001 0,0010 0.0020 0.0044
R -0.0022 -0,0025 -0.0027 -0.0033 .0.0018 -0.0022 +0.0026 -0.0034
HUM&TEM CORR FACTOR 1.0499 1,0515 1.0548 1.0588 1.0483 1.0633 1.0570 1.0776
NC CORR £45.06 414.14 300.65 99.24 B10.06 661.80 49595 160.50
NQ2 CCRR 27.02 20.37 21.09 14.07 3071 29.26 27.04 23.73
GAS EMISSIONS

NO GRHR 260.03 175.05 109.68 28.93 237.7% 168.69 111.20 15.27
NO2 GR/HR 19.74 13.18 11.78 6.29 13.76 11.3% 9.28 346
CO2 GRMHR 48341.96 36168.07 2676545  10342.00 36426 12 26809.18 18645.03 24584.28
CO GRMHR 48.38 31.658 22.53 35.83 21.32 14.35 12.20 10.14

VENTILLATION RATES
PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm 4823 3247 2035 537 4410 3128 2063 283
NO2 CFM §ppm 1194 797 713 ase 833 629 661 209
CC2 CFM 5000 ppm 3046 2273 1623 683 22958 1689 1178 155
CQOCFM 50 ppm 481 315 224 353 212 143 121 101
NOX ppm -wet EURQ, EPA, IS0 600.6 456.9 339.4 1196 8813 7278 £52.8 198.5
NOX ppm(corr) EUROQ.EPA,IS0 5721 434.5 g 1133 B840.8 6911 6§23.0 184.2
NOX GRHR EURQ, EPA, ISO 4181 2813 179.8 50.6 378.0 2698 173.6 6.8
NOX cfm EURQC, EPA, IS0 5058.2 3403.7 2176.5 £§123 45729 3264.2 21733 3248

PARTICULATE EMISSIONS

Modal Particulate emission (gr/hr}
waight factor

Weighted Particulate (grihr}

Welghted HP

Welghted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX (PI) CFM

B50-NDOC xls



MSHA ACC DIESEL LAB

COMPANY NAME tsuzu PART 7, SUBPARTE, CATEGORY B

DATE 9/16/2008

ENGINE MODEL Isuzu 4JG1T

COMMENTS: B50 Bend of Stepan SB-W biodiesel and HWULSD, Engine Only, gravimetric sample

TEST DATA F MCDE NUMBER 10 20 3.0 40 5.0 60 70 8.0

RPM 24988 2488.5 2498.7 2496.2 1800.4 1300.2 1800.2 986.4
TORQUE ibft 176.7 135.0 29.7 201 208.4 154.8 105.0 87
HORSEPOWER 84,1 64.2 427 9.6 71.4 531 38.0 1.8

Barometric Pressura INHG 28.89 28.88 28,88 28.88 28.88 28.87 28.87 268.86
Laminar fiow air temp DEG F 60,48 60.73 60,76 60.74 60.45 60.14 60.08 60.08
Laminar flow diff pressure in. of H20Q 438 3902 3,36 27 2.62 2,29 2.02 0.86
Laminar Flow cfim 223,03 20019 171.88 138.86 134,58 117.43 104.18 44.55
Altitudle Barrel Air {degF) nfa nfa nia nfa nia nia n/a nfa
Air Entering Manifold/Turbo (degf) 88.16 £9.00 70.00 69.00 70.00 71.00 70.80 73.00
Boost/Air In Manifold (degF) 310.03 255.75 186.42 132.38 227.66 179.50 140.48 90.95
Altitudle Barrel Pressure (inHg) 28.88 2887 28.87 2887 28.87 28.86 28.86 2885
Aititude (i} a77 878 985 886 984 9862 995 1000
intake AIR Consumption ths/hr 980.51 879.32 754,88 609,92 §91.51 516.64 458.34 1956.98
LAB FACTOR-NA 1.012 1.013 1.014 1.013 1.015 1.016 1.018 1.018
LAE FACTOR-TURBO 0.992 0.994 0.996 0.994 0.998 1.000 0.999 1.005
intake Air Temperature DEG F 63.1¢ 69.00 70.00 £8.00 70.00 71.00 70.50 73.00
TurboCharged Air Temperatureder nia a n/a n/a nfa nia nfa nia
Turbocharged Air Pressure (psi} - nia nfa nia n/a nia nia n/a nfa
Boost Alr Temp{@manifoid) degF 310.03 256.75 196.42 132.38 227.66 179.50 140.48 90.95
Boost air Pressure {@manifoid) psi 21.53 15.99 9.92 393 12.82 8.28 4,77 0.30
FUEL Temperature DEG F 92.23 92.00 92.98 92.77 91.55 90.98 90,00 £8.39
FUEL Cunsumption [bs/hr 35.43 26.92 18.59 7.68 26.82 19.58 13.28 1.65
DEW Polnt DEG F 46.94 46.90 46.60 46.65 46.79 46.48 46,50 46.50
Grains Water (H20) per Ib dry air 48.64 48.61 48.04 48.11 48.38 47.85 47.83 47.93
Qil Temperatura CEG F n/a nfa nfa nia nfa nfa n/a nia
Exhaust Temperature DEG F 921.¢1 783.52 638.97 39411 05741 81528 64003 283.56
FINAL EXHAUST TEMP 53233 721.25 59294 386842 81188 716.05 580.09 29591
Coolant Temperature IN DEG F 170 1608125 160.34375 16148438 15846875 157.10938 159.54686 158.34375
Coolant Temperature OUT DEG F 182.35838 171 39083 168.546875 166 172 167.96875 187 162.78125
Qil Prassure PS| nfa n/a nfa nia na nia nfa nfa
inlet Restriction ("H2C) 1582 13.40 10.64 7.79 7B2 6.35 541 198
Exhaust Restriction (mrmHg) 277 290 301 180 260 221 178 0.00
Exhaust Restriction {(inH20) 1.48 1.58 161 0.85 1.39 1.18 0.8 0.00
EXHAUST FLOW LB/HR 1015.94 906.24 77348 61760 61832 538.21 471.59 197.83
FUEL /AIR RATIO 0.0361 0.0308 00246 00126  0.0453 00379 0.0289 0.0084
JCONVER 05217 0.8321 0.9434 0.9659 0.9046 0.9186 0.9354 0.9737
ECH4 % DRY nia nia nfa n/a nia nfa n/a nfa
CO2 % DRY 75 6.3 51 2.7 84 7.8 6.1 18
CO PPM DRY 120.2 28.2 7.8 1353 87.9 685.2 83.0 1229
NOX PPM DRY 662.2 496.3 360.2 125.2 988.3 795.7 5920 2028
NO PPM DRY 6236 476.1 337.2 110.3 941.3 7524 £59.2 175.8
NO2 PPM DRY 286 201 23.0 14.9 47.0 433 328 270
%02

NO WET 574.7404 4437026 381070 1065214 8514862  691.2061  522.0880 1711416
NO2 WET 26,3818 18,7781 21 6563 14.3765 424987 39.7588 306784 26.3150
CO2 WET 89130 5.8866 48171 2.5596 85031 7.1666 56414 17568
COWET 0.0111 0.0082 0.0068 0.0131 0.0080 0.0060 0.005% 0.0120
G 0.0011 0.0017 0.0024 0.0038 0.0000 0.0009 0.001% 00043
R 0.0022 0.0025 -0.0027 -0.0022 0018 0.0024 0.0025 0.0034
HUM&TEM CCRR FACTOR 1.0485 1.0807 1.0561 1.0566 1.0478 1.0526 1.0560 1.0756
NO CORR 5451884 4223632 3013977 1008190 8126086 6567389 4963466 1561191

NC2 CCRR 251627 17.8714 20.5051 13.6069 40.5592 37.7762 29.0508 24.4564
GAS EMISSIONS

NO GR/HR 261.76 179.80 109.50 29.26 236.16 166.51 108.79 14.78
NO2 GR/HR 18.41 11.66 11.42 6.05 18.06 14.58 9.9 3.48
C02 GRMHR 48389.94 35755.63 2567152 1089171 3622582 26477.21 1846273 2304.86
CO GRHR 4929 3264 22.94 35.35 21.54 14.07 1217 10.36

VENTILLATION RATES
PART 7, SUBPART E GATEGORY B

NO CFM 25 ppm 4356 3337 2031 543 4381 3070 2037 274
NO2 CFM 5 ppm 1113 705 691 366 1092 882 597 211
CO02 CFM 5000 ppm 3049 2316 1617 686 2282 1668 1165 151
CCCFM 50 ppm 430 324 228 381 214 140 121 163
NOX ppm -wet EURO, EPA, I1SO 80113 462.57 330.76 120.90 283.96 730.98 £53.78 157.48
NOX ppm(corr} EURC,EPA ISO 57335 44023 321.70 114.43 85317 854.52 524.40 183.59
NOX GRMHR EUROD, EPA, 18C 41939 287.25 179.96 50.38 379.83 268.13 178.06 26.12
NOX cfm EURO, EPA, 150 5074 4TS 2168 616 4585 3244 2154 38
PARTICULATE EMISSIONS
Modal Particulate amission {grihr} 12.85 11.95 B68 7.00 835 B5.16 458 0.9%

welght factor 018 015 018 010 010 010 a10 0.5
Weighted Particulate (grihr) 192 179 1.30 o.70 0.83 062 0.46 0.15
Welghted HP 12609 9.637 6400 0.557 7.142 5.307 3.599 0.274
Welghted Average HP 45626 HP
Weighted Average PARTICULATE 7.778 GR/HR

0.168 (GR/HP-HR)

PARTICULATE INDEX {Pl) CFM 4577.630

B50-NDOC xls



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER
RPM

TORQUE ibft

HORSEFPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar flow diff pressure In, of H20
Laminar Flow cfm

Altitude Barrel Air (degF)

Air Entering Manifold/Turbe (degF)
Boost/Air in Manifold (degF)
Altitude Barrel Prassure (inHg)
Altitude ()

Intake AR Consumption ibs/hr
LAB FACTOR-NA

LAB FACTOR-TURBG

intake Alr Temperatiure DEG F
TurboCharged Alr TemperaturedeF
Turbocharged Alr Pressure (psi}
Boost Air Temp({@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperature DEG F

FUEL Cunsumption ibsMhr

DEW Point DEG F

Grains Water (H20) per Ib dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coalant Temperature QUT DEG F
Oil Pressure PSI

Inlet Restriction {*H2C)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20Q)
EXHAUST FLOW LB/HR

FUEL /AIR RATIC

JCONVER

ECH4 % DRY

C02% DRY

CO PPM DRY

NOX PPM DRY

NC PPM DRY

NOZ PPM DRY

%02

NO WET

NO2 WET

CO2WET

CO WET

G

R

HUMSTEM CORR FACTOR

NO CORR

NO2 CORR

GAS EMISSIONS

NO GRHR

NO2 GR/MHR

CO2 GRHR

CO GRMHR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NQ CFM 25 ppm
NO2 CFM 5 ppm
CO2CFM 5008 ppm
COCFM 50 ppm

NOX ppm - wat EURO, EPA, 180
NGX ppm(carr) EURO.EPA,ISO
NOX GRMR EURC, EPA, ISO
NOX ofm EUROQ, EPA, iSC

DPM ECIOC DATA
EC

TC

Isuzu 4JG1T
B50 Band of Stepan SB-W blodlesel and HWULSD, Engine Only, EC/OC sample

10
2499.7
1756

83.6
28,86
59.93
437
222,47
nia
68.00
307.63
28.85
1004
978.79
1.013
0.992
68.00
nia
nfa
307.83
21.33
92,83
35.30
46.16
47.26
nia
912,77
817.59
167.04688
179.625
nia
15.80
293
1.67
1014.09
0.0381
0.9222
na
7.5
1169
&50.8
§17.9
329

569.7555
30.3505
69118
0.0107
0.0011
-0.0022
1.0513
4419323
28 8684

256.30
21.08
48293.98
47 .47

4T
1275
3043

472

600.11

§70.80

41677
5042

TWA (Ugim3)
TWA (ug/ima)
TWA (ugim3)

14096
12374
26470

MSHA ACC DIESEL LAB

20
2498.5
129.5

616
28.86
59.87
3.86
196.80
néa
68895
248.88
28.85
1006
866.26
1.014
0.994
68.95
n/a
nfa
248.88
15.27
93.13
25.83
46.60
48.08
n/a
76964
70913
160.75688
171.17188
nia
13.12
3.50
1.87
892.08
0.0288
0.9337
nia
6.2
841
483.2
457.4
258

427.0887
24.0713
5.7888
0.0078
0.0018
-0.0025
1.0822
4059143
228779

170.19
1488
35580.51
30.67

3157
889
2242
305

451.18

428.79

27541
3332

14681
14089
28770

30
2499.8
89.9

428
28.85
5.1
3.38
172.87
n'a
6850
195.69
2684
1009
7160.46
1.013
0.993
68.50
n/a
nia
195.58
9.9
93.89
18.4%
46.40
47.73
nia
634.77
587.64
162
170
nia
10.71
2.80
1.38
77885
00243
0.9440
nia
51
88.7
159.0
334.9
242

HE1128

109.67
12.16
25839.38
2212

2038
735
1628
220

338.94
a7
180 46
2183

8603
14668
23271

RT7,

PART E, CATEGORY

40 5.0
24989 1800.4
18.9 207.2
9.5 7.0
28.84 28.85
60.11 60.33
273 268
140.07 137.48
nia n/a
88.30 70.00
131.86 225,50
28.83 2883
1021 1023
615.85 603.80
1.014 1.015
0.994 0.997
68.30 70.00
nia nia
nia nia
131.86 225.50
3.94 12.73
93.00 92.61
7.43 26.80
46.50 46.60
47.94 48.07
nia nfa
39392 944.55
388 42 780.03
164 157
168.39063 170.08375
nfa nfa
7.82 7.62
1.50 2864
0.80 1.42
623.08 63060
0.0121 0.0444
0.9669 0.9064
nia nia
26 9.3
1352 84.3
122.4 958.4
106.5 934.2
15.9 241
102.9951  B4G.834L
15.3283 21.8763
25139 8.4299
0.0131 0.0076
0.0039 0.0002
00033 -0.0018
1.0545 1.0487
97.6691 807.5201
14.5356 20.8607
2860 239.33
6.52 9.47
1079228 36626.41
35.71 21.10
531 4440
394 573
680 2307
358 210
£18.32 868.71
11220 828.38
50.34 376.41
809 4530
8452 17302
14807 13744
23259 31045

6.0
1800.1
1565.0

53.1
28.85
60.10
2.34
120.33
nia
71.88
17997
2883
1022
528.97
1.017
1.002
71.88
nfa
nfa

179.97
8.21
92.00
19.37
46.43
47.80
nia
817.03
713.895

7.0
1800.1
104.9

369
28.85
60.10
2.08
106.7¢
nia
71.00
140.81
2883
1020
469.46
1.017
1.001
74.00
nia
nfa
140.81
4.78
91.59
15.07
46.37
47.66
nia
641.19
581.14

160.29688 161.57813
170.95313 169.45313

nfa
6.30
3.30
1.76
548.34
0.0366
0.9210
nfa

7.8
66.1
787.0
763.2
237

702.8561
21.8567
T1839
0.0061
0.001%
-0.0022
1.0841
566.6863
20.7343

171.86
8.19
27141.09
1483

3188
495
1710
145

T24.B1

687.59

148
3284

14494
15724
28225

nta
542
336
180
482.53
0.0278
0.9374
nfa

8.0
81.7
588.8
560.4
282

525.3415
26.4799
5.8540
0.0058
0.0021
-0.0026
1.0580
496.5525
25.0288

112.61
8.70
18797.33
12.23

2088
526
1184
122

651.82

521.58

121.21
2192

6396
15885
22281

8.0
988.1
10.5

2.0
28.84
60.32
0.90
46.81
nia
74.00
92.42
28.83
1022
205.55
1.021
1.009
74.00
nia
nfa
92.42
0.24
89.36
1.5%
46.64
48.18
nia
28166
29573
1618125
18542188
nia
201
175
094
207.11
0.0076
0.8753
nfa
1.8
112.2
204.7
173.2
255

174.7868
24,8359
1.7616
0.0109
0.0044
-0.0035
1.0797
161.8806
23.0020

15.76
3.43
261371
9.93

292
207
158

98

19062
184 .88
2757
334

10437
11163

B50-NDQC xIs



Fuel Test Data on Isuzu 4JT1T Engine

Fuel: 2005 spec LSD Certified
Engins: Isuzu 4JG1T

DOC: ECS Purifier A16-0119
COMPANY NAME Isuzu

DATE

ENGINE MODEL Ilsuzu 4JGI1T
COMMENTS: AVERAGE DATA

TEST DATA { MOCE NUMBER

RPM

TORGQUE Ibft

HORSEPOWER

Baromelric Pressure INHG

Laminar flow air temp DEG F

Laminar flow diff pressure in. of H20
Laminar Flow cfm

Altitude Barrel Air (degF)

Air Entering Manifold/Turbo (degF)
Boost/Air in Manifeid (degF)
Altitude Barrel Pressure (inHg}
Altitude (ff)

Intake AIR Consumption ibs/hr
LAB FACTOR-NA

LAB FACTOR-TURBO

tmtake Alr Temperature DEG F
TurboCharged Alr Temperatureder
Turbocharged Air Pressure (ps))
Boost Air Temp{@menifold) degF
Boost air Prassure (@manifold) psi
FUEL Temperature DEG F

FUEL Cunsumption ibs/hr

DEW Polnt DEG F

Grains Water (H20) per Ib dry &ir
Oil Temparature DEG F

Exhaust Tamperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Temperature OUT DEG F
Qil Pressure PS|

inlet Restriction ("H20)

Exhaust Restriction (mrmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LAMR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

Cc02% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NQ2 PPM ORY

%02

NOWET

NO2 WET

CQO2 WET

COWET

G

R

HUM&TEM CORR FACTOR

NQ CCRR

NQ2 CORR

GAS EMISSIONS

NC GRHR

NO2 GRHR

CO2 GRHR

COGRMR

VENTILLATION RATES

PART 7, SUBFPARY E CATEGORY B

NO CFM 25 ppm
NOZ CFM 5 ppm
CO2CFM 5000 ppm
CCCFM 50 ppm

NOX ppm - wet EURO, EPA, 1SO
NOX ppra(cor) EURQ EPA,ISC
NOX GRHR EURO, EPA, IS0
NOX ofm EURO, EPA, ISO

PARTICULATE EMISSIONS

Modal Particulate emisslon (grinr)
weight factor

Woelghted Particulate {gr/hr}

Welghted HP

Weilghted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX (P} CFM

1.0
2500.2
175,77

83.68
28.76
61.69
439
223.31
na
73.18
315.99
28.68
1161.08
970.60
1.027
1.012
73,19
nfa

nia
315.99
21.41
95.36
33.66
53.41
62.36
nia
950.48
891.52
168.00
172.00
nia
15.56
21.66
11.60
1004,27
0.03
0.92
nia
7.80
3.00
627.31
659.78
67.54

515.77
62.24
719
0.0003
0.0013
-0.0023
1.0233
503.79
60.75

237.30
43.92
49730.22
1.22

411
2657
3133

12

§78.0
564.5
408.2
4938.7

20
2500.3
132.46

63.06
28,75
62.68
3.94
201.18
nia
74.20
261.23
28.68
1159.47
871.37
1.028
1.014
74.20
nia

n/a
261.23

15.82
95.34
25.38
54.47
84.78
nia
310.70
772.38
160.00
170.88
nia
13.16
16.32
8.74
896.75
0.03
0.93
nia
6,53
0.00
461.57
399.50
6207

372.04
£7.81
&.08
0.0000
0.0019
-0.0025
1.0203
364.63
56.68

163.869
36.58
37583.96
0.00

2851
2213
2368

429.8
421.3
272.0
3291.0

MSHA ACC DIESEL LAB

20
2499.8
90.08
42.88
28.76
62,20
3.40
173.91
nfa
74.00
202,68
28.68
1158.29
754.45
1.028
1.014
74.00
nfa
nia
202.68
10.01
94.76
17.64
54.08
63.87
n/a
656.01
629.68
162.22
170.25
nfia
10.55
10.94
5.86
72.08
4.02
0.94
nfa
5.30
0.00
355.18
329.87
25.32

310.81
23.86
4.99
0.0000
0.0026
-0.0028
1.0231
30381
23.29

110.28
12.95
26545.83
Q.00

2045
783
1672
4]

3347
327
181.8
2200.0

4.0
2499.4
19.98
9.51
28.76
62.46
275
140.7¢
n/a
74.00
13743
28.63

1156.95

610.24
1.028
1.014
74,00

n/a
n/a
137.43
3.92
84,11
7.24
54.18
64.07
nfa

396.00

397.89

164.56

169.45

nfa
7.81
5.34
313
617.48
.01
0.96
n/a
278

113.44

13318

124.21

-1.03

129.34
<0.99
2.65
0.0109
0.0039
-0.0033
1.0240
126.31
-0.97

36.66
-0.43

11275604

29.56

680

28
710
294

128.4
1253

55.7
8741

5.0
1800.1
207.98

71.28
2876
6219
265
135.90
nia
75.96
236.38
28.69
1154.69
589.84
1.030
1.019
75.96
nia

nfa
236.38
13.03
93.78
25.83
53.53
62.59
nia
995.93
875.17
156,01
169,95
n‘a
7.68
10.55
5.65
615.67
0.04
0.90
nia
9.83
0.00
1011
828.56
81.55

T49.31
73.75
.89
0.0000
0.0002
-0.0019
1.0230
T32.41
T2.08

211.93
31.95
37690.64
0.00

3931
1923
2375

0

825.1
804.5
386.6
4314.5

PARY 7, SUBPART E, CATEGORY B

60
1800.1
165.09

53.16
28.76
62,62
232
119.11
nfa
77.50
187.82
28.68
1188.47
516.31
1.032
1.023
77.60
nia

nfa
187.82
8.37
93.74
18.86
53.46
62.41
nfa
848.24
77414
158.88
169.88
n/a
6.37
9.05
4,84
535.16
0.04
0.92
nia
8.19
0.00
728.7%
602,18
126.61

5§52.81
116.23
7.52
0.000¢
0.0011
-0.0022
1.0281
537.65
113.08

135.22
43.58
27711.02
0.00

2508
2636
1746

0

669.0
660.7
250.7
3033.5

70
1800.0
105.11

36.03
28.76
62,356
2.06
105.71
nfa
77.50
148.75
28.68
1159.88
458.84
1.031
1.023
77.50

n/a

nfa
148.75

491
93.48
1284
62.36
§9.89
nfa
661.69
624.71
161.25
16424
n/a
5.42
5.64
3.02
471.67
0.03
0.93
nia
6,30
0.00
568.45
499.13
69.23

466.49
64.74
5.89
0.0000
6.0021
-0.0026
1.0398
448.61
62.26

99.45
21.14
19128.31
0.00

1845
1279
1205

1]

531.2
510.9
1735
2099.0

840
991.7
7.83
1.48
28,75
61.41
0.89
46.21
n/a
80.84
98.10
28.68
1158.38
201.18
1.036
1.082
80.84
nfa
nia
98.10
0.30
92.18
1.55
51.63
58.26
nia
264.43
296.11
165.00
168.24
nfa
2.06
1.3
6.70
202.73
0.01
0.97
nfa
1.80
85.66
206.63
205.96
.66

200.36
0.85
175

0.0083

0.0044

-0.0035

1.0743

186.41
0.60

17.76
0.08
2445.84
7.40

329
5
154
T4

201.0
187.0

273
3303

CERTLSD-DOC xls



MSHA ACC DIESEL LAB

COMPANY NAME Isuzu
DATE 8/18/2008
ENGINE MODEL Isuzu 4JG1T
COMMENTS: Certified 2005 spec. LSD Test fuel; Englne + ECS Purifler DOC
TEST DATA f MCDE NUMBER 1.0 20 30
RPM 2500.3 2500.6 2500.2
TORQUE ibft 176.0 130.1 89.9
HORSEFPOWER 83.8 619 42.8
Barometric Pressure INHG 28.78 28.76 28.76
Laminar flow air temp DEG F 61.98 62.58 B2.50
Laminar fow diff pressure in. of H20 4.40 3.9t 341
Laminar Flow ¢fm 223.82 199.70 174.36
Alfitude Barmel Air (dogF) nia n/a nia
Air Entering Manifold/Turbo (degF) 73.00 74.00 74.00
Boost/&ur In Manifold (degF) 318.98 25722 202.64
Aititude Barrel Pressure (inHg) 28.60 2889 28.65
Aitituda () 1154 1186 1148
intake AIR Consumption lbs/ir 971.80 864.833 758.26
LAB FACTOR-NA 1.027 1.028 1.028
LAB FACTOR-TURBO 1.012 1.014 1.014
intake Air Temperature DEG F 73.00 74.00 74.00
TurboCharged Air TemperaturedeF nfa nia nia
Turbocharged Air Pressure (psi nia n/a n/a
Boost Alr Temp{@manifold) degF 316.98 28722 202.64
Boast alr Pressure {@manifold) psi 21.81 15.46 10.04
FUEL Temperature DEG F 95.3% 95.19 94.38
FUEL Cunsumption lbs/hr 33.91 24.80 17.64
DEW Point DEG F 66.08 55.50 55.69
Grains Water (H20) per ib dry air 66.11 67.24 67.62
Qil Temperatura DEG F na nfa n/a
Exhaust Temparature DEG £ 954.28 302 94 655.36
FINAL EXHAUST TEMF 89592 766.08 629.05
Coolant Temperature IN DEG F 158 160 182
Coelant Temperature QUT DEG F 172 170.79688 170
Qil Pressure PS! nfa nfa nfa
Inlet Restriction {*H20} 15.56 12.94 10.54
Exhaust Restriction (mmHg) .79 1594 10.95
Exhaust Restriction (inH20) 11.66 8.53 586
EXHAUST FLOW LB/HR 1005.71 889.83 772.91
FUEL /AIR RATIO 0.0349 0.0287 00234
J CONVER 0.9202 0.9318 0.5414
ECHA4 % DRY nfa nfa nia
C02% DRY 7.8 6.5 53
CG PPM DRY 4.0 0.0 0.0
NOX PPM DRY 625.3 458.2 349.9
NO PPM DRY 5§63.2 3954 3276
NO2 PPM DRY 621 62.8 223
%02
NOWET 5162244  6B3TTE 308.3915
NOZ2 WET 571907 58.4797 20.9841
CO2 WET 1.4776 £.0203 49623
CO WET 0.0004 0.0000 0.0000
G 0.0012 0.0020 0.0026
R 00023 -0.0025 -0.6026
HUMATEM CORR FACTOR 1,015 .0138 10127
NG CORR 5105002  362.3674 304.5287
NO2 CORR 56.3392 57.6844 207312
GAS EMISSIONS
NO GRHR 241.31 161.63 11063
NOZ GRHR 40.80 3695 11.54
CQ2 GRHR 4973588 36901.82 2653223
CO GRHR 162 0.00 0.00
VENTHLLATION RATES
PART 7, SUBPART E CATEGORY B
NQ CFM 26 ppm 4476 2818 2052
NO2 CFM 5ppm 2468 2238 698
C0O2 CFM 5000 ppm 3133 2325 1672
CO CFM 50 ppm 16 '] 1]
NOX ppm - wet ELRO, EPA, IS0 575.42 426.86 329.38
NOX ppmicomr) EURD,EPA ISO 566.85 421.05 325.26
NOX GRMHR EURD, EPA, 150 41046 269.70 181.04
NOX efm EURO, EPA, I1SO 4966 3263 2190
PARTICULATE EMISSIONS
Modal Particulate emission (grihr) 20.83 16.16 -3y ]
waight factor 018 0.15 0.15
Weighted Particulate (gr/hr) 312 242 125
Welghted HF 12,51 8291 8421
Welghted Averagie HP 45.506 HP
Weighted Average PARTICULATE 10.840 GR/HR

PARTICULATE INDEX {Pl} CFM

0.238 (GRHP-HR)

6379.534

40
24996
200
9.5
23.78
5243
2,78
141.27
nia
74.00
137.36
2868
1153
612.25
1.028
1.013
74.00
na
nia
137.36
3.94
93.89
7.06
55.25
66.58
nfa
38569
387.34
164.125
169
nia
7.80
5.85
3.13
618.31
0.0115
0.5638
nfa
2.7
108.0
130.7
132.8
2.1

127.9574
-1.9938
2.6354
0.0105
0.0040
-0.0033
1.0158
126.0030
-1.9628

3668
-0.88
1124516
28.49

5.46
.10
0.55

0.953

5.0
1800.2
208.1

71.3
28.76
62.60
2.66
136.28
nia
75.67
236.13
2869
151
590.43
1.030
1.018
75,67
nfa

rifa
236,13
13.10
93.52
25.87
54.90
65.70
n'a
965 48
874.72
156.5
1703125
nfa
7.69
10.50
5.62
616.35
0.0438
09036
nia
9.8
0.0
898.3
818.8
75.6

730.8908
71.8384
8.8556
$.0000
$.0002
-0.0019
10171
T27 4306
706286

210.73
31.34
37806.69
0.00

3909
1898
2369

a

B11.73

798.06

35418
4285

20.56
010
208

7133

8.0
1800.1
155.1

53.2
28,76
62.67
2.32
118.40
nfa
77.00
187.14
28.68
1153
517.37
1.031
1.022
77.00
na

nia
187.14
8.38
93.45
18.83
54.26
64.23
n/a
844 .58
768.08
158.01563
169.20313
nia
6.38
890
476
53620
0.0384
0978
nia

8.2

0.0
7247
589.6
1381

541.06683
123.9996
7.5015
4.00C0
2.0011
-0.0022
16237
5285847
121.1324

133.21
46.76
27713.82
0.00

2471
2829
1746

1]

665.1¢

648.72

250.83
303%

10,11
0.10
10

£.316

PART 7. SUBPART E, CATEGORY B

7.0
1799.9
105.0

36.0
28.76
61.85
2.05
105.55
nia
77.00
148.00
28.69
1156
453.93
1.030
1.0
77.00
nia
nia
148.00
430
93.02
12.93
£1.98
§9.03
nia
659.42
620.34
162
170
nfa
5.239
5.53
2.96
471.86
0.0282
09343
nfa
63
0.0
§74.0
506.5
67.5

4T3.2178
63.0556
58775
0.0000
0.0020
-0.0026
1.0409
454 6236
60.5780

100.82
20.58
19108.64
0.00

1870
1245
1204

1]

538.27

5§15.20

175.04
2118

80
8992.5
1.8

16
28.75
60.58
0.89
46.14
n/a
8067
9772
2668
1161
201.41
1.035
1.032
80.67
nia
nia
97.72
0,30
91.88
1.57
51.20
57.35
nfa
263.28
294.42
165
168
nfa
203
1.30
070
202.98
0.0078
0.5728
n/a
1.8
881
206.8
2071
03

201.4860
-0.2849
1.7510
0.0088
0.0044
-0.0035
1.0772
187.0543
-0.2738

17.85
-0.04
2448 91
762

3
-2
154
76

20118

186.78

27.30
33

0.23
0.15
0.03

0.223

CERTLSD-DOC xis



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER

TORQUE Ibft

HORSEPOWER

Barometric Pressure INHG
Laminar Row air temp DEG F
Laminar flow oY pressure in. of H20
Laminar Flow ofm

Altitude Barrel Air (JegF)

Air Entering Manifold/Turbe (degr}
Boost/Air in Manifold (degF)
Altitude Barmel Pressure (inHg)
Altitude (ff)

intake AIR Consumption lhs/hr
LAB FACTOR-NA

LAB FACTOR-TURBO

Intake Afr Tomperature DEG F
TurboCharged Air TemperaturodeF
Turbocharged Air Pressure (psi)
Boost Air Temp{@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperatura DEG F

FUEL Cunsumption Ibs/hr

DEW Point DEG F

Grains Water (H20) per th dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Temperature OUT DEG F
Qil Pressure PSI

inlet Restriction ("H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH2Q)
EXHAUST FLOW LB/HR

FUEL /AIR RATIO

JCONVER

ECH4 % DRY

CO2 % DRY

CO PPM DRY

NOX PPM DRY

NO FPM DRY

NO2 PPM DRY

%02

NO WET

NO2 WET

coz WET

CO WET

G

R

HUMATEM CORR FACTOR

NG CORR

NO2 CORR

GAS EMISSIONS

NO GR/MHR

NO2 GR/HR

CO2Z GRMR

CO GRMHR

YENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NCG2 CFM % ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURD, EPA, 150
NOX ppmicar) EURO,EPA ISC
NOX GR/HR EURO, EPA, I1SQ
NOX cfm EURO, EPA,ISO

DPM EC/OC DATA
EC
oC
TC

lsuzu 4JGAT
Certified 2005 spedc LSD test fuel; Engine + ECS Purifier DOC, EC/OC samples

10
2500.2
175.5

836
28.75
61.40
4.37
22271
nfa
7338
315.00
2867
1188
959.41
1.026
1.011
73.38
nfa
nia
315.00
21.30
95.33
33.42
51.78
68.61
nia
946.69
88713
158
172
nia
15.55
21.54
11.53
100283
0.0345
0.5226
niz
7.3
2.0
629.3
556.4
72.9

513.3207
67.2048
71068
0.0002
0.0013
-0.0023
1.0327
497.0670
65.1640

23428
47.05
4972455
0.81

4346
2846
3133

8

580.62

562.23

405.95
4911

23274
8736
32037

TWA (ug/m3)
TWA {ug/m3)
TWA {ug/m3)

MSHA ACC DIESEL LAB

20
2500.1
134.8

64.2
28.75
62.77
3.97
202.67
nfa
74.41
265.25
2868
1163
877.91
1.028
1.015
744
nia

nfa
265.25
16.18
95,50
25,96
53.44
62.33
na
818,45
778.69
160
170.895313
nia
13.37
16.70
8.94
603.86
0.0298
09310
n/a

6.6
oo
464.9
403.6
61.4

387102
57.1313
6.1448
0.0000
0.0018
-0.0025
1.0268
366.9017
56.6398

155.44
36.21
38266.02
0.00

2883
2190
2411

4]

43204

421.54

27433
3319

28299
8078
36377

30
2499.4
90.2

429
28.75
61,9t
339
173.48
nia
74.00
202.72
28.68
1167
753.63
1.028
1.015
74.00
nfa
nfa
202.72
9.98
85.14
17.63
52.47
60.12
nia
656.66
630.31
162.4375
170.5
nfa
10.56
10.94
5.85
771.27
00234
{9430
n/a
83
0.0
360.5
3322
283

313.2286
267227
4.9960
0.0000
0.0026
-0.0028
1.0335
3030678
258576

109,87
14,368
26559.43
0.00

2038
369
1673
o

339.95

328.95

18267
2210

20332
6988
27320

40
2499.3
18.9

9.5
28.75
62.4%
2.74
140.26
nfa
7400
137.50
2868
1161
608.24
1.028
1.015
74.00
nfa
nia
137.60
3.80
94.33
742
§3.10
61.57
nfa
396.31
358.44
165
168.90625
nia
7.83
584
313
615,66
00122
0.9636
n/a
2.8
117.8
135.6
1356
0.0

130.6848
0.0151
26651
0.0114
0.0039

-0.0033
1.0322

126.6107

0.0146

3684
0.
11304.93
30.63

680

a
712
304

12070

126,63

56.13
679

14895
7329
22224

5.0
1800.¢
207.9
7.2
28.75
61.79
2.64
1356.62
nfa
76.25
23654
2868
1158
539.20
1.030
1.018
76.25
nia

nia
236.64
12.98
94.05
25.79
5217
§9.47
nia
996.38
875.63
155.51563
168 59375
n/a
7.68
1G.60
567
614,99
0.0438
0.8051
nfa

9.9

0.0
8219
338.3
836

758.7258
T5.6571
8.9148
0.0060
0.0002
-0.0019
1.0289
T737.3943
73.5300

213.14
32.56
37774.60
0.00

3954
1969
2380

§34.28

81082

359.07
4344

33431
6427
39857

6.0
1800.0
155.1
53,2
28,75
62,57
2.31
118,82
nia
78.00
188.50
2868
1164
£15.24
1.032
1.024
78.00
nfa
nia
188.50
8.35
94.03
18.86
52,67
60.59
nia
851.91
780.20
15975
17D.54688
nia
637
8.20
492
534.10
0.0386
0.9182
nfa
8.2
0.0
732.9
614.8
1181

564.5332
1084578
7.5285

672.9%

651.74

250.62
3032

27289
4867
32156

PART 7, SUBPARTE, CATEGORY B

7.0 80
1800.1 9908
105.2 7.8
364 1.5
28.75 28.76
62.85 52.24
2.08 0.90
105.38 46.27
nfa nfa
78.00 81.00
149.50 98 48
28.68 2869
1163 1156
458.74 200.95
1.032 1.036
1.024 1.033
78.00 21.00
nia nia
n/a nfa
149.50 98.48
4.9 0.30
93.95 92.48
12.74 1.52
§2.75 52.05
80.76 59.18
nfa nia
864.95 265.58
62208 297.80
1606 165
158.48438 168 48438
n/a nia
544 210
575 1.32
3.08 [ ]
471.48 202.47
0.0278 0.0076
0.9347 09728
nfa n/a
6.3 18
0.0 83.3
5629 2064
4919 204.8
7 16
4567539 199.2362
65 4248 1.5869
58044 1.7511
0.0000 0.0081
0.0021 0.0044
-0.0026 -0.0036
1.0388 1.0725
442 5877 165.7626
63.9446 14796
98.08 17.68
21.71 0.22
1914780 244277
0.00 7.18
18138 328
1313 13
1206 154
o T
526.18 200.82
506.53 187.24
171.85 27.30
2080 330
15217 906
4387 1878
19604 2791

CERTLSD-DOC xls



Fuel Test Data on Isuzu 4JT4T Engine

Fuel: 2005 spec LSD Certified
Engine: Isuzu 4JGAT
DOC: NONE
COMPANY NAME lsuzu

DATE

ENGINE MODEL Isuzu 4JGI1T
COMMENTS: AVERAGE DATA
TEST DATA / MODE NUMEER

RPM

TORQUE ibft

HORSEFOWER

Barometric Pressure INHG

taminar flow air temp DEG F

Laminar flow diff prassure in. of H20
Larninar Fiow cfin
Altitude Barmel Air (degF)
Air Entering Manifold/Turbo (degF)
BoostiAir in Manifold (degF)
Altitude Barmel Pressure (inHg)
Aftitude (ft)
intake AR Consumption ibs/hr
LAB FACTOR-NA
LAB FACTOR-TURBO
Intake Alr Temperature DEG F
TurboCharged Air TemperaturedeF
Turbocharged Air Prossure (psi)
Boost Air Temp{@manifold) degF
Boost air Pressure (@manifold} psi
FUEL Temperature DEG F
FUEL Cunsumption 1bs/hr
DEW Poilt DEG F
Grains Water (H20) per Ib dry air
il Temperature DEG F
Exhaust Temperature DEG F
FINAL EXHAUST TEMP
Coolant Temperature IN DEG F
Coolant Temperature QUT DEG F
Cil Prassure PSI
Inlet Restriction ("H20)
Exhaust Rastriction {mmHg)
Exhaust Restriction (inHZO;}
EXHAUST FLOW LBHR
FUEL ZAIR RATIO
J CONVER
ECH4 % DRY
C02 % DRY
CO PPM DRY
NOX PPM DRY
NO PPM DRY
NQOZ2 PPM DRY
%02
NCWET
NOZ2 WET
CcO2 WET
COWET
G
R
HUMSETEM CORR FACTOR
NOQ CCRR
NQ2 CORR
GAS EM|SSIONS
NO GRMHR
NC2 GRHR
CO2 GRHR
CQ GRHR

NTH N RA
PART 7, SUBPART E CATEGORY B
NO CFM 25 ppmn
NQ2 CFM 5 ppm
CQZ2CFM 5000 ppm
CCCFM 50 ppm

NOX ppm - wat EURO, EPA, ISO
NOX ppmicorr) EURC,EPASO
NOX GRMHR EURC, EPA, ISO
NOX ¢fm EURO, EPA, ISO

PARTICULATE EMISSIONS

Modal Particulate emission (gr/hr}
waight factor

Weighted Particulate (gr/hr)

Weightsd HP

Weighted Average HP

Weighted Average PARTICULATE

PAR LATE INDEX {P1) CF|

MSHA ACC DIESEL LAB

PART 7, SUBPART E, CATEGORY B

10 20 30
2500.2 2499.9 2500.3
176.79 135.11 80.07
8416 64.31 42.38
28.84 28.83 28.83
62.27 6264 62.42
441 3.98 340
224.51 202.88 173.66
nfa na nfa
73.50 74.35 74.34
318.74 266.70 204.13
28.76 28.76 2876
1083.15 1091.46 1088.45
878.1% 88293 756.28
1.023 1.024 1.023
1.009 1.011 1.011
73.50 74.35 74.34
nfa n/a nfa

nia nfa nfa
318,74 266.70 204,13
21,53 16.20 9.92
94,77 95.04 94,79
3360 2561 17.51
50,95 50.97 50.77
56,67 56.72 56,31
nfa n/a nfa
84447 807.09 651.38
855.88 T743.42 608.71
167.89 165,63 158.97
180.75 176.59 167.37
na nfa nfa
16,11 12.98 1038
.44 4.93 302
345 2.64 1.62
1041.79 908.54 77379
0.03 0.03 0.02
0.92 .93 0.94
n/a nfa nfa
7.70 6.50 5.20
132.68 896,18 78.24
657.84 503.13 37225
628.94 474.77 345.68
28.90 28.35 28,57
580.70 443.09 32643
26.69 26.46 25.09
in 6.08 4.91
0.0123 0.0030 0.0074
0.0013 0.0018 0.0026
-0.0023 -0.0025 00028
1.0373 1.0410 1.0450
559.78 425.64 312.36
25.73 25.39 2399
266.19 181.78 11360
18.7§ 16.60 13.38
49561.67 37960.34 26179.77
54.29 3872 25.04
4938 33N 2107
1134 1004 808
322 2392 1643
539 355 249
607.4 469.6 351.5
585.% 451.0 336.4
426.5 295.0 187.4
5160.4 3565.4 22671

4.0
2499.0
19.93
9.48
28.83
62.25
273
139.89
n/a
74.40
138.16
2878
1089.60
609.60
1.024
1.012
74.40
nia
r/a
138.16
3.76
94.04
7.35
50.48
55.68
nfa
388.1%
395.98
160.41
165.36
n/a
7.64
1.58
0.84
616.95
0.01
0.97
nia
271
234.79
132,08
113.21
13.87

109.27
18.22
261
a.0221
0.003%
-0.0033
1.0830
10377
17.2%

30.09
7.68
11112.84
61.23

558
465
700
&09

127.5
12141

53.8
650.6

5.0
1799.9
209.97

71.96
28.82
§2.22
265
135.88
nfa
76.90
238.28
28.75
1092.24
592.06
1.026
1.016
75.90
nia

nia
238,28
12,99
93,74
2572
50.67
56.09
nfa
983.30
834.23
159.27
173.05
nta
7.53
413
2.2t
81778
0.04
0.9
nia
9.71
125,82
98717
947.50
39.67

858.83
35.96
8.80
0.0114
0.0003
-0.0019
1.0354
829.44
34.73

240.84
15.45
A7466.47
30.81

4468
935
2360
306

8348
864.2
384.4
46506

60
1800.2
157.49

53.98
28.83
62.62
2.32
119.26
nfa
77.52
191.92
28.75
1094.54
518.96
1.029
1.022
77.62
nfa

nfa
191.92
2.42
93.69
18.88
50.87
56.51
na
851.87
75216
155.05
166.25
na
6.26
370
1.98
537.84
0.04
0.92
nia
8.14
75.67
811.01
769.55
41.46

T07.62
3812
7.48
0.0070
0.0011
-0.0022
1.0412
679.60
36.63

171.80
14.21
27730.09
16.39

3187
860
1747
163

T45.7
716.2
2774
3356.1

7.0 8.0
1738.8 989.9
104.90 3.04
35.95 1.52
28.83 28.83
62.71 62.10
2.04 0.87
104.99 45.14
n/a nia
78.46 81.50
150.83 100.26
28.75 28.75
1094.20 1084.74
456.74 196.72
1,028 1.033
1.023 1.031
78.46 81.50
n/a nfa
na nla
150.53 100.26
4.1 0.07
93.92 92,52
12.68 1.44
50,21 50.78
56.42 56.35
n/a nfa
668.13 293.07
805.84 323.95
157.48 169.60
185.50 163.59
wa nfa
53 2.00
2,09 0.37
1.07 0.20
46942 198.15
0.03 o
0.94 0.97
n/a n/a
6.26 1.80
73.73 142,34
589.86 203.36
560.69 176.10
2017 27.26
524.62 171.51
27.30 26.55
5.85 1.78
0.0069 0.0139
0.0021 0.0045
-0.0026 -0.0035
1.0509 1.0849
499.19 158.08
25.97 24.47
11014 14.72
8.78 3.49
18918.68 2393.43
14.18 12.03
2043 273
531 211
1192 181
141 120
551.9 198.1
525.2 182.6
177.8 26.0
2147.5 315.1

CERTLSD-NDOC xis



MSHA ACC DIESEL LAB

COMPANY NAME Isuzu
DATE
ENGINE MODEL Isuzu 4JGAT
COMMENTS: Certifled 2006 spedc LSD test fuel; Engine only, gravimetric test
TEST DATA / MODE NUMBER 1.0 2.0 3.0
RPM 2500.3 2500.2 2500.8
TORQUE Ibft 176.9 135.1 90.2
HORSEPOWER 84.2 84.3 42,9
Barometric Pressure INHG 28,84 2884 28.84
Laminar flow air temp DEG F §2.22 £2.59 §3.08
Laminar flow diff p 8 in. of H2O 4.42 3.89 30
Laminar Flow ¢fm 22513 203.41 174.35
Altitude Barmal Air {degF) nfa nia nia
Air Entering Manifold/Turbo (degF) 73.00 73.00 7367
Boost/Air In Manifold (degF) 318.00 264.00 203.45
Altitude Barrel Pressura (inHg) 2877 2877 2877
Altitude (ft) 1075 1081 1081
intake AIR Consumption tbs/hr 981.20 885.48 757.24
LAB FACTOR-NA 1.022 1.022 1.022
LAB FACTOR-TURBO 1.007 1.008 1.009
intake Air Temperature DEG F 73.00 73.00 73.67
TurboCherged Alr TemperaturedeF na nia nia
Turhocharged Alr Prassure {psf) na na nfa
Boost Air Temp{@manifold) degF 318,00 264.00 203.45
Boost air Pressure (@manifold) psi 21.56 16.10 9.94
FUEL Temperature DEG F 93,86 83.72 93.78
FUEL Cunsumption /bs/hr 33.60 25.85 17.62
DEW Polnt DEG F 51.08 §1.22 51.25
Grains Water (H20) per it dry alr 56,94 57.26 57.30
Qil Temperature DEG F n‘a nfa nfa
Exhaust Temperature DEG F 943.75 78767 64963
FINAL EXHAUST TEMP 861.50 73519 605.83
Coelant Temperature IN DEG F 160 159 162
Coelant Tamperature OUT DEGF 173 170 170
Cil Pressure PS! nfa nfa nia
Inlet Restriction {"H2Q) 1512 12.98 10.38
Exhaust Restriction {mmHg) 6.49 4.97 302
Exhaust Restriction {inH20) 3.47 288 162
EXHAUST FLOW LB/MR 1014.80 911.13 775.46
FUEL /AIR RATIO 0.0342 0.0280 0.0233
J CONVER 0.9234 09332 0.943¢
ECH4 % DRY na nfa nia
€Oz % DRY 7.7 6.5 8.2
L0 PPM DRY 129.8 95.7 795
NOX PPM DRY 651.2 4921 365.2
NO PFM DRY 620.0 471.7 3439
NOZ2 PPM DRY 3.2 204 213
%02
NQ WET §72.5180  440.2072 324 6142
NQ2 WET 28.7941 19.0407 20.1053
CO2WET 7.1105 5.0816 4.9082
COWET 0.0120 0.0089 0.0076
G 0.0013 0.0019 0.0026
R -0.0023 -0.0025 -0.0028
HUM&TEM CORR FACTOR 1.0361 1.0370 1.0405
NC CORR 5525638  424.4871 311.9808
NQ2 CORR 27.7906 18.3607 19.3229
GAS EMISSIONS
NO GRHR 263.55 181.78 113.71
NG2 GR/HR 2031 12.04 10.79
CO2 GRHR 49716.59 38052.76  26224.98
COGRHR 53.30 38.62 25.49
VENTH N RATE.
PART 7, SUBPART E CATEGORY B
NO CFM 25 ppm 4839 3372 2108
NOQZ CFM 5ppm 1228 729 B53
CO2CFM 5000 ppm 3132 2397 1652
COCFM 50 ppm 530 354 253
NOX ppm - wet EUROQ, EPA, ISO 601.31 459.25 344.72
NOX ppm{cor) EURG,EPA ISC 580,35 44235 331.30
NOX GR/HR EURG, EPA, 180 424,04 200.51 184.98
NOX c¢im EURO, EPA, ISO 5130 3515 2238
PARTICULATE EMISSIONS
Modal Particulate emission {gr/hr) 1516 14.29 916
waight factor 0.15 0145 04§
Waeighted Particulate (grihr) 227 2.14 1.37
Waeighted HP 12636 9648 6.441
Welghted Average HP 48.202 HP
Weighted Average PARTICULATE 9.031 GRMHR

PARTICULATE INDEX {Pl) CFM

0.195 (GRIHP-HR)

5314616

PART 7,

40
2498.2
20.0

9.5
28.84
62.33
273
14021
n/a
73.80
137.83
2877
1080
610.98
1.022
1.008
73.80
n/a
nfa
137.83
3.81
493.08
T.37
50.60
§5.92
nia
401.06
399.48
164.82313
169.71875
n/a
760
1.60
086
618.34
0.0121
0.9651
nia
7
224.8
1315
114.3
172

110.2737
16.6367
26056
00297
0.003%
-0.0033
1.0499
105.0347
158463

30.63
7.06
11102.1C
58.72

566
427
699
584

126.91

120.88

53.82
851

7.39
010
0.74

0.951

BPARY E, CATEGORY
50 50 70
1799.9 1800.3 1799.6
210.6 160.0 104.9
72.2 54.8 359
28.84 2884 28.84
61.71 62,67 62.56
2.65 2,34 205
135.86 120,28 105615
n‘a n/a n/a
7530 77.00 78.00
23795 163.36 150.00
28,76 2876 2876
1084 1087 1086
593,07 §23.35 457.70
1.024 1.028 1.029
1.014 1.020 1.022
75.30 17.00 78.00
nfa n/a n/a
n/a n/a nfa
23795 193.36 150.00
13.06 8.63 474
9278 93.34 93.75
26.83 18.1% 12273
50.56 51.28 51.03
55.86 57.34 56.86
nia n/a nia
987.23 85800 864.17
84538 758.58 80541
1605 157 16095313
174 09375 168 189
nfa n/a nia
7.52 627 5.30
3.94 378 191
21 202 102
618.90 542.54 470.44
0.0435 0.0367 0.0278
0.9063 09188 0.9355
nia n/a n/a
9.7 8.2 6.2
1226 754 733
1002.7 8224 5917
954.2 ITHO 563.8
486 514 279
8547353  T0B4ITS  S2TAS
44,0263 47 2404 26.1232
8.7508 7.534% 5.8304
0011 0.006% 0.0069
0.0002 0.0010 0.0021
£0.0019 £.0022 -0.0026
1.0356 1.0386 1.0438
834.9800  BBZ0819 5028760
425133 454847 24,9073
24288 173.93 111.19
1894 17.77 8.44
374B6.39 2816375 18627.33
30.13 16.47 14.12
4505 3226 2063
1146 1075 510
2362 1774 1192
299 164 140
908.7¢ 755.68 553.55
87748 72157 527.78
391.02 28421 17877
4T 3439 2163
11.86 7.40 478
910 010 0.10
119 0.7¢ 0.47
7218 5.485 3.584

8.0
990.6
8.0
1.5
28.83
6260
0.38
4539
na
81.00
99.83
2876
1091
187.54
1.033
1.031
81.00
nfa
nfa
99.83
o8
92.06
143
51.16
57.1%
nfa
251.31
321.31
163.79688
167.51563
nfa
1.98
0.36
019
19897
0.0072
09739
na
18
138.0
201.4
174.0
273

169.4701
26.6173
1.7630
0.0134
0.0045
-0.0025
1.0800
156.9229
24,6462

14.68
353
240323
11.72

272
214
151
118

19609

181.57
26.01
M5

088
0.15
0.10

0227

CERTLSD-NDOC xIs



COMPANY NAME fsuzu

DATE

ENGINE MODEL Isuzu 4JG1T
COMMENTS:

TEST DATA / MODE NUMBER
RPM

TORQUE ibft

HORSEPOWER

Barometric Pressure INHG

Laminar flow air temp DEG F

Laminar flow diff prassure In. of H20

Larminar Fiow cfm

Altitude Barrel Air (degF)

Alr Entering Manifold/Turbo (degF)

BoosyAIr in Manifold (degF}

Altitude Barmel Pressure (inHg)

Altitude (ft)

intake AIR Consumption Ibs/hr

LAB FACTOR-NA

LAB FACTOR-TURBQ

intake Air Temperature DEG F

TurboCharged Air TemperaturedeF

Turbocharged Air Pressure (psi

Boost Air Temp{@manifold} degF

Boast air Pressure {@manifold} psi

FUEL Temperature DEG F

FUEL Cunsumption lbsimr

DEW Polnt DEG F

Grains Water (H20) per ib dry air

Qil Temparature DEG F

Exhaust Temperature DEG F

FINAL EXHAUST TEMP

Coolant Temperature IN DEG F

Coolant Temperature CUT DEG F

Qil Prassure PS1

Iniet Restriction {"H20)

Exhaust Restriction (mmHg)

Exhaust Restriction (inH20)

EXHAUST FLOW LBHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

C02% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NO2 PPM DRY

%02

NO WET

NO2 WET

CO2 WET

COWET

G

R

HUMATEM CORR FACTOR

NO CORR

NO2 CORR
EMi!

NO GRMHR

NO2 GRHR

CO2 GR/HR

CO GRMR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

ION.

NO CFM 25 ppm
NO2 CFM 5 ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURO, EPA, ISO
NOX ppmi{carr) EURO,EPAISO
NOX GRHR EURQ, EPA, IS0
NOX cfm EURO, EPA, ISO

DPM EC/OC DATA
EC

TC

1.0
2500.2
176.6

84.1
28.83
6232
4.40
223.88
n/a
7400
319.48
2876
1081
976.18
1.024
1.011
74.00
nfa
nfa
319.48
2161
95.69
33.60
50.80
58.40
na
944.59
850.27
175.78125
188.5
na
15.40
6.39
3.42
1008.78
0.0345
0.9232
nia
1.7
1366
664.5
637.9
26.6

588.6780
24.5821
T.1084
0.0125
0.0013

TWA (ug/m3)
TWA (ug/m3)
TWA (ug/m3)

22617
11468
34085

ME8HA ACC DIESEL LAB

20
24996
135.1

4.3
28.83
62.68
3.97
202.36
nfa
75.70
269.39
2874
1102
B80.38
1.025
1.015
76.70
n/a
nia
269.38
16.30
96.36
26.67
50.71
56.17
na
81652
751.66
17225
1831875
nia
12.98
490
262
905.95
0.0260
0.8333
nia
6.6
96.7
514.1
477.8
36.3

459808
33.685%
6.0866
0.00%0
0.0019
-0.0625

{ 0450
426.7832
32.4260

181.72
.15
37867.91
35.81

331
1279
2388

356

479.87

25554
11104
36659

Certified 2008 spedc LSD test) :el; Engine only, ecioc sample

3.0
2499.7
90.0

42.8
28.83
§1.76
3.38
172.97
n/a
7500
204.80
2875
1096
754.73
1.024
1.013
75.00
nia

n/a
204.80
9.90
96.80
17.40
60.28
66.31
nfa
683.13
610.59
1559378
164.73438
nia
10.38
3.03
1.62
77212
0.0231
0.9447
na
52
77.0
379.3
347.5
318

3268.2541
20.0748
49128
0.0073
0.0028
-0.0028
1.0496
312.7446
28.6538

113.48
15.93
26134.56
2458

2105
964
1646
244

35833

341.40

18079
2296

18887
10198
29085

40
2489.7
19.9

9.4
28.82
6217
272
138.57
nia
7500
138.50
2875
100
608.22
1.025
1.014
75.00
n/a
nfa
138.50
.70
95.03
7.34
£0.35
55.44
nfa
395.31
392,47
156
181
nfa
768
1.53
082
615.56
0.0121
0.9662
nia
27
244.9
132.7
112.2
205

108.2637
167934
2.6227
0.0236
0.0039
-0.0033
1.0562
102.5076
18.7411

29.66
831
11123.58
63.75

550
502
701
633

128.08

121.25

53.74
650

14111
13718
27829

30
1800.0
209.3

7
28.82
8273
265
135.89
n/a
76.50
23861
2875
1100
591.05
1.027
1.018
76.50
nia
nia
238.61
12.93
94.70
25.62
50.77
56.32
nfa
974.36
82308
158.03125
172
nfa
753
433
232
616.67
0.0433
0.9066
nia
9.7
128.6
9716
940.8
308

852.9228
27.8878
8.8134
0.0117
0.0003
-0.0019
10382
823.8976
269387

23879
11.96
37446.56
31.49

4430
724
2359
313

880.81

3T
451

327438
13341
46089

6.0
1800.0
155.0

531
28.82
62.57
2,30
118.23
nia
78.03
180.48
28.74
1102
514.56
1.029
1.023
78.03
nfa

nta
190.48
8.21
94.03
18.58
50.48
55.68
nfa
84573
74573
15310938
164.5
nfa
6.26
3.61
1.83
533.14
0.0361
09202
nfa

8.1
759
799.6
768.1
38

706.8233
28 9906
T4310
0.0070
0.001¢
-0.0022
1.0439
B1T.117¢
273722

169.67
1086
27296.42
16.32

3147
64%
1720
162

73581

704.89

270.56
3274

24076
9673
13750

PART 7, SUBPART E, CATEGORY B

70
18001
104.9

360
28.82
62.87
2.04
104.82
nia
78.92
151.06
28.74
1102
455.78
1.030
1.024
78.92
nfa

nia
151.08
4.67
94.08
12,63
50.60
55.99
nia
868.08
50828
154
162
n/a
5.31
2.08
1.1
468.41
00277
0.9359
na
6.3
74.2
588.0
557.6
304

£21.8083
284676
58693
0.0069
a.0021
-0.0026
1.0534
465.5075
27.0328

108.09
912
18910.03
14.25

2024
561
19
142

550.27

52254

176.23
213z

16282
9510
25799

80
989.3
8.0

1.5
28.82
61.60
087
44.88
nia
82.00
100.69
28.75
1059
195.39
1.034
1.032
82.00
wa
nfa
100.69
0.05
92.97
1.45
50.40
55.55
nia
264 83
326.58
165.40625
16965625
nfa
2.02
0.38
0.20
197.33
0.0074
0.9740
nfa

18
146.6
2054
178.2
27.2

172.5451
264801
17632
00143
0.0044
-0.0035
1.0898
1502439
242880

14.77
3.45
238363
1234

274
209
150
123

200.03

183.54

26.08
16

1106
7616
8722

CERTLSD-NDOC xIs



Fusl Test Data on lsuzu 4JT1T Engine

Fuel: 2007 spec ULSD Certified
Engine: lsuzu 4JG1T

DOC: ECS Purlfier A16-0119
COMPANY NAME isuzu

DATE

ENGINE MODEL Isuzu 4JG1T
COMMENTS: AVERAGE DATA

TEST DATA f MCDE NUMBER

RPM

TORQUE Ibft

HORSEPOWER

Barometric Pressure INHG

Laminar flow air temp DEG F

Laminar flow diff pressure in. of H2Q
Laminar Flow cfm

Altitude Barrel Air (degF}

Air Entering Manitold/Turbo (degF)
Boost/Air in Manifold (degF}
Altitude Barrel Fressure (inHg)
Altitucte ()

intake AR Consumption Ibs/hr
LABE FACTOR-NA

LAB FACTOR-TURBO

Intake Air Temperature DEG F
TurbaCharged Air TemperaturedeF
Turbocharged Air Pressure (psi
Boost Air Temp{@manifold) degF
Boost alr Pressure {@manifoid) psi
FUEL Temperature DEG F

FUEL Cunsumption Ibs/hr

DEW Point DEG F

Grains Water (H2Q) per ib dry air
Oil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coclant Temperature QUT DEG F
Qil Prassure PS!

iniet Restriction ("H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LBHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

€02 % DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NOZ PPM DRY

%02

NG WET

NC2Z WET

co2 WET

COWET

G

R

HUM&TEM CORR FACTOR

NG CORR

NGZ CORR

GAS EMISSIONS

NO GRMHR

NOZ GRHR

€02 GRHR

COGR/HR

VENTILLATION RATES

PART 7, SUBPART E CATEGQRY B
NO CFM 26 ppm
NO2 CFM 5 ppm
CO2 CGFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURQD, EPA, i80
NOX ppmi{com) EURC.EPA ISC
NOX GRMR EURQ, EPA, 180
NOX cofm EURQ, EPA, ISO

PARTICULATE EMISSIONS

Modal Particulate emisslon (gr/hr)
weight factor

Weighted Particulate (gr/hr)

Welghted HP

Weighted Average HP

Weighted Average PARTICULATE

PARTICULA Pl} CEM

MSHA ACC DIESEL LAB

PART 7, SUBPART E, CATEGORY B

.0 20 3.0
2500.0 24998 2459.4
179.85 134.90 29,82

85.66 64.20 42,74
28.71 2870 28.70
60.03 60.93 60.11
4.41 397 3.38
224.76 202.38 172,69
n/a na n/a
72.50 73.01 72.91
318.25 261,13 200.04
28.64 28.64 28.64
1188.01 1203.72 1204.73
982.42 882,03 764.42
1.028 1.026 1.026
1.009 1.010 1.010
72.80 73.01 72.91

nia nfa n/a

nia nia nia
318.25 261.13 200.04

21.50 15.68 .61
95,64 94.51 96.74
MM 2545 17.37
48.72 48.68 48.54
52,37 52.29 52,02

n/a n/a nia
957.64 807.81 649.77
893.85 766.16 625.37
164.00 168.50 160.34
177.24 169.50 168.35

n/a nia n/a

15.04 12.76 10.19
21.96 16.34 10.84
11.75 818 5.80
1016.83 907.48 771.78
0.04 0.03 0.02
092 0.93 0.95
nfa nia n/a
7.90 6.60 5.29
3.50 0.00 0.00
660.38 477.63 164.76
§97.13 407.81 326.99
63.26 69.92 3777
551.14 38112 209.17
£8.28 65.25 35
7.29 617 5.00
0.0003 0.0000 0.0000
0.0012 0.0020 0.0026
-0.0022 -0.0025 -0.0028
1.0456 1.0437 1.0533
527.13 363.08 29352
55.84 8247 33.90
254,93 164.86 106.47
40.88 a40.62 18.84
51105.09 38665.46 26600.15
1.44 0.00 0.00
4673 2873 1975
2473 2457 1140
3220 2430 1676
14 /] [}
609.6 448.4 349
£83.0 426.2 3274
428.8 2778 1819
51618 33818 2204.2

4.0
2499.3
19.94
9.49
28.69
60.69
2.73
139.79
nfa
73.50
135.81
2883
1209.08
609.56
1.026
1.012
73.50
na
nfa
135.8¢
3.62
96.06
7.14
48.53
51.99
nfa
390.86
39236
162.18
166.76
nfa
1.55
575
3.08
818,70
0.01
0.97
nia
273
120.28
136.66
137.2%
-0.54

112,63
-0.83
263
0.0116
0.003%
-0.0033
1.0618
124.91
0.49

36.21
-0.22
11195.67
314

672
13
705
312

1321
1244

66.2
868.4

50
1800.0
210.14

T2.02
28.68
61.18
268
137.32
nfa
74.56
23594
28.63
121313
597.81
1.028
1.018
74.56

L]

nla
235,94

1277
85.10
26,04
48.68
52.34
nia
993.07
871.81
186.01
170.02
na
7.44
10.61
5.68
623.85
0.04
0.91
n/a
9.89
0.00
935.88
841.61
94.27

763.36
85.60
B.97
0.0000
0.0002
«0.0019
1.0421%
732.55
82.05

21479
35.86
38569.78
0.00

3984
2229
2430

a

848.9
814.6
366.9
44289

6.0
1800.2
160.02

54.85
28.68
60.82
2.33
$19.71
nia
76.10
189.64
28.62
1218.31
£21.65
1.030
1.01%
76.10

n/a

n/a
189.64

8.32
93.84
19.18
4348
1.3

nfa
857.24
780.99
157.88
169.40
nia

821

9.23

494

540,84

0.04

0.92

nia

8.30

0.00

7668.53
624.86
141.67

ST4.75
130.31
7.64
0.0000
0.0010
-0.0022
1.0494
547.68
12417

138.21
48.35
2846118
0.00

2682
2925
1792

7051
6718
2616
3168.2

7.0 8.0
1800.1 992.2
105.05 8.64

6.0 1.63
28.68 28.68
60.67 61.41
2,05 0.1
105.43 47.19
nia nfa
76.50 80.38
148.12 97.33
28.62 28.62
1219.83 1221.81
459.67 206.24
1.031 1.036
1.021 1.032
76.50 80.28

n/a nfa

n/a n/a
148.12 97.33

463 0.02
93.91 $2.20
1274 1.50
48 57 48.55
§2.09 52.08

n/a e
659.91 26145
623.91 289.93
1569.91 159.00
168.23 162,73

nia nia

5.27 1.99

575 1.29

3.08 0.69

472.32 206.74

0.03 0.01

0.94 0.7

n/a nfa

6.30 1.85

0.00 109.75
661.10 214.08
467.52 211.30

93.58 .77
417.92 205.3%
B7.658 270
§.90 1.80

0.0000 0.0107
0.0021 0.0045
-0.0026 -0.0035

1.0581 1.0948
413.89 188.17
82,85 2.47
91.88 18.28
28.18 0.37
1920365 2567.94
0.00 9.69
1704 33e
1705 22
1210 162

0 96
526.6 208.7
496.7 190.6
1689 284
20438 I3

CERTULSD-DOC.xIs



COMPANY NAME Isuzu
DATE

ENGINE MODEL
COMMENTS:

TEST DATA / MODE NUMBER
RFM

TORQUE ibft

HORSEPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar flow Jiff pressure in. of H20
Laminar Flow ofm

Aftitucle Barrel Air (degF)

Air Entering Marnifold/Turbo {degF)
BoostAAir in Manifold (degF}
Altitude Barre! Pressure (inHg)
Altitude (f)

intake AIR Consumption ibs/hr
LAB FACTOR-NA

LAB FACTOR-TURBC

Intake Alr Temperature DEG F
TurboCharged Air Temperatureder
Turbocharged Air Pressure (psi)
Boast Air Temp{@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperature CEG F

FUEL Cunsumption Ibs/hr

DEW Point DEG F

Grains Water (H20) per Ib dry air
il Temparatura DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Caoalant Temperature IN DEG F
Coolant Temperaturs QUT DEG F
Gil Pressure PS|

Inlet Restriction ("H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LBHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

C02% DRY

CQOPPM DRY

NOX PPM DRY

NO PPM DRY

NC2 PPM DRY

%02

NO WET

NOZWET

CO2WET

CO WET

G

R

HUMSTEM CORR FACTOR

NO CORR

NO2 CORR

GAS EMISSIONS

NO GR/HR

NC2 GRHR

C0O2 GRHR

CO GRMHR

VENTILLATION RATES

PART 7, SUSPART E CATEGORY B

NO CFM 25 ppm
NO2 CFM 5 ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURO, EPA, ISO
NOX ppm{comr) EURQ,EPA,IS0
NOX GR/HR EURD, EPA, ISO
NOX cofm EURD, EPA, ISC

PARTICULATE EMISSIONS
Modal Particulate smission (gr/hr)

walght factor

Welighted Particulate {gr/hr}
Welghted HP
Welghted Average HP

Welghted Average PARTICULATE

PARTICULATE INDEX (Pl) CFM

Isuzu AJG1T
Certified 2007 spec ULSD testfue E

MSHA ACC DIESEL LAB

PART 7, SUBPARY E, CATEGORY B

ngine with DOC, gravimetric sample

1.0 2.0 10 4.0
2500.0 2499.5 2499.1 2499.0
181.6 134.8 89.5 20.0
86.4 842 4286 9.5
28.72 28.72 2871 2871
60.22 60.94 60.18 61.28
4.44 387 339 2,74
226.24 202.31 173.07 140.54
n/a na nia nia
72.00 7202 72.83 73.00
319.00 260.28 195.66 435.50
2866 28.65 28.65 28.64
1186 1189 1196 1201
988.76 882,19 756.24 81201
1.023 1.024 1.025 1.025
1.007 1.008 1.009 1.010
72,00 72.02 72.83 73.00
na nfa nia nia
na n/a nfa nia
319.00 260,28 199.66 135,50
21.63 15.68 9.60 3.64
92,94 96.08 97.22 97.8%
34.63 25.51 17.30 711
4899 48.53 48.89 48.72
52.87 51.96 52.68 52.34
nia nia nia nia
859 41 809.28 650.28 391.03
892 41 769.28 626.64 36277
160 158 159 161.35938
173.48438 169 167 166
na nfa nfa nia
1510 12.73 10.14 7.52
2210 16.39 1¢.85 575
11.83 877 5.81 3.08
1023.39 907.70 775,84 61912
0.0350 0.0288 0.0229 0.0118
0.9229 0.9345 0.9456 0.9668
nia nfa nia na
79 6.6 6.3 27
40 0.0 0.0 118.4
663.7 479.6 3604 1361
600.4 404.3 3221 1359
8332 754 383 03
554 0750 3777977 3045854 1313340
584412 T0.4286 36.1732 02179
7.3080 6.1676 45541 26238
0.0004 0.0000 0.0000 00115
0.0012 0.0019 0.0026 0.0040
-0.0023 -0.0025 -0.0028 -0.0032
1.0438 1.0468 1.0513 1.0587
5308277 2603108 289.7272 1240508
559862 87.1687 34.4081 0.2625
26532 153.72 10533 38.10
4126 43.80 1916 G192
51624.90 3857300  26617.03 1119267
185 0.00 0.00 3131
4736 2851 1954 870
2496 2655 1159 7
3246 2430 1677 705
16 4] 0 an
61252 443.23 340.76 13161
246,62 427.48 324.14 124.31
432,38 279.38 180,53 55.41
2231 3380 2164 870
13.51 1218 7.05 4.72
015 0.1% 0.15 o1e
203 1.63 1.06 0.47
12.965 2623 6.388 0.853
46.445 HP
7.495 GR/HR
0.161 {GR/HP-HR)
4410518

5.0
1800.1
209.8

719
28.M
61.24
2,68
137.2%
nia
7413
23500
2864
1197
597.95
1.027
1.014
7413
nia

nia
235.00
12.73
96.50
26.02
48.36
51.68
nia
992.39
870.86
155.54688
166.53125
nia
741
1064
e
62397
0.0435
0.9073
wa
9.9
0.0
925.8
833.2
926

755.9364
84.03%G
8.9690
0.0000
0.0003
-0.0019
1.0432
724.6020
80.5536

212.50
3618
38559.56
0.00

3942
2189
2429

839.97

803.16

361.73
4376

11.09
010
1.4

7180

60
1800.2
160.0

54.8
28.70
61.28
2.34
120.24
n/a
76.00
186.02
2864
1200
523.56
1.029
1.018
76.00
nia
nia

189.02
8.30
94.05
19.28
48.38
51.69
n/a
856.58
780.08
156
16790625
nia
6.18
9.28
497
542.84
0.0368
0.6108
nfa
8.3
0.0
767.6
618.9
148.7

569.2064
136.7999
7.6342
0.0000
0.0010
£.0022
1.0498
542.2088
1303110

138.34
50.63
28553.07
0.00

2566
3031
1799

708.01
672.52

3180

7.0
1800.0
105.0

36.0
28.70
60.48
2.05
105.65
nfa
76.00
14773
2864
1202
461.08
1.030
1020
76.00
nia
nia
147.73
4.63
94.39
12.80
48.45
51.85
nia
659.20
623.25
158
166.5
na
525
578
3.08
47388
0.0278
0.9387
nfa
6.3
0.0
566.7
465.1
101.6

4358329
85.2019
58011
0.0000
0.0021
-0.0026
1.0576
411.8084
80.0151

9174
3071
18267.40
0.00

1702
1868
1214

530.83

501.81

174.25
2072

382
0.10

3508

8.0
992.0
8.6

16
28,70
61.18
&9
47.10
nia
80.00
96.58
28.84
1204
20513
1.036
1.030
80.00
na
nia
96.98
0.02
92.47
1.50
48.46
51.89
nfa
261.20
288.78
160
163.46875
nfa
1.98
128
0.59
206.63
0.0073
0.974%
n/a
139
111.3
217.0
213.2
3.7

207.80%6
38377
48036
0.0108
9.0045

-0.0025
1.0838

190.6777

22259

18.46
0.48
2567.79
9.82

342
39
162
a8

211.54

163.40
2877

016
0.15

0244

CERTULSD-DOC xis



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER
RPM

TORQUE Ibft

HORSEPOWER

Barometric Pressure INHG
Laminar Bow air temp DEG F
Laminar flow difY p 8 in. of H2O
Laminar Flow cfm

Altitudle Barrel Air (degF}

Air Entering Manifold/Turbo (degF)
BOOSUAIr In Manifoid {degF)
Aftitude Barrei Frassure (inHg)
Altitude (f)

Intake AIR Consumption thamr
LAB FACTOR-NA

LAB FACTOR-TURBO

Imtake Air Temperature DEG F
YurboCharged Air TemperaturedeF
Turbocharged Alr Pressure (psf
Bloost Air Temp{@manifold) dogF
Boost air Pressure (@manifold) psi
FUEL Temperature DEG F

FUEL Cunsumption ihs/hr

DEW Point DEG F

Grains Water (H20) per ib dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Caolant Temperature IN DEG F
Coolant Temperature OUT CEG F
Qil Pressure PSI

tnlat Restriction ("H2C)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LBAHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

C02% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NO2 PPM DRY

%02

NO WET

NOZ WET

coz WET

COWET

G

R

HUM&TEM CORR FACTOR

NO CORR

NC2 CORR

GAS EMISSIONS

NO GR/HR

NO2 GR/HR

CO2 GRHR

CO GRMR

VYENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NO2 CFM 5 ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm -wet EURQ, EPA, ISO
NOX ppm(carr) EURO,EPA ISO
NOX GRMHR EURO, EPA, 1SC
NOX ofm EURO, EPA, SO

DPM EC/OC DATA
EC

TC

1suzu 4JGAT
Certified 2007 spec ULSD test fuel; E: 1ine w/ ECS DOC, ec/oc sample

1.0
2499.%
178.3
84.9
28,69
59.84
4.39
223.27
nfa
73.00
317.50
2863
1210
976,08
1.026
1.011
73.00
nia

wa
317.50
2137
98.34
34.19
48.45
61.86
nia
95588
895 30
168
181
nia
14.97
21.82
11.68
1010.27
0.0350
09231
nia

7.9
3.0
657.1
5939
832

548.2088
5831191
72808
0.0003
o.0012
-0.0023
1.0473
5234389
55.6842

248.54
40.50
50680.27
1.23

4610
2450
3183

12

£06.53

579.12

421.25
5097

TWA (ug/m3)
TWA (ugim3)
TWA (ug/m3)

23341
5637
28978

MSHA ACC DIESEL LAB

2.0
2499.7
135.0

643
28.69
60.91
3.97
202,44
nfa
74.00
261.88
2862
1218
881.87
1.027
1.013
74.00
na
nia
261.98
15.58
92.94
25.39%
48.84
5262
nia
806.34
762.05
158
170
nia
1278
16.29
8.72
907.28
0.0288
09346
nfa

6.6
0.0
475.8
411.3
64.3

304 4330
60.0763
61683
0.0000
0.0026
0.0025
1.0508
365.6460
s7an7?

156.00
37.38
38557.93
.00

2894
2259
2429

444.51

423.02

276.33
3343

28821
5764
34583

3.0
2499.7
90.1
42.9
2868
£0.05
337
17230
n‘a
73.00
20042
28,63
1214
752,60
1.026
101
73.00
nia

nfa
200,42
863
94,27
17.44
48.19
£1.36
nia
64927
624 09
16467188
169.70313
nia
10.24
10.83
579
770.05
0.0232
0.9454
nfa

53

0.0
369,2
3319
373

313.7434
38.2441
50104
0.0000
0.0026
-0.0028
1.0553
2673118
33.3683

107.60
18.52
26583.28
C.00

1996
1120
1675

348.99

330.74

183.36
218

20707
6048
26754

4.0
2499.5
19.8

9.4
28.68
60,10
271
138.04
nia
74.00
136.13
2882
1217
607.11
1.027
1.013
74.00
nfa
na
136.13
3.60
94.23
747
48.34
41.64
n/a
390.69
39185
63
167.5
na
7.58
5.74
3.07
§14.28
00118
0.9666
nfa
27
12141
137.2
1386
-1.4

1339323

1257776
-1.2481

36.31
0.55
11198.67
31.50

874
-33
706
313

132.60
124.53
55.08

12638
5926
18563

50
17999
210.5

721
28.68
61.12
2.68
137.36
n/a
7500
236.88
2861
1229
597.67
1.030
1.017
75.00
na
nfa
236.88
12.81
93.70
26.06
49.02
53.01
n/a
993.75
87277
156.46875
17058
nfa
7.46
10.60
568
623.73
0.0436
0.9088
nia
9.9
2.0
945.9
250.0
959

T70.7847
86.9652
89773
0.0000
0.0002
-0.0019
1.0408
740.5078
83,5491

21708
37.52
38580.00
0.00

4027
2270
2431

857.75

824.06

370,07
7T

41127
5472
45600

PART 7, SUBPARTE, CATEGORY B

8.0 70
1800.1 1800.1
160.1 108.1
64.9 36.0
28.67 28.66
60.35 60.87
2.32 2.06
119.18 105.21
nia nia
7620 77.00
160.27 148.50
28.60 28.60
1236 1238
§19.74 458.06
1.031 1.032
1.021 1.023
76.20 77.00
nia nia
nia nia
150.27 148.50
8.34 4.62
93.64 93.44
19.09 12.69
48.58 48.68
52.14 5234
nfa nfa
857.91 66063
781.91 62458
159.75 161.812%
170.89063 169.96875
nia nia
6.23 5.28
9.17 5.75
491 3.08
£38.83 470.75
00367 0.0277
0.9198 0.8367
nfa n/a
8.3 63
0.0 a0
765.5 555.5
830.9 470.0
1346 8656
580.2084 4402028
1234156 80.1068
78381 5.9011
0.0000 0.0000
0.0610 0.0021
-0.0022 -0.0026
1.0491 1.0585
553.1474 4158789
118.0225 75.6805
140.08 92.01
45.79 25.65
28349.29 19139.91
0.00 0.00
2699 1707
2770 1652
1786 1206
4] o
704.11 520.31
87117 491.56
260.3% 186.61
3150 2016
28157 16650
3935 4622
32009 21312

B0
89925
8.7

16
28.66
61.64
0.92
47.28
n/a
80,75
97 .67
2860
1239
205.35
1.037
1.033
80.75
n/a

n/a
97.67
6.02
91.92
1.50
48,64
52.26
nfa
26170
291.08
158
162
nfa
2.00
129
069
206.86
0.0073
09748
nfa

1.8
108.2
21%.2
209.4
18

204.0895
1.7638
18019
00105
0.0045

0.0035
1.0958

1862553

1.6087

181
0.24
2568.09
9.56

205.3%

187.86

27.99
B9

2422
3147

CERTULSD-DOC.xis



Fuel Test Data on Isuzu 4JT1T Engine

Fuel: 2007 spec ULSD Certified
Engine: Isuzu 4JG1T
BoC: NONE
COMPANY NAME Isuzu

DATE

ENGINE MODEL lsuzu 4JG1T
COMMENTS: AVERAGE DATA
TEST DATA / MCDE NUMBER

TORQUE ibit

HORSEPQWER

Barometric Pressure INHG

Laminar flow air femp DEG F

Laminar flow diff pressure in. of H20
Laminar Fiow cfm
Altitude Barrel Air (degF;}
Air Entering Manifold/Turbo (degF)
Boost/Air in Manifold {dagF}
Altitudis Barrel Pressure (inHg)
Altitude (f)
Infake AIR Consumption Ibs/r
LAB FACTOR-NA
LAB FACTOR-TURBO
intake Alr Temperature DEG F
TurboCharged Air TemperatiredoF
Turbochargsd Air Pressure (psi}
Boost Alr Temp{@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperature DEG F
FUEL Cunsumption [bs/hr
DEW Polint DEG F
Grains Water (H20) per b dry air
Oil Temperatura DEG F
Exhaust Temperature DEG F
FINAL EXHAUST TEMP
Coolant Temperature IN DEG F
Coolant Temperature OUT DEG F
Cil Pressure PSI
Inlet Restriction ("H20)
Exhaust Restriction (mmHg)
Exhaust Restriction (inH2C)
EXHAUST FLOW LBMHR
FUEL /AIR RATIO
J CONVER
ECH4 % DRY
CO2% DRY
CO PFM DRY
NOX PPM DRY
NO PPM DRY
NOZ PPM DRY
%02
NO WET
NO2 WET
cO2 WET
COWET
G
R
HUM&TEM CORR FACTOR
NO CORR
NO2 CORR

EMISSION:
NO GR/HR
NO2 GRMHR
C0O2 GRHR
COGRMHR
VENTILLATION RATES
PART 7, SUBPART E CATEGORY B
NQ CFM 25 ppm
NQ2 CFM 5 ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURO, EPA, ISC
NOX ppmicarr) EURO EPA,ISO
NOX GRMR EURO, EPA, ISO
NOX cofm EURQ, EPA, ISO

PARTICULATE EMISSIONS
Modal Particulate emission {gr/hr)

weight factor
Welghted Particutate (grihr}
Welghted HP
Welghted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX_{Pl} CFM

MSHA ACC DIESEL LAB

PART 7, SUBPART E, CATEGORY B

10 2.6 30
24898 2459.5 24%9.3
178.88 125 14 20.01

85.1% 64 31 4283
28.86 26 8§ 28.85
80.81 6 51 59.4¢
441 3.9¢ 338
224 4% 202,10 172,79
B nia nfa
T13.20 74.00 73.57
J20.48 286,83 202.99
28.80 28.80 28.79
1051.59 1062.04 1067.61
983,47 885.83 769.91
1022 1.023 1.022
1.008 1.010 1.00¢
73,20 74.00 7387

nia nfa n/a

nfa n/a nfa
320.48 265.63 202.99

21,76 16.17 9.88
95.75 95.95 95.89
3434 26.90 17.72
51.23 51.53 50.30
§7.23 57.88 56.26

n‘a nia nia
950.58 B04.84 647.77
854.84 738.T1 601.53
163.48 158.16 160.00
177.00 169.05 167.98

na nia n'a

15.18 12,98 10.33
6.63 5.02 317
358 2,69 1.706

1017.80 911.53 777.63
0.03 0.03 0.02
0.92 0.93 0.94
nfa nia n/a
7.84 6.61 5.26
134.75 98,39 78.69
675.99 493.48 373.82
639.70 476.1% 349.34
36.28 17.33 24.48
589.88 444.05 329.86

33.46 16.16 23.1

.23 6.07 497
0.0124 0.0092 0.0074
0.0013 0.0019 0.0026
-0.0023 -0.0025 -0.0028
1.0355 1.0373 1.045%
§69.68 428.08 315.40
32.31 1557 22.40
272.82 183.40 116.27
2367 10.21 12.37
50682.10 38118.28 26611.30
5540 36.63 2631
5055 3402 2138
1432 617 748
3193 2401 1677

551 364 252

623.3 460.2 353.0

602.0 4436 3375

441.2 2912 189.0

53374 35228 2286.2

40
2499.0
19.84
.44
28.85
80.15
272
139.64
n/a
74.00
137,75
28,79
1062.57
612,78
1.022
1.010
74,00
nia
nfa
137.75
376
95.38
7.30
50.07
54.81
nfa
397.53
383.35
161,07
165.50
nfa
7.65
1.62
0.87
620.08
0.01
097
nia
275
241.51
133.02
113.20
19.81

109.32
19.13
266
0.0233
0.0039
-0.0633
1.0544
103.63
18.15

30.21
8.10
11348.76
63.34

560
490
718
630

1264
1218

54.4
658.0

50
1800.2
211.06

7234
28.84
80.13
2.65
136.14
nfa
7559
238,93
28,79
1062,64
597.27
1.025
1.0t4
75.59

n/a

nfa
238,93

13.10
94.72
25.84
50.46
§55.64
nia
983.55
827.38
158.58
172.28
nia
7.56
4.23
227
623.11
0.04
091
n/a
877
131.72
979.36
960.47
18.89

871.01
17.14
8.86
0.0119
0.0003
-0.0019
1.0363
840.48
16.54

246.18
743
38064.78
3260

4566
449
2397
324

888.2
857.0
3845
46519

8.0
1800.1
160.05

54.86
28.84
60.72
233
119.83
nia
77.50
192.75
28,78
1070.95
524.64
1.028
1.021
77.50
nfa

nfa
192.75
8.55
95.49
19.20
50.71
56,16

n‘a
§52.91
745.82
156.81
168.50

nfa

6.32
376
2.01
543.84
0.04
0.92
nia
8.26
71.03
827.34
794.74
32,60

730.52
20.97
1.59
0.0065
0.0011
-0.0022
1.0418
701.24
28.76

179.24
11.27
28444.86
16.55

3328
682
1792
155

760.6
7300
2668
3458.4

7.0 8.0
1800.1 998.3
105.12 4.28

36.03 0.81
28.84 28.84
59.87 £9.95
2.04 0.89
105.01 46.07
nfa nfa
77.50 81.77
149.20 100.30
28.78 28.77

1067.93 1073.24
460.98 202.21

1.028 1.023
1.020 1.032
77.50 21,77
nfa nfa

na nfa
149,20 100,30
4,68 0.05
94,57 93,99
12,79 134
50,50 50.42
§5.70 55,57
nfa nfa
661.07 278.61
596,91 30715

158.42 167.60
166.50 162.00

nfa nia
5.35 2.06
2.4 0.38
1.08 G.18
A73.77 203.55
0.03 0.1
0.94 0.98
nfa nia
530 1.60
73.21 163.16
594.45 176.76
564.96 146.83
29.49 29.93
528.73 143.20
27.60 29.1%
5.90 1.56
0.0069 0.01569
0.0021 0.0045

-0.0028 -0.0035
1.0608 1.0898
503.16 13141

26.26 26.78
112.04 12.67
8.96 393
18246.04 2188.60
14.22 1419
2078 233
542 238
1213 138
141 141
556.3 1724
5294 158.2
180.6 23.2
21849 280.5

CERTULSE-NDGC xls



COMPANY NAME Isuzu

DATE 8/21/2008
Isuzu 4JG1T
Certified 2007 spec ULSD test fuel; Englne only, gravimetric sample

ENGINE MODEL
COMMENTS:

TEST DATA / MODE NUMBER

RPM

TORQUE thft

HORSEPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F

Laminar flow diff pr in. of H20
Laminar Flow ¢fm

Altitude Barrel Air (degF)

Air Entering Manifold/Turbo (degF}
Boost/dir in Manifold {degfF}

Altitude Bamel Pressure (inHg)
Alfitude (ft}

intake AIR Consumption ths/hr

LAB FACTOR-NA

LAB FACTOR-TURBO

fntake Alr Tomperature DEG F
TurboCharged Air TemperaturederF
Turbocharged Air Pressure {psi)
Boost Air Temp{@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperatura DEG F

FUEL Cunsumption ibs/r

DEW Point DEG F

Grains Water (H20) per i dry air
Cil Temperature DEG F

Exhaust Temperature DEG F

FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Temperature CUT DEG F
Qil Pressure PSi

Inlet Restriction {"H20)

Exhaust Restriction (mmHg}

Exhaust Restriction (inH20)
EXHAUST FLOW LB/HR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

C02% DRY

0 PPM DRY

NOX PPM DRY

NO PPM DRY

NO2 PPM DRY

%02

NO WET

NO2 WET

CO2 WET

COWET

G

R

HUM&TEM CORR FACTOR

NG CCRR

NO2 CORR

GAS EMISSIONS

NO GRHR

NO2 GRHR

CO2 GRHR

€O GRHR

VENT] N RATE.

PART 7, SUBPART E CATEGORY B
NO CFM 25 ppm
NOZ CFM 5ppm
CO2CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURO, EPA, 1SC
NOX ppm{com) EURO EPAISO
NOX GRMHR EURO, EPA, 15O
NOX cfm EURGC, EPA, ISO

PARTICULATE EMISSIONS
Modal Particuiate emission {gr/hr)

weight factor

Weighted Particulate {grihr}

Weighted HP

Weighted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX _{Pl} CFM

MSHA ACC DIESEL LAB

1.0 20
24398 2499.8
180.2 135.0
85.8 64.3
28.38 28.88
61.01 §1.10
4.42 3.98
225,16 203.10
nfa n/a
73.02 74.00
32188 265.84
2881 28.81
1038 1036
985.81 888.76
1.021 1.022
1.008 1.010
73.02 74.00
n/a nia
nfa nia
321.89 265.84
21.89 16.18
96.80 95.61
34.69 26.06
51.482 52,27
58.46 59.42
nia n/a
955.39 805.00
860.80 740.63
160 155.8125
174 166.54688
nfa n/a
15.21 12.96
6.64 5.00
3.58 268
1020.50 914.82
0.03862 0.0293
0.9243 0.9321
nfa nia
7.9 6.5
136.7 8.7
680.7 487.4
646.0 474.9
346 12.4
5952202 4426909
31.9070 115887
7.2TH 8.0732
0.0126 0.0092
0.0012 0.0019
-0.0023 -0.0025
1.0324 1.0334
576.5337 4283780
30,9053 112237
276.52 184.19
227 7.39
51167.00 3827996
56.29 36.88
§130 3417
1374 447
3224 2412
6569 366
627.13 45429
607.44 43860
448.32 289.55
5400 3503
1552 14.48
0.15 0.5
2.33 247
12.863 9.640
46,332 HP
9.020 GR/HR

0.195 (GRIHP-HR)

5308.163

3.0
2498.5
90.0

42.83
28.87
59.41
3.38
173.00
na
73.00
20213
2881
1042
761.58
1.020
1.007
73.00
nia
nfa
202.13
9.88
94.92
17.74
49.93
54.47
na
645,80
559.05
160
167.96875
nfa
10.30
3.16
1.68
778.31
0.0233
0.5445
nia
5.2
78.4
3774
350.6
28.7

3311747
252439
49526
0.0074
0.0026
-0.0028
1.0466
316.4322
241200

115.90
13.53
26582.57
2528

2150
81%
1675
251

356.42

340.55

191.08
2312

9.40
015
141

8422

PART 7, SUBPART E. CATEGORY B

40 50 60 7.0
24994 1800.3 1200.6 1800.4
19.8 211.4 160.0 105.2
94 726 54,9 36.1
28.87 28.36 28.85 28.85
50.57 59.40 60,22 59.47
2.74 2.65 233 205
140.44 135.95 119,94 105.41
nia n/a nia nfa
74.00 75,69 77.00 77.00
137.00 239.36 192.0¢ 148.50
28.80 28.80 28.79 28.79
1048 1053 1062 1058
615.93 598,03 526.21 463.55
1.021 1.024 1.027 1.027
1.008 1.014 1.019 1.018
74.00 75.69 77.00 77.00
n/a n/a nig nia
n/a nfa na nfa
137.00 239,36 192,00 148.50
378 13.14 8.58 4.69
94.84 94.77 95.00 94.14
7.59 25.64 19.18 12.75
50.18 50.60 50.51 §0.30
£5.00 56.31 56.72 5627
WE] nfa nfa n/a
393 88 98616 847.38 65688
38827 831.02 740.44 581.70
160.1875 160.15625 156.04688 157.84375
165 174 168 166
na n/a na nfa
761 7.51 6.29 5.33
160 4.09 372 1.68
0.86 218 1.99 1.06
623.51 623.66 545.41 478.30
0.0123 0.0429 0.0365 0.0275
0.9649 0.9075 09195 0.9364
n/a n/a n/a n/a
2.8 98 8.2 6.3
243.5 137.7 70.8 742
131.4 996.3 830.2 §94.1
1122 964.4 7907 564.4
19.2 31.9 38.5 297
108.2703  B75.1886  727.0317 5204778
18.5375 28.8728 36.3445 27.7806
2,654 8.8695 7 5560 5.8083
0.0235 0.012% 0.0065 0.0069
0.0039 0.0003 0.0011 0.0021
-0.0033 -0.0019 -0.0022 -0.0026
1.0536 1.0361 1.0423 1.0511
1027670 B448911  SOT.S110 5027867
175853 27.9632 34,8688 26.4385
30.12 247.60 178.80 112.55
7.90 12.56 13.69 8.07
1140543 3819871 2839427 19350.77
84.18 3413 1658 14.4¢
559 4593 3317 2088
478 760 828 548
719 2407 1789 1220
638 33¢% 155 144
526 81 904 .16 76338 556.27
12036 87266 73238 52823
54 03 39186 28760 18148
854 4741 30 2196
6.81 1147 6.93 479
.10 0.10 0.10 0.10
0.66 1.15 0.69 c48
0.544 7248 5.486 3605

80
999.1
4.3

0.8
28.85
69.91
0.90
46.36
nfa
91.58
100.44
2879
1060
203.59
1.032
1.031
B1.59
nia

nia
100.44
0.08
94.00
1.28
49,93
54,54
n/a
28061
310.30
156.90625
161
na
203
0.40
021
20487
0.0063
0.9763
na

1.6
163.7
178.5
148.7
3.8

1432419
31.0358

143

174.28

159.44

23.52
285

073
015
an

0.123

CERTULSD-NDOC xIs



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER
RPM

TORQUE Ibit

HORSEPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F

Laminar flow diff pr in. of H20
Laminar Flow cfm

Altitude Barrel Air (degF)

Air Entering Manifoid/Turbo (degF)
BoostrAir in Manifold (degF)

Altitude Barrel Pressure (inHg)
Altitude (ft}

Intake AR Consumption ibs/hr

LAB FACTOR-NA

LAB FACTOR-TURBO

Intake Air Temperature DEG F
TurboCharged Air TemperaturedeF
Turbocharged Air Pressure (psi
Boost Air Temp(@manifold) degF
Boost air Pressure (@manifold) psi
FUEL Temperature DEG F

EUEL Cunsumption lbsfr

DEW Polnt DEG F

Grains Water (H20) per ib dry air
Qil Tamperature DEG F

Exhaust Temparature DEG F

FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Tamperature OUT DEG F
Qil Pressurs PS|

Iniet Restriction {"H2Q)

Exhaust Restriction (mmig)
Exhaust Restriction {inH20)
EXHAUST FLOW LEVHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

CO2 % DRY

CO PPM DRY

NOX PPM DRY

NO PFM DRY

NOZ PPM DRY

%02

NO WET

NO2 WET

CO2 WET

COWET

G

R

HUMBTEM CORR FACTOR

NO CORR

NO2 CORR

GAS EMISSIONS

NO GRHR

NO2 GRMR

C0O2 GRHR

CO GRHR

VENTI N RATE.

PART 7, SUBPART E CATEGCRY B
NO CFM 25 ppm
NO2 CFM 5 ppm
C02 CFM 5000 ppm
CO CFM 50 ppm

NOX ppm - wat EURO, EPA, IS0
NOX ppm{comr) EURC,EPA.IS0
NOX GR/HR EURQ, EPA, IS0
NOX ofm EURC, EPA, ISO

DPM EC/OC DATA
EC

TC

Isuzu &JG1T
Certifled 2007 spec ULSD test fuel, Engine only, ecloc sample

1.0
2600.0
1776

84,5
28.84
60.21
4.38
22374
nia
73.38
315.08
28.78
1054
981.13
1.022
1.008
73.38
n‘a
nfa
319.08
21.63
96.00
33.98
50.64
56.01
nia
94572
848.88
166.98438
180
nfa
15.18
6.61
354
1015.11
0.0346
0.6229
n/a
7.3
1328
671.3
8334
37.9

554 5357
350128
1am
0023
0.0013
0.0023
1.0386
562.620%
3.2

268.52
2464
50187.20
54.50

4981
1450
3162

542

61955

596.53

43599
5275

TWA (ug/m3)
TWA (ug/m3)
TWA (ug/m3)

25116
10718
36093

MSHA ACC DIESEL LAB

2.0
2449.0
136.3

64.4
2884
59,91
3.94
201.10
nia
74.00
265.42
2878
1068
282.49
1.023
1.010
74.00
n/a
na
265.42
16.16
96,28
26,74
50,79
56,34
na
804,69
738.80
1605
1716625
nfa
13.00
5.04
270
908.23
0.0282
0.9331
nia
6.5
98.0
499.6
477.4
22

445.4129
207286
6.0649
0.0051
0.0019
-0.0025
1.0412
4277825
19.8081

182.61
13.02
3796281
38.39

3387
787
2391
362

466,14

44769

29276
3542

10935
0786
40713

3.0
2499.0
80.1

42.9
28.83
59.51
3.37
172.58
n/a
74.14
20388
2877
1074
768.23
1.024
1.011
74.14
nfa
nfa
203.86
9.28
96.86
17.70
50.67
56.06
nia
649.73
604.02
160
168
nia
10.35
318
1.70
775.54
00233
0.9440
nfa
6.3
780
370.3
348.0
222

328.5515
209775
49811
0.0075
0.0026
-0.0028
1.04%1
314.3692
20.0720

114.65
11.24
26630.04
2533

2127
678
1678
252

4853

I3 44

135.84
2261

19728
9364
29292

40 50
2498.5 12001
18.8 210.7
94 72.2
28.83 28,83
59.74 60.87
21 2,66
138.83 136.33
nia nia
74.00 75.50
138.50 23860
28.77 2878
1077 1072
609.64 5986.52
1.023 1.028
1.011 1.014
74.00 75.50
na nfa
nia n/a
138.50 238.50
374 13.06
95.92 94.67
T.02 26.04
49.96 50.32
§4.63 548.37
n/a nia
401.18 860.95
398.44 823.72
161.95313 15695313
166 170.5625
n/a n/a
769 782
1.64 4.38
0.88 234
616.66 622.56
0.0115 0.0437
0.9664 0.9062
na nfa
28 2.8
239.5 125.8
1346 962.4
114.2 956.6
204 59
103613 8868338
19.7308 5.3069
2.8577 8.8382
0.0231 0.0114
0.0040 0.0002
-0.0033 00018
1.0552 1.0365
1045875  B3S2TM
18.6982 5.1198
30.31 24470
8.30 229
11202.09 37910.86
6251 Nno7
562 4539
502 139
711 2388
621 309
130.08 B72.14
123.29 841.29
54.74 37715
662 4563
13010 34517
14488 10348
27498 44872

6.0
1798.7
160.1

54.9
28.83
61.22
233
119.72
nfa
78.00
183.50
28.77
1080
523.07
1.029
1.022
78.00
nfa

nia

193.50
8.52
95.98
18.21
50.92
56.61
nia
858.44
751.20
157.57813
169
n/a
535
381
2.04
542.28
0.0367
0.918%
nia
8.3
711
8245
798.8
257

TH40180
23.5020
76266
0.0065
0.0010
-0.0022
1.0412
T04.9544
226562

179866
8.85
28495 46
15.52

3333
535
1795
154

75761

78182

284.0%
3437

23256
8618
31874

PART 7, SUBPARTE CATEGQRY B

7.0
1788.8
1051

36.0
28.83
60.27
2.03
104.60
nia
78.00
149.89
2877
1078
458.41
1.028
1.022
78.00
n/a

n/a
143.89
4.67
95.00
12.82
50.70
56.13
nia
86527
60211
159
167
n/a
5.37
2.04
1.08
47123
0.0280
0.9353
nfa

6.3
2.3
594.9
5655
203

528.9830
27.4086
5.8927
0.0058
0.0021
-0.002¢
1.0505
503.5303
26.0838

111.52
8.85
19132.31
1395

2069
535
1205
139

556.38

529.62

179.69
2174

16370
10689
27058

8.0
2975
4.3
0.8
28,83
59.98
0.89
45.79
nfa
81856
100.16
26876
1086
200.82
1.034
1.032
81.95
nfa

n/a
100.16
0.06
93.98
1.41
50,82
56,60
nia
276.61
304.00
158 20668
163
nia
2106
033
017
202.23
0.0070
0.9744
n/a

1.6
1826
175.0
146.%
281

143.1650
273444
15581
0.0158
0.0045
-0.003%
1.0864
141.7752
25.1689

12.53
3.66
2172.38
14.04

232
222
137
139

17051
156.94

26

8403
9002

CERTULSD-NDOC.xls



Fuel Test Data on isuzu 4.!T1T Engine

249
24827
122.48

58.29
29.04
61.62
3.84
186.89
nfa
11.00
246.84
29.01
849.56
862.97
1.011
0,997
71.00
nia

nia
246,84
14,65
96.22
22,36
47.39
49.22
na
177.41
134.68
161.48
171.4¢

n/a

12.93
16.27
8.17
885.83
0.03
0.94
nia
5.88
.06
35249
303,19
49.31

284.89
46,33
5.62
0.0000
0.0022
-0.002¢
1.0548
270.14
43.93

112.50
28.04
33702.06
0.00

2087
1696
2123

0

331.2
341
200.4
24242

Fuel: PetroSA Fischer-Tropsch Synthetic diesel
Engine:_ Isuzu 4JG1T

DocC: ECS Purifier A16-0119

COMPANY NAME Isuzu

DATE

ENGINE MODEL Isuzu 4JG1T

COMMENTS: AVERAGE DATA

TEST DATA / MODE NUMBER 10
RPM 2489.8
TORQUE ibit 182.85
HORSEPOWER 77.41
Barometric Pressure INHG 29.05
Laminar flow air temp DEG F 81.12
Laminar flow diff pressure in. of H20 4.34
Laminar Flow cfm 220,99
Altitude Barre! Air (degF) nia
Alr Entering Manifoid/Turbo (degF} 70.74
Boost/Air In Manifold (degF) 302.45
Altituce Barrel Pressurs (inHg) 29.01
Alftitude (ft) B48.76
Intake AIR Consumption lbs/hr 975.09
LAB FACTOR-NA 1.009
LAB FACTOR-TURBQ 0.994
Intake Air Temperature DEG F 70.74
TurboCharged Air TemperaturedeF n/a
Turbocharged Air Pressure (psf) n/a
Boost Air Ternp{@manifold) degF 302.45
Boost air Pressure {@manifold) psi 20.38
FUEL Temperature DEG F 94.88
FUEL Cunsumption Ibs/hr 30.43
DEW Polnt DEG F 4710
Grains Watar {(H20) per Ib dry air 48.66
Cil Temperature GEG F n/a
Exhaust Temparature DEG F 912.81
FINAL EXHAUST TEMP 850.02
Coolant Temperature IN DEG F 183.00
Coolant Temperature CUT DEG F 175.44
Qil Pressure PS! nfa
Inlet Restriction {"H20} 15.42
Exhaust Restriction {mmHg) 20.68
Exhaust Restricton (inH20) 1107
EXHAUST FLOW LB/HR 1005.52
FUEL /AIR RATIO 0.03
J CONVER 0.93
ECH4 % DRY nia
€02 % DRY 5.95
CO PPM DRY 1.00
NOX PPM DRY 475.53
NO PPM DRY 442,22
NO2 PPM DRY 63.32
%02

NO WET 383.74
NO2 WET £8.95
CO2 WET 6.47
COWET 0.0001
G 0.0017
R -0.0024
HUMETEM CORR FACTOR 1.0634
NO CORR 364.30
NO2 CORR 65.95
GAS EMISSIONS

NO GR/HR 172.19
NOZ GR/HR 40.48
C02 GRHR 44826.11
COGRHR 041
VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 2% ppm 3194
NC2 CFM 5 ppm 2449
CQO2 CFM 5000 ppm 2824
COCFM 50 ppm 4
NOX ppm - wet EURO, EPA, i50 442.7
NOX gpm(corr} EURQ,EPA,ISO 420.2
NOX GR/HR EURO, EPA, 180 304.3
NOX ofm EUROD, EPA, IS0 3881.3

PARTICULATE EMISSIONS

Modal Particulate emission {grihr}
waight factor

Welghted Particulate (gr/hr}

Welghted KP

Waighted Average HP

Waighted Average PARTICULATE

PAR LATE INDEX CFM

MSHA ACC DIESEL LAB

3.0
2489.6
82.5%
3N
29.04
61.19
3.33
170.14
nia
71.51
192.54
29.01
865,72
750.13
101
0.998
71.51
n/a
n/a
192.54
9.23
96.50
15.89
47.29
49.05
nia
628.82
603.23
163.86
171.09
nfa
10.42
10.33
5.83
766.02
0.02
0.95
n/a
477
0.00
278.81
258.78
2003

245.73
18.02
4.63
0.0000
0.0028
-0.0029
1.0688
232.08
17,96

83,87
9.90
23906.04
0,00

1550
593
1506
0

264.8
250.0
1379
1668.7

4.0
2498.7
20.01
9.52
29.04
8172
2713
140,22
nia
T72.01
135.76
29.00
858.1%
&617.29
1.012
0.999
72.01
nia
nfa
138.75
3.84
96.55
697
41.21
48.89
n/a
400.38
401.01
165.00
170.00
na
7.87
5.88
315
624.27
2
0.97
nia
2.59
2.00
101.66
101.26
0.40

98.04
0.39
2.51

0.0002
4.0040
-0.0033
1.0663

MM

0.36

26.97
0.1¢
10777.87
053

500
679
954
923

9.5
601.9

PART 7, SUBPART E, CA’

50
1800.3
192.87

6.1
29.03
61.67
2.57
131.72
na
73.50
220.23
28.99
869.51
579.78
1.014
1.003
73.50
nfa
nfa
220,23
11.63
95.81
2293
47.18
43.84
nia
946.67
830.48
160.87
173.28
nfa
7.39
10.99
5.88
802.71
0.04
0.92
n/a
8.75
1.60
720,60
£20,88
99,73

568.28
91.27
8.01
0.0001
0.0007
-0.0021
1.0814
540.50
86.81

153.10
787
33287.31
0.36

2840
2278
2096

4

659.6
627.3
722
1293.2

RY B

$0
1800.3
145.09
49.73
29.02
61.40
2.27
116.91
nia
74.89
178.62
28.99
870.03
£14.95
1.016
1.007
74.39
nfa
nfa
178.82
7.63
94.49
16.87
41.26
48.99
na
816.24
739.94
159.48
163,76
nfa
6.25
.20
4.93
531.81
0.03
0.93
nia
7.30
2.00
560.19
447.44
11275

415.21
104,62
677
0.0000
0.0018
-0.0024
1.0682
392.37
98.87

98.08
37.88
24822.01
0.06

1819
2289
1564

§19.8
431.2
1881
22756

7.0
1800.5
97.44
33.41
28.02
61.73
2,05
105.43
n'a
75.02
142.41
28.98
877.15
463.89
1.016
1.008
75.02
n/a
n/a
142.41
4.42
94.58
11.54
41.10
48.71
n/a
830.52
580.28
162.74
470.00
nia
5.40
540
2,88
47543
0.02
0.94
nfa
5.59
0.00
432.03
375.03
57.00

353.54
53.72
5.27
0.0000
0.0024
-0.0027
1.0663
331.56
50.39

T74.08
17.24
17274.02
0.00

1374
1043
1088

0

407.3
3819
130.7
1581.5

8.0
974.4
9.36
1.74
29.02
61.63
0.91
47.01
nfa
78.00
94.49
28,98
882,85
206.91
1.020
1.016
78.00
n/a

nfa
94,49
0.13
92.60
1.42
47.19
48.97
nfa
256.66
266.76
165.50
168.95
nfa
2.03
1.20
0.64
208.33
0.01
0.98
nfa
1.73
40,00
177.66
177,63
0.04

173.36
0.04
1.69

0.0039

0.0045

-0.0035

1.09569

158.17
0.03

15.49
242038
357
287

162
35

173.4
158.2

237
2871

FTSYN-DOC.xis



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu 4JG1T

TEST DATA / MCDE NUMBER
RPM
TORQUE Ibft
HORSEPOWER
Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar flow diff pressure In. of H20
Laminar Flow ¢fm
Altitude Barrel Air {degF)
Air Entaring Manifoid/Turbo (degF}
Boast/air in Manifold (degF)
Altitude Barrel Pressure (inHg)
Alfitude (%)
Intake AIR Consumption ibshr
{.AB FACTOR-NA
LAE FACTOR-TURBC
Intake Air Temperature DEG F
TurboCharged Alr TemperaiuredeF
Turbocharged Air Pressura (psi)
Boost Air Temp{@manifoid) degF
Boost air Pressure (@imanifold) psi
FUEL Temparature DEG F
FUEL Cunsumption tbs/hr
DEW Polnt DEG F
Grains Water (H20} per ib dry air
Oil Temperature DEG F
Exhaust Temperature DEG F
FINAL EXHAUST TEMP
Coolant Temperature IN DEG F
Coolant Temperature QUT DEG F
il Pressura PS)
Inlet Restriction {"H2C)
Exhaust Restiction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LBHR
FUEL /AIR RATIO
J CONVER
ECH4 % DRY
C02 % DRY
CO PPM DRY
NOX FPM DRY
NO PPM DRY
NO2 PPM DRY
%02
NO WET
NOZWET
COZ2WET
CO WET
G
R
HUMETEM CORR FACTOR
NO CORR
NO2 CORR

EMISSI
NO GRHR
NOZ GRHR
CO2 GRHR
CO GR/HR
VENTILLATION RATES
PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NOZ CFM 5 ppm
CO2 CFM £00C ppm
COCFM 50 ppm

NOX ppm - wet ELIRO, EPA, ISC
NOX ppmicem) EURC,EPA ISC
NOX GRHR EURQ, EPA, IS0
NOX ofm EURQ, EPA, ISO

PARTH ONS
Modal Particulate emission (gr/hr)
walght factor
Welighted Particulate {grir)
Weighted HP
Weighted Average HP
Weighted Average PARTICULATE

PARTIH TE INDEX (Pl

9/24/2008

MSHA ACC DIESEL LAB

1.0 20
2499.8 2499.8
164.6 124.9
784 58.5
29.07 29.06
£60.70 61,12
4.36 .87
221.63 197.64
nfa nfa
70.00 70.00
303.05 24969
29.04 2004
827 az4
979.85 872.39
1.007 1.009
0.991 0.992
70.00 70.00
n/a na
n'a na
303.05 24968
20.60 15.08
94.00 94.44
30.79 23.45
47.18 47.35
48,75 4910
n/a nia
915.86 784.47
453.68 742.94
183 161
175878 171.07813
nia nia
15.50 13.10
2115 15.91
11.32 8.52
1010.65 895.85
Q.0314 0.0269
0.9305 0.9389
na n/a
7.0 6.0
20 0.0
482.4 360.5
425.6 308.4
568 522
3960311  280.5381
52.8468 48,9768
§.5135 55881
0.0002 0.0000
0.0017 0.0022
-0.0024 -0.0026
1.0519 1.0526
176.5056  275.0855
50.2412 46.5337
178.84 11583
36.56 30.01
45356.00 34491.79
0.82 0.00
3318 2149
2211 1816
2857 2173
8 [+]
44888 338.52
426.75 32163
310.53 207 45
rs7 2570
1270 261
0.15 0.15
1.81 1.44
11.753 4.820
43.003 HP
6.060 GR/HR

{.141 {GR/HP-HR)

3566.260

3.0
24895
85.2
40.6
29,06
61.2%
M
170.88
na
71.00
194 85
20,03
834
753.82
1.019
0.995
71.00
n/a

na
194,95
a.57
94,98
16,36
47,35
49,11
nfa
83797
81078
163.8125
171
nia
10.57
1078
575
77018
0.0247
0.9486
nia

4.9

0.0
2851
266.6
18.5

252.930%
17.5403
4.6007
0.0000
0.0028
-0.0028
1.0570
239.2080
16.5049

86.62
820
24413.95
0.00

1607
557
1638

270.47

255.80

141.80
1717

8517
015
037

6.084

40
2498.3
20.0

98
29.08
61.62
2.72
13972
nia
71.02
135.50
26.02
840
615.61
1.010
0.997
71.02
nla
nia
135.50
.88
95.08
7.08
47.36
48.13
nia
401.81
402.88
165
170
nfa
7.84
599
3.21
82267
00115
0.9678
nia
2.8
0.0
102.3
1016
07

99.04
9.3
4183

4.01
210
0.40

0.952

5.0
1800.5
1936

664
29.04
61.58
255
130.96
n/a
73.00
22095
28.01
851
576.85
1.013
1.002
73.00
nia
nia
220.95
11.72
84.58
23.09
47.30
49.06
nia
§50.97
835.88
161.85938
174.0625
n/a
7.38
10.96
587
590.94
0.0400
09144
nia
8.3
30
7339
£29.8
104.0

§75.8728
95.1240
8.0483
0.0003
0.0007
-0.0020
1.0503
548 3189
90 5726

15461
3812
33260.01
Q.72

2868
2367
2095

T

671.00

638.80

275.97
2339

7.70
o.10
0.77

6638

PetroSA coal derived Fischer-Tropsch Synthetic Fuel, Englne with ECS DOC, Gravimetric sample

6.0
1200.4
146.1
49.8
29.04
61.59
2.25
115,68
n/a
74,00
178.3¢
2901
852
508,07
1.018
1.006
74,00
va
nfa
178.39
7.68
94.00
16.86
47.22
48.91
nfa
81589
74013
158 46875
169
n/a
8.25
9.28
4.98
525.93
0.0321
0.8273
na
1.3
0.0
561.5
446.9
11886

413.5034
107.1668
6.7683
£.0000
.0015
-0.0023
1.0867
391.30t5
101.4129

9873
38.40
2452970
0.00

1794
2323
1545

0

52087

4921

186.58
2257

PART 7, SUBPART E, CATEGORY B

T0
1800.8
93.9
343
29.04
61.68
203
104.54
n/a
75.00
144.00
2800
860
460.29
1,096
1.007
7500
nfa
wa
144.00
4.54
94,16
1.87
47.05
48.62
n'a
84045
598.03
162 48438
170
nfa
5.40
5.55
297
47215
0.0258
0.9411
nia

57

0.0
445.4
383.5
61.9

360.9142
582128
5.3657
0.0000
0.0023
-0.0027
1.0667
338.6663
54.6244

75.15
18.57
17455.50
0.00

1394
1123
1100

0

419.13

392.29

13270
1618

255
0.0

3.426

8.0
9734
9.t
1.7

29.04
61.62
0.39
46,18
nia
78.00
94.50
28.59
866
203.38
1.020
1.018
78.00
nfa

nfa
94.50
0.18
92.20
1.40
47.27
48,99
nia
260.11
274.14
165
188.89063
nia
1.99
121
085
20479
0.0089
0.9763
nia

18
38.0
178.0
177.9
o1

173.7335
0.0762
113
4.0037
0.0045

-0.0035
1.0954

168.5960

0.0641

15.26
o
2417.23
3.33

283
1
152
33

173.80

2339
283

019
0.1%
0.02

0283

FTSYN-DOC.xls



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER
RPA

TORQUE Ibft

HORSEPOWER

Barometric Prassure INHG
Laminar flow air temp DEG F
Laminar flow dHf p @ in. of H20
Laminar Flow cfm

Altitude Barrel Air {degF)

Air Entering Manifold/Turbo (degF)
Boost/Air in Manifold (degF)
Altifude Barrel Pressure (inHg)
Altitude (ff)

intake AIR Consumption Ibs/Rr
LAB FACTOR-NA

LAB FACTOR-TURBO

intake Air Temperature DEG F
TurboCharged Air Temperaturedef
Turbocharged Air Pressure (psi
Boost Alr Temp(@manifoid) degF
Boost air Pressure (@unanifold) psi
FUEL Temperature DEG F

FUEL Cunsumption lbs/hr

DEW Polnt DEG F

Grains Water (H20) per Ib dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEGF
Coolant Temperature QUT DEG F
Oil Pressure PSI

Inlet Restriction ("H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LB/HR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

€02 % DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NQ2 PPM DRY

%02

NO WET

NOZ WET

CQZ WET

COWET

G

R

HUM&TEM CORR FACTOR

NO CORR

NO2 CORR

GAS EMISSIONS

NO GR/HR

NO2 GR/HR

CO2 GRHR

CC GRMHR

VENTILLAYION RATES

PART 7, SUBPART E CATEGORY B

NOCFM 25 ppm
NO2 CFM 5 ppm
€02 CFM 5000 ppm
CO CFM 50 ppm

NOX ppm - wet EURO, EPA, ISC
NOX ppm{com) EURO,EPA,ISO
NOX GRHR EURQ, EPA, IS0
NOX cfm EUROQ, EPA, ISO

DPM EC/OC DATA
EC

TC

Isuzu 4JGAT
PetroSA coal derived Fischer-Tropsch Synthetic Fuel, Engine with ECS DOC, ECIOC sample

1.0
24998
160.7

76.5
29,02
61,54
4,33
220,36
na
71.48
301.88
2899
870
970.33
1.011
0.997
71.48
nfa
na
301.86
20.12
95.75
30,07
47,02
48,56
nia
80977
846.47
163
175
na
1534
20.21
1082
1000.40
0.0310
0.9314
nfa

6.9

0.0
468.7
3988
69.8

3714549
B65.0477
6.4265
0.0000
0.0017
-0.0024
1.0560
3562.0850
&61.6567

165.55
44.41
44296.13
¢.00

3071
2686
21T

436.50

41374

298.01
3606

TWA (ug/m3)
TWA (ugim3)
TWA (ugim3)

24665
6425
31054

MSHA ACC DIESEL LAB

20
2499.6
120.0

871
29.02
61.92
3.80
194.13
nfa
72.00
244.00
23.98
875
853.56
1.013
1.000
72.00
n/a
nfa
244,00
14.22
98.00
22.26
47.43
49.33
nia
770.36
72642
161.93438
171.71875
na
1276
1483
7.83
a875.81
0.0261
0.8404
nfa
6.8
0.0
344.5
298.0
46.5

2802524
438802
54542
0.0000
00023
0.0027
1.0567
265.1925
41,3358

10816
26.07
3291232
Q.00

2025
1577
2073

L]

32291

306.53

19320
2338

20418
5501
25919

30
2499.5
80.0

381
29.02
6113
3.31
169.35
na
72.02
190.13
28.98
878
T46.44
1.013
1.000
7202
n/a
n/a
18013
8.90
98.02
15.41
47.24
48.98
nia
81667
59567
163 90625
171
n/a
10.27
892
53
761.86
0.0206
0.9506
nia
47
2.0
2725
250.9
218

2385241
20,5005
44575
0.000¢
0.002%
-0.0029
1.0607
2248739
19.2269

80.52
10.60
23398.12
0.00

1484
641
1474

259.03

244.20

133.95
1621

16726
4653
15380

PARTT.

4.0
2499.0
20.0

9.5
23.02
61.82
2.74
140,72
n'a
73.00
136.00
2898
877
618.98
1.013
1.001
73.00
nia
na
136.00
380
98,00
5,89
47.05
48,65
n/a
398.95
39914
165
170
nia
780
676
308
62587
0.0111
0.9685
n/a
28
4.0
101.0
100.5
01

97.7502
0.0515
24954
0.0004
0.0040

-0.0033
1.0712

81.2531

0.0430

26.84
.02
10760.52
1.06

498

678
11

97.30

81.30

41.14
458

11380
4643
16023

BPART

5.0
1800.1
1821

65.8
29.01
61.76
2.58
13248
nfa
74.00
21850
28.97
888
58272
1.015
1.004
T74.00
nia

na
219.50
11.85
97.05
2277
47.05
48.62
nia
94238
825.09
459875
172.5
nia
741
11.01
580
605.48
0.0391
0.9162
n/a

8.7
0.0
707.4
€11.9
95.4

560 6354
474242
7.8713
£.0600
0.0008
0.0021
1.0526
5326743
83,0568

15189
821
33254.61
0.00

2812
2190
2095

848.91

§15.73

26843
3248

27878
4893
12713

ATEGORY

50
1800.2
1450

49.7
29.01
61.20
2.30
118.23
n/a
75.78
1798.25
28.97
888
520.82
1.017
1.009
75.78
nfa
nfa

179.25
7.68
94.98
16.87
47.2%
49.07
nfa
816.59
739.75
1605
170.51563
nia
6.24
9.13
4.89
537.69
0.0324
0.9286
nia
T3
2.0
558.9
4490
1069

416.9245
102.0772
6.7790
0.0000
0.0015
-0.0024
1.0587
293434
96.3257

99.43
37.29
2511432
Q.00

1844
2256
1582

519.00
485.76
189.61

Z204

18509
4497
23006

10
1800.2
5.0
325
29.01
81.77
207
106.31
n/a
75.05
14083
28.96

467.49
1.017
1.008
75.05
nia
nfa
140.83
430
95.00
11.22
47.15
48.81
nia
620.58
581.53
183
170
nfa
5.40
525

281

47871

0.0240

09444

nia
5.5
0.0
418.7
366.6
521

348.1677
49.23N
5.1822

0.0025
-0.0027
1.0670
224 4429
46.1472

73.00
15.91
17092.54
0.00

1354
962
1077

395.40
370.59
127.73

9195
3598
12785

80
975.4
496

18
29.01
61.63
0.93
47.84
nia
78.00
94.48
28.98
809
210.44
1.021
1.017
78.00
nfa
nfa
94.48
0.10
93.00
1.43
47.10
48.75
nfa
253,20
259.38
166
169
nfa
206
1.18
0.63
211.87
0.0068
0.9766
nfa
17
42,0
771
1771
0.0

172.9587
0.0031
1.6802
C.0041
0.0045

-0.0035
1.0084

167 7492

0.0028

1671
0.00
2423.52
3.81

291

153
38

172.96

15775
24.08

2450
216

FTSYN-DOC.xls



Fusl Test Data on Isuzu 4JT1T Engine

MSHA ACC DIESEL LAB

Fuel: PetroSA Fischer-Tropsch Synthetic diesel
Engine: Isuzu 4JG1T
DacC: NONE
COMPANY NAME lsuzu
DATE
ENGINE MODEL Isuzu 4JG1T
COMMENTS: AVERAGE DATA
TEST DATA / MODE NUMBER 1.0 2.0
RPM 2500.5 25003
TORQUE Ibft 158.31 120,08
HORSEPOWER 7537 5TAT
Barometric Pressure INHG 28.87 28.97
Laminar flow air temp DEG F §9.85 59.70
Laminar fiow diff p e In. of H2Q 435 3.87
Laminar Flow cfm 221.75 197.31
Altitude Barrel Air (dogF) nfa n/a
Air Entening Manibid/Turbo (degF) 69.50 70.00
Boost/ir In Manifold (degF) 100.63 245.07
Aititucle Barrel Pressure (inHg) 28.86 28.86
Aititude (f} 990.96 996.48
intake AIR Consumpfion ibs/hr 930.14 872.42
LAB FACTOR-NA 1.010 1.010
LAB FACTOR-TURBO 0,992 0.993
Intake Air Temperature DEG F 69,50 70.00
TurboCharged Air TemperaturedoF nia nia
Turbocharged Air Pressure (psi) nia nia
Boost Air Temp(@manifold) degF 300,53 245.07
Boost air Pressure (@manifold) psi 20.45 14.80
FUEL Temperature DEG F 94,27 94.78
FUEL Cunsumption tbs/hr 29.91 72.31
DEW Polnt DEG F 45.42 45.30
Grains Water (H2Q) per ib dry air 45.76 45.57
Oil Temperature DEG F n/a nia
Exhaust Temperature DEG F 234.33 760.50
FINAL EXHAUST TEMP 813.52 703.80
Coclant Temperature IN DEG F 162.29 160.75
Coolant Temperature OUT DEG F 174.20 170.71
Qil Prassure PS] nia nia
inlet Restriction (*H20) 15.33 12.85
£xhaust Restriction (mmHg) 6.16 4.58
Exhaust Restriction (inH20) 130 245
EXHAUST FLOW LBHR 1010.06 £94.73
FUEL /AIR RATIO 0.03 0.03
J CONVER 0.93 0.94
ECH4 % DRY nfa nia
cO02 % DRY 6.79 575
CO PPM DRY 112.53 84.31
NOX PPM DRY 478.37 367.99
NO PPM DRY 452.44 345837
NOZ2 PPM DRY 26.93 22,62
%02
NO WET 42206 32529
NOZ2 WET 2418 21.31
02 WET 6.13 £.41
COWET 0.0106 0.0073
G 0.0018 0.0023
R -0.0026 -0.0027
HUMATEM CORR FACTOR 1.0687 1.0624
NO CORR 198.68 306.28
NO2 CORR 22.85 20.06
GAS EMISSIONS
NC GRMHR 189.28 128.80
NC2 GRHR 16.61 12.82
€02 GRHR 44068.42 33373.94
CO GRHR 48.48 31.13
TION RATES
PART 7, SUBPART E CATEGORY B
NO CFM 2% ppm 51 2389
NO2 CFM 5 ppm 1005 782
CO2 CFM 5000 ppm 2776 2103
CQOCFM 50 ppm 462 309
NOX ppm - wet EURO, EPA, IS0 446.3 346.7
NOX ppmicorm) EURO EPA ISC 4218 328.3
NOX GRHR EURD, EPA, 180 306.6 2102
NOX eofm EURO, EPA I1SO 37081 25435

PARTICULATE EMISSIONS

Modal Particulate emisslon (gr/hr)
weight factor

Welghted Particulate (grhr)

Weighted HP

Weighted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX (PI} CFM

3.0
2498.9
80.08
38.12
28.96
£9.82
334
170.80
n/a
70.00
189.08
28.85
1000.20
755.28
1.010
0.994
70.00
na
nfa
189.09
§.22
94.92
15.40
45.21
45.44
nfa
613.95
§75.48
163.00
170.05
n/a
10.28
2.93
1.57
770.68
0.02
0.95
nfa
4.60
84.99
274.78
253.05
N7

240.87
20,89
4,38
0.0081
0.0029
-0.0029
1.0653
226.11
19.42

81.90
10.78
23250.68
27.31

1519
652
1465
271

261.6
245.5
136.2
16483

4.0
24881
20.03
9.53
28.96
60.57
2.80
143.28
n/a
70.00
134.17
28.85
1005.41
631.63
1.011
0.994
70.00
na
nfa
13417
4.02
94.49
B8.97
45,39
45.75
nia
397.23
389.48
164.50
169.14
na
7.81
1.61
0.86
638.60
0.01
0.87
nia
2,52
186.40
102.75
82.64
2010

80.11
19.4%
245
4.0181
0.0040
-0.6032
1.0688
74.95
18.23

22.50
8.38
10758.86
50.54

M7
507
678
502

99.6
93.2
428
5183

50
1800.0
189.69

65.01
28.95
60.60
262
134.53
nia
71.27
216.48
28.84
1006.85
592,95
1.013
0.998
71.27
na

n/a
216.48

11.68
92.95
22.30
45.42
45.80
nia
924.97
788.92
188.00
170.50
nia
7.29
461
2.47
615.25
0.04
0.92
n/a
8.53
83.94
T62.72
731.78
30.94

672.96
28.45
7.88
0.0077
0.0009
-0.0021
1.0573
636.49
26.91

184.05
11.92
33257.19
20.80

3414
721
2095
207

T01.4
663.4
2939
36555

PART 7, SUBPART E, CATEGORY B

50
1800.0
142.41

43.81
28.95
60.69
233
119.57
n/a
72.80
175.91
28.84

1008.99

£26.88
1.014
1.001
12.50
n/a

n/a
175.91
7.74
93,00
16.54
4541
45,73
Wa
800.63
706.47
159.88
169.68
nfa
616
315
1.69
543.41
0.03
0.93
nfa
715
72.66
807.46
£79.15
28.31

539.32
28.37
6.6¢
0.0068
0.0017
-0.0024
1.0632
5G7.28
24.80

129.58
9.70
24930.60
16.10

2404
587
1571
160

565.7
5321
208.2
25189

70
17989
95,18
32.62
28.95
§9.72
z.08
106,78
nfa
72.50
138.46
28.84
1010.86
471.88
1.014
1.001
72.50
nfa
n/a
138.46
447
92.51
11.24
45.27
4552
nia
620.03
566.19
162.00
169.30
nfa
5.29
0.88
0.47
483.12
0.02
0.38
n/a
5.49
81.26
448.37
415.64
3273

492.96
30.96
5.18
0.0077
0.0026
-0.6028
1.0697
I67.36
28.93

83.41
10.06
17291.59
16.26

1547
609
1089
162

423.8
3863
1378
1667.7

ao
9728
9.61
1.78
28.95
5§9.57
0.92
47.43
nfa
74.50
93.66
28.84
1010.63
209.68
1.018
1.008
74,50
nfa
nfa
93.66
0.26
90.27
137
45.20
45.42
na
291.42
30269
163.81
167.18
nia
1.93
0.46
0.24
211,08
0.01
0.98
nfa
1.75
95,96
179.90
153.91
25,99

150.4%
25.41
1.7
0.0094
0.0045
-0.0035
1.0925
137.74
23.26

13.66
453
2468.12
8.67

253
214
157

86

175.9
161.0

24.5
236.0

FTSYN-NDOC xls



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

isuzu

TEST DATA / MODE NUMBER

TORQUE ibft

HORSEPOWER

Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar flow diff prassure in. of H20
Laminar Flow &fm

Altitude Barrel Air (degF)

Air Entaring Manifold/Turbc (degF)
Boost/Air In Manifold {degF)
Altituce Barrel Frassure finHg)
Altitude ()

Intake AIR Consumption lhs/hr
LAB FACTOR-NA

LAB FACTOR-TURBO

Intake Alr Temperature DEG F
TurboCharged Air TemperaturedeF
Turbocharged Air Pressure {psi)
Boost Alr Temp{@manifold) degF
Boost air Prassure {@manifold} psi
FUEL Temperature DEG F

FUEL Cunsumption ths/hr

DEW Point DEG F

Grains Water (W20} per lb dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Temperature CUT DEG F
Qil Pressure PSI

Imlst Restriction ("H20}

Extiaust Restriction {mmHg)
Exhaust Restriction {inH20)
EXHAUST FLOW LEVHR

FUEL /AIR RATIO

J CONVER

ECH4 % DRY

C02% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NO2 PPM DRY

%02

NGO WET

NO2 WET

CO2WET

COWET

G

R

HUMATEM CORR FACTCR

NO CORR

NC2 CORR

GAS EMISSIONS

NO GRMR

NQ2 GRMHR

CO2 GRMR

CO GRMHR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NO2 CFM £ ppm
CO2CFM $000 ppm
CO CFM 50 ppm

NOX ppm - wel EURC, EPA, 1SO
NOX ppm(corr) EURO,EPA,ISO
NOX GR/MR EURO, EPA, 15C
NOX cofm EURO, EPA, 150

ILATE E| 10N,
Modal Particulate emlsslon {grmr)

weight factor

Welghted Particulate (grhr)

Weighted HP

Weighted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX (P} CFM

9/24/2008
Isuzu 4JG1T
PetroSA coal derived Fischer-Tropsch Synthetic Fuel, Engine Only, Gravimetric sample

MSHA ACC DIESEL LAB

10 20
2500.9 2498.7
160.4 1189
76.4 571
28.99 28,98
59.70 59,68
4.39 3.85
223.54 196.51
nia n/a
69.00 70.00
30323 244 53
28.88 2887
974 880
989,07 869.32
1.009 1.010
0.991 0.993
69,00 70.00
n/a n/a
nia n/a
303.23 244 .53
20.74 1474
93.59 93.68
30.47 22.28
45.40 4535
45.89 45.65
nfa nia
903.13 758.58
82691 705.47
162 161
17401563  170.8375
nfa n/a
15.42 1276
£.30 458
3.37 245
1019.53 89169
0.0308 0.0258
0.9323 0.942¢
nfa nia
5.9 58
1"7.2 84.6
480.4 367.8
4559 344.5
2486 233
4250286  324.52T1
228892 21.9348
6.3856 54167
o.o108 0.0680
00017 0.0023
-0.0024 -0.0027
1.0578 1.0621
401.7897  305.5388
21.8377 206514
192,53 128.04
15.88 13.26
44863.05 33275.43
4878 .12
3571 2375
961 802
2826 2096
485 309
44752 346.46
42343 326.19
310.82 209.40
3761 2533
14.63 938
15 0.15
220 1.4
11.458 8.561
41.500 HP
6.331 GR/HR

0.153 (GRHP-HR)

3725.949

3.0 40
2499.6 2438.5
80.1 20,4
381 9.6
28897 28.97
§9.98 59.87
3.33 279
170.5% 142.97
nia na
70.00 70.00
16¢.14 134.00
28.87 2888
987 993
753.45 631.92
1.010 1.011
0.994 0.994
70.00 70.00
n/a nfa
nia na
189.14 134.00
9.21 4.02
94.00 94,00
15.51 T7.07
45.32 45,27
45.62 45.52
nia nia
61369 354 31
577.44 387.28
163 185
170046875 1685.28125
nia nia
10.22 775
289 160
1.55 0.86
768.96 £38.99
00208 00112
0.8515 0.5691
nia nia
46 2.5
84.9 186.5
213.7 103.8
252.8 83.7
209 20.1
240.5379 §1.0797
19.8528 19.5143
43767 2.4665
0.0061 0.0181
0.0029 0.0040
-0.0028 -0.0033
1.0646 1.0685
225.0335 75.8108
18.6474 182434
81.68 22.77
10.32 838
23188.565 10859.37
2721 50.58
1515 422
625 508
1461 684
270 503
260.39 10058
244.58 94.05
135.41 4327
1838 524
5.27 411
0.15 0.10
0.78 0.41
5718 0.855

5.0
1799.9
188.2

64.8
28.96
61.31
262
134.63
nfa
71.98
217.02
28.88
967
592.18
1.013
1.060
71.98
na
na
217.02
11.66
93.41
22,22
45.63
46.15
nia
929.42
800.77
158
171
nfa
7.24
453
243
814.41
0.0375
0.5167
va
8.5
84.7
761.8
7306
31.2

671.9533
28.6678
T.84T4
0.0078
00003
-0.0021
1.0572
635.5744
27.1158

183 54
12.00
33219.93
2087

3405
726
2093
208

700.62

662.89

263.18
547

717
210
072

6.484

80
1800.2
139.9

47.9
28.96
58.97
P3|
118.42
nfa
73.00
174.31
28.85
1000
52315
1.018
1.002
73.00
nia

nta

174,31
7.55
93.00
1636
45.30
45,59
nia
793.63
704.28
154.76583
168 35938
nfa
6.068
3N
167
539.51
0.0313
0.9315
n/a

741
731
599.2
569.5
207

5304823
27.6598
66137
0.0088
0.0017
-0.0024
1.0645
4582891
259812

12635
10.08
24584.35
16.09

2344
610
1549
160

558.14

524.27

203,65
2454

479
Q.10
047

4745

PART 7. SUBPARTE, CATEGORY B

7.0
1799.9
95.2

326
2896
59.89
2,07
106,68
nfa
73.00
138.78
28.85
1003
471.32
1.015
1.002
73.00
nia
nia
138.78
4.49
92.98
11.33
45.35
45,65
nfa
619.61
568.02
162
168
n/a
527
.84
.45
48285
0.0240
0.89450
nfa
85
80.1
448.9
4177
312

3947321
294958
5.1075
0.0076
09625
-0.0027
1.0704
368.7568
273548

8365

269
010
027

3.263

8.0
9717
9.5
1.8
28.95
59.64
0.92
47.71
n/a
75.00
93.89
28.84
1008
210.82
1.018
1.010
75.00
n/a

nia
93.89
0.30
90.53
1.30
45.34
45.66
nfa
28928
302.56
16383125
167 35838
nia
1.90
0.46
025
29221
0.0061
0.9785
na

18
80.7
181.4
155.9
255

152.5466
24,9693
1.7123
0.0089
0.0046
-0.0035
1.0844
1393828
228158

13.80
349
2503.67
8.25

258
211
158

82

177.52
152.21
24.78

045
015
0907

FTSYN-NDOC xis



COMPANY NAME
DATE

ENGINE MODEL
COMMENTS:

Isuzu

TEST DATA / MODE NUMBER
RPM

TORQUE Ibit

HORSEPCWER

Barometric Pressure INHG
Laminar flow air temp DEG F
Laminar fiow diff pressure in. of H20
Lamirar Flow cfm

Altitudle Barre! Air [degF)

Air Entering Manifold/Turbo (degF)
Boost/Air in Manifold (degF}
Altitude Barrel Pressure (inHg)
Altitude (ft)

intake AIR Consumption ths/r
LAB FACTOR-NA

LAB FACTOR-TURBO

tmake Alr Temperature DEG F
TurboCharged Air TemperaturedeF
Turbocharged Air Pressure (psi
Boost Alr Temp{@manifoid) degF
Boost air Pressure (@manifold) psi
FUEL Temperatura DEG F

FUEL Cunsumption Ibs/r

DEW Point DEG F

Grains Water (H2Q) per Ib dry air
Qil Temperature DEG F

Exhaust Temperature DEG F
FINAL EXHAUST TEMP

Coolant Temperature IN DEG F
Coolant Temperature OUT DEG F
Oil Pressure PSI

Inlet Restriction {"H20)

Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LB/HR

FUEL /AIR RATIC

1 CONVER

ECH4 % DRY

CO2% DRY

CO PPM DRY

NOX PPM DRY

NO PPM DRY

NOZ PPM DRY

%02

NOWET

NO2WET

coz WET

CO WET

G

R

HUM&TEM CORR FACTOR

NO CORR

NO2 CORR

GAS E| NS

NO GR/HR

NO2 GRHR

C02 GRHR

CO GRMHR

VENTILLATION RATES

PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NC2 CFM 5 ppm
CO2 CFM 5000 ppm
COCFM 50 ppm

NOX ppm - wet EURC, EPA, 150
NOX ppm(com EURO,EPA 180
NOX GRHR EURD, EPA, ISO
NOX cfm EURD, EPA, 150

DPM ECIOC DATA
EC
oc
T

Isuzu 4JGI1T
PetroSA coal derived Fischer-Tropsch Synthetic Fuel, Engine Only, EC/OC sample

10
25001
156.2
744
28,95
60.01
432
219.97
nfa
70.00
297.83
28.84
1007
971.22
1.611
0.993
70.00
na
nfa
207.83
20.16
94.94
29.36
45.44
45.84
nfa
88553
801.14
162.57813
174.38063
n/a
1526
am
3z
1000 58
00302
0.9334
nfa
8.7
107.9
476.3
449.0
273

415.0996
254950
62770
0t
00018
-0.0025
1.0585
385.5714
24.0675

186.03
17.34
43273.80
4414

3451
1048
2726

439

444 50
419.64
302.32

24423
8359
32783

TWa (ugim3}
TWA (ug/m3)
TWA (ug/m3)

MSHA ACC DIESEL LAB

20 3.0
2501.0 2500.2
120.2 80.0
57.3 381
28.95 28.95
59.72 58.67
3.88 3.35
198.11 171.28
nia nia
70.00 7000
245.61 189.03
28.84 28.84
1013 1613
875.53 75712
1.011 1.01¢
0.994 0.993
70.00 76.00
n/g nia
ni& nia
245,81 189.03
14.87 9.23
95,98 95.34
22,34 15.28
45.25 45.10
45.49 45.25
n/a n/a
762.42 614.22
702.14 573.52
160.5 163
170.48438 170.04688
nia nfa
12.93 40.34
459 298
2.46 1.59
897.87 772.40
00255 0.0202
0.5423 09523
nia nfa
57 4.8
84.0 85.1
368.2 275.9
346.2 253.3
220 226
3262862 241.2012
206517 215221
54107 4389
0.0079 0.0081
0.0023 0.0030
-0.0027 -0.002%
1.0626 1.0659
307.0262 2262848
194721 201811
120 56 82.1%
12.5¢ 11.23
33472.44 2331281
31.14 2741
2403 1524
761 679
2109 1469
310 a7z
346.95 262.72
326.50 24648
211.07 137.07
2554 1658
18580 9290
8650 7853
27222 17136

4.0
24%7.8
20.¢
9.5
26.95
61.26
2.80
143.85
nfa
70.00
134.34
28.83
1018
631.35
1.011
0.994
70.00
na
nia
134.34
4.01
94.98
6.86
45.51
45.98
nfa
400.16
39169
164
169
n/a
7.88
1.61
0.88
638.21
0.0100
0.9696
nia
2.5
186.3
101.7
81.6
201

79.1308
19.4608
24239
0.0181
0.0040
-0.0033
1.0681
74.0637
18.2155

2222
837
10658.54
50.50

412
506
71
502

08.59

92.30

42.41
513

8775
7144
13926

5.0
1800.0
190.2

66.2
2885
5990
262
134.44
n/a
70.56
21595
28.83
1m7
59372
1.012
0.997
10.56
nfa
nia
215.95
11.72
92.50
2237
45.21
45.45
na
920.52
777.08
158
170
n/a
7.35
469
2.5
616.08
0.0377
0.9195
nla
8.5
83.2
763.6
7329
30.7

873.9537
28.2300
78434
0.0076
0.0009
-0.0021
1.0573
637.4149
26,6905

184.57
11.84
33284.44
20.64

3424
716
2098
205

70218
664.11
204 50

3564

24354
6948
31302

€0
1799.8
145.0

49.7
28,94
61.41
238
120.72
nia
72.00
177.50
28383
1018
530.60
1.014
1.001
72.00
nfa
nfa

177.50
7.93
93.00
1672
45,52
46.00
wa
807.63
708866
160
170
n/a
628
3.19
1.71
547.32
0.0315
0.9310
nia
7.2
722
615.7
568.8
26.9

548.1539
25.0748
E.702%
0.0067
0.0016
-0.0024
1.0818
516.2647
236180

132.8C
931
25276.84
16.12

2464
563
1592
160

57323

§39.88

2275
2574

16964
4935
21500

PART 7, SUBPARTE, CATEGORY B

70
1799.8
95.1

326
28.94
59.54
2.08
106.87
nia
72.00
138.14
28.83
1018
472,44
1.014
1.000
72.00
nfa
nla
13344
4.46
92.03
115
4518
45.40
nia
620,45
56438
162
169.60838
nia
530
0.92
049
483.59
0.0236
0.9459
nfa
55
824
478
136
34.3

391.1829
32,3993
5.1820
0.0078
0.0026
-0.0028
1.0689
356.6542
30.3008

83.18
10.85
1729918
16.50

1543
638
1050
164

42358

395.26

13787
1659

3871
5203
14081

8.0
9734
T

1.8
28.94
59.50
0.91
47.14
n/a
74.00
93.44
28.84
1013
208.43
1.017
1.007
74.00
nfa

n/a
93.44
0.23
90.00
1.45
45,058
4519
n/a
293.56
302.81
163.48438
167
n/a
1.95
045
¢24
20989
0.0070
0.9770
nta

14
101.2
1784
151.9
285

148 4240
258579
1.7098
0.0099
0.0045
-0.0035
1.0807
1360824
237079

13.42
3.58
2472 57
9.09

249
217
156

90

174.28

FTSYN-NDOC .xis



Fuel Test Data on Isuzu 4JT1T Engine

Fuel: Highway (typical} ULSD
Engine: Isuzu 4JG1T

DOC: ECS Purifier A16-0119
COMPANY NAME Isuzu

DATE

ENGINE MODEL Isuzu 4JG1T
COMMENTS: AVERAGE DATA

TEST CATA / MCDE NUMBER

RPM

TORQUE Ibft

MORSEPOWER

Barometric Prossure INHG

Laminar fiow air temp DEG F

Laminar flow dilf pi @ in. of H20

Laminar Flow cfim

Altitude Bamrel Air (degF)

Air Entering ManifoldrTurbo (degF)

Boost/Air in Manifold {degF)

Altitude Barrel Pressura (inHg}

Altitude {ft}

Intake AIR Consumplion lbs/mr
LAB FACTOR-NA
LAB FACTOR-TURBO
Intake Alr Tamperature DEG F
TurboCharged Air TemperaturedeF
Turbocharged Air Pressure (psi)
Boost Alr Temp{@manifold) degF
Boost afr Pressure (@manifold) psi
FUEL Temparature DEG F
FUEL Cunsumption ibs/hr
OEW Poim DEGF
Grains Water (H20) per Ib dry air
Qil Temperatura DEG F
Exhaust Temperature DEG F
FINAL EXHAUST TEMP
Coolant Temperature IN DEGF
Goolant Temperature QUT PEG F
Oil Pressure PSI
Inlet Restriction ("H20)
Exhaust Restriction (mmHg)
Exhaust Restriction (inH20)
EXHAUST FLOW LB/HR
FUEL /AIR RATIO
J CONVER
ECH4 % DRY
CO2% DRY
CO PPM DRY
NOX PPM DRY
NO PPM DRY
NOZ PPM DRY
%02
NO WET
NOZ WET
C02 WET
COWET
G
R
HUM&TEM CORR FACTOR
NO CORR
NO2 CORR
EMi.
NO GRHR
NOZ GRHR
C02 GRHR
CO GRHR
VENTILLATION RATES
PART 7, SUBPART E CATEGORY B

NO CFM 25 ppm
NO2 CFM 5 ppm
C02 CFM 5000 ppm
COCFM 50 ppm.

NOX ppm - wet EURQ, EPA, IS0
NOX ppm{com) EURO,EFPA,IS0
NOX GRHR EURD, EPA, ISO
NOX ¢ofm EURO, EPA, ISC

PARTICULATE EMISSIONS

Modal Particulate emission (gr/hr}
waight factor

Welghted Particulate {grihr}

Welghted HP

Welghted Average HP

Weighted Average PARTICULATE

PARTICULATE INDEX {Pl} CFM

MSHA ACC DIESEL LAB

PART 7, SUBPART E, CA RY B

1.0 20 3.0
2499.9 2600.2 2500.6
168.54 125.24 8517

80,22 §9.62 40.55
28,1 28.71 28.70
621 62.80 62.77
4,35 3.87 338
221,40 197.50 171.42
nia n/a nia
74,00 74.50 74.50
310.66 254.00 188.45
28.66 28.65 28.65
1189.90 1190.06 1194.14
957.87 853.14 739.28
1.030 1.031 1.0
1015 1,017 1.017
74.00 74.50 74.50

nia nfa n/a

n/a nia nia
310.66 254.00 188.45

20.54 14.73 9.29
95,38 92,25 98.42
3214 23.83 16.88
56,12 55,65 56.41
68.91 67.70 67.15
nfa n/a na
929.24 790.34 639,34
0.00 0.00 0.00
169.45 158,02 161.46
17216 169.25 169.42
néa nia nfa
18.35 12,78 10.37
0.00 0.00 0.00
0.00 0.00 0.00
980.01 876.97 756.147
0.03 0.03 0.02
0.92 0.93 0.94
nfa nia nfa
7.40 6.19 5.00
0.00 0.00 0.00
554.73 398.71 309,58
476.07 327.26 276.82
78.66 7145 3276
438,98 306.29 260.81
72.54 66.65 30.88
6.82 577 4.7
0.0000 0.0000 0.0000
0.0014 0.0021 0.0027
-0.0023 -0.0026 -0.0028
1.0099 1.0136 1.0153
434,69 301.1% 266.97
778 65.76 30.41
202.28 124.14 81.33
5119 41.52 16.56
46524.75 3487278 2456280
0.00 0.00 6.00
ars2 2303 1694
3096 2512 1002
2931 2197 1547

9 0 o
511.5 37t.9 291.8
§08.5 366.9 287.4
361.0 2317 156.5
43679 2802.2 1893.0

4.0
2498.5
20,10
9.56
28.70
62.65
73
139.97
n/a
74.85
13917
28.65
1193.85
604.96
1.032
1.018
74.85
n/a
n/a
13917
3.69
93.29
7.33
£5.12
66.43
nia
406.41
0.00
163.84
168.77
nia
7.82
0.00
Q.00
612,28
0.0t
.96
nia
269
0.00
113.78
111.83
1.35

107.76
178
2.59

0.0000

0.0039

-0.0033

1.0196

105.69
1.7

30.41
077
10927.97
6.00

564
688
109.5
107.4

47.4
573.0

50
1800.1
200.74

68.80
2870
62.84
2,62
134.49
nia
76.41
230.41
28.64
1197.99
580.79
1.034
1.022
76.41
nia

nia
230.41
1211
97.43
2507
65.51
67.40
n/a
958.93
0.00
18768
170.99
nia
1.57
0.00
0.00
605.86
0.04
Q.90
nfa
9.32
0.00

812.54
704,79
107.74

637.45
97.45
B8.43
0.0000
0.0003
-£0.0019
1.0143
62845
96.10

178.94
41.93
35187.91
0.00

3318
2536
2217

1]

734.9
7246
3161
3822.8

6.0
1800.1
147.50

50,56
28.70
63.07
2.28
11715
nia
78.00
184.45
28.84
120143
505.54
1.038
1.027
78.00

n/a

nia
184.45

7.58
§5.64
17.6%
55.50
67.36

n/a

826,23

0.00
158.41
169.23
nia
6.22
0.08
0.03
523.2%
0.03
0,92
na
7.70
0.00
651.28
497.33
163.95

457,40
141,69
T8
0.0000
0.0012
-0.0023
1.0185
449,08
139.03

110,44
52,37
25525.76
0.00

2049
3168
1608

Q

53%.0
588.1
2216
2680.5

7.0
1800.1
100.1%

34.34
28.70
62.08
2.03
104.60
na
77.52
146,55
28.63
1205.81
452.68
1.036
1.027
77.52
nfa
nia
146.55
4.36
94.96
11.98
55,50
67.39

n/a

634.63

6.00
160.86
168.25
nfa
5.38
0.36
0.46
464.66
0.03
0.94
nia
5.91
0,00
491.18
407,09
24.09

380.91
78.68
5.53
0.0000
0.0022
-0.0026
1.0212
37299
77.06

81.45
2578
17690.65
0.00

1511
1560
1115

]

459.6
450.0
150.6
1821.6

80
980.0
8.96
1.67
28,69
62.82
0.28
4546
nfa
81.76
100.27
28.63
1208.09
196.33
1.041
1.037
81.76
nfa

n/a
100.27
0.00
93.45
1.4
85.01
£6.16
n/a
286.98
0.00
164,58
168.52
nfa
2.04
0.58
0.31
191.74
0.01
0.87
nia
1.80
0.00
186.04
183.74
230

178.60
224
1.78

0.0000

0.0048

0.0035

1.0620

169.76
213

16,78
0.30
2383.74
0.00

293
18
150
Q

180.8
171.9

245
2961

HWULSD-DOC xIs



MSHA ACC DIESEL LAB

COMPANY NAME Isuzu PART 7, SUBPARTE CATEGORY B
DATE 811812008
ENGINE MODEL Isuzu 4JGAT
COMMENTS: Highway D-2 ULSD Engine + ECS Purifier DOC
TEST DATA / MCDE NUMBER 1.0 20 3.0 4.0 50 80 70 8.0
2501.0 2500.0 2801.0 24993 1800.3 1800.3 1800.2 979.9
TORQUE ibit 168.0 125.2 85.3 19.9 200.7 1501 100.3 9.0
HORSEPOWER 80.0 59.6 40.6 2.5 68.8 515 344 1.7
Barometric Pressure INHG 28,72 2872 28.72 28.71 28.71 2871 28.71 28.71
Laminar flow air temp DEG F 62.47 62,78 62.64 61.95 63.12 62.93 62.58 63.32
Laminar flow diff p in. of H20 4.34 3.86 3.33 27 262 2.28 2.03 0.88
Laminar Flow cfm 221.01 196.95 170.42 138.95 134.18 117.05 104.37 45.27
Aititude Barrel Air (degF) na n'a n/a na nfa nia nfa n/a
Air Entering Manifoldr Turbo (degF) 74.00 74.00 74.00 74.00 76.83 78.00 77.02 82.00
Boost/Air in Manifold (degF) 31031 253.27 197 48 137.86  232.36 186.06 14581 $9.31
Altitucle Barrei Pressure {inHg)} 2866 2666 26.65 2866 28.66 2886 28.85 2885
Allitude {ft) 1179 1181 1182 1180 1186 1147 1196 1185
Intake AIR Consumption Ibs/hr 955.31 881.16 736.97 502.18 579.34 505.52 451.25 185.30
LAB FACTOR-NA 1.030 1,030 1.030 1.030 1.034 1.035 1.038 1.640
LAB FACTOR-TURBD 1.015 1,615 1.015 1.016 1.023 1.027 1.026 1.037
Intake Air Temperature DEG F 74.00 74.00 74.00 T74.00 76.83 78.00 77.02 82.00
TurboCharged Air TemperaturedeF n/a n‘a nia nfa nfa nia nia n/a
Turbocharged Air Prassure (psi) nfa nia nla nia nia n/a na n‘a
Boost Alr Temp{@bmanifold) degF 310.31 253.27 197.48 137.86 232.368 186.06 145.61 99.31
Boost air Pressure (@manifold) psi 20.48 14.73 9.27 367 12.19 7.76 4.36 0.00
FUEL Tempsarature CEG F 96.64 97.86 97.58 97.77 96.34 94.84 93.92 92.38
FUEL Cunsumption the/r 32.28 23,66 16.93 7.34 25.16 17.93 12.02 1.48
DEW Polint DEG F 56.79 55.45 55.01 54,66 54.98 553 §5.22 54.92
Grains Water (H20) per Ib dry air 70.60 8719 66.13 65,28 £6.09 66.836 66.71 66.93
Qil Temperature DEG F wa n/a nfa nfa nfa nia nia nia
Exhaust Temperature DEG F 92911 787.87 834.91 397.75 972.38 83080 628.73 27438
FINAL EXHAUST TEMP [s314] 000 .00 0.00 0.90 0.00 0.00 0.00
Coolant Temperature IN DEG F 150.42188 15895313 162 164 157 51563 15714063 163 165
Coolant Temperature OUT DEG F 1723126 189 170 168 171.23438 16645313 170 168.96675
Qil Pressure P31 nia nfa n/a n/a n/a na nia n/a
inlat Restriction {"H2C) 15.30 12.80 1035 778 7.55 627 538 203
Exhaust Restriction {mmHg) 0.00 0.00 0.00 0.00 0.00 o1 0.96 0.50
Exhaust Restriction (inH20) 0.00 0.00 0.00 0.00 0.00 0.06 0.81 027
EXHAUST FLOW LB/HR 987.57 874.82 753.91 609.51 604.50 523.45 463.27 196.78
FUEL /AIR RATIC 0.0338 00278 0.0230 00122 0.0434 0.0355 0.0266 0.007&
J CONVER 08213 0.9332 0.9425 0.9629 0.9043 0.9490 0.8355 0.9713
ECH4 % DRY nfa nfa n/a n/a nfa nia nfa n'a
CO2% DRY T.4 6.2 50 27 9.3 78 59 1.8
CO PPM DRY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
NOX PPM DRY 551.1 396.6 310.2 114.5 §22.8 666.2 494.3 185.1
NO PPM DRY 481.6 1285 279.8 112.8 T24.7 §13.4 415.8 184.4
NO2 PPM DRY 68.5 711 30.4 17 a7 153.0 791 0.7
%02
NO WET 4417420 302.7650 2637155 1085802 6553359  471.74484 3889832  170.0386
NO2 WET 64