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NOTICE

This report was prepared by Southern Researchutestn the course of performing work contractedaind
sponsored by the New York State Energy Researcibamdlopment Authority (hereafter “NYSERDA”) and
Destiny USA. The opinions expressed in this redorhot necessarily reflect those of NYSERDA, that&of New
York, or Destiny USA and reference to any spegfioduct, service, process, or method does not itatesan
implied or expressed recommendation or endorseaféntFurther, NYSERDA, the State of New York, Biag
USA, and the contractor make no warranties or sgpr@tions, expressed or implied, as to the fitf@ssarticular
purpose or merchantability of any product, appasatu service, or the usefulness, completeness;arracy of any
processes, methods, or other information contaideskribed, disclosed, or referred to in this regd¥ SERDA,
the State of New York, Destiny USA, and the cortbtemake no representation that the use of anyymtod
apparatus, process, method, or other informatidimei infringe privately owned rights and will asse no liability
for any loss, injury, or damage resulting frompocurring in connection with, the use of informatimontained,

described, disclosed, or referred to in this report
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EXECUTIVE SUMMARY

Diesel engines can be highly energy efficient amalhle, yet emissions from them have historicadigtobuted to a
number of serious air pollution problems. Sevieal and state initiatives and laws have beemdhtced which
focus on reducing pollution from diesel engines mMore voluntary programs are initiated, regulatiare enacted,
and emission reductions are sought, additionatin&ion regarding the various strategies for emissgductions
is needed. The goal of this project was to evaltia in-use performance of biodiesel blends innoaa diesel

construction equipment to determine the potentigacts of biodiesel usagéhe evaluation consisted of testing a

single piece of construction equipment operatingr@vsimple duty cycle using a series of fuel tyjpdtsa-low
sulfur diesel (ULSD); a 50% biodiesel-ULSD blendb(B; and 100% biodiesel (B100).

Testing took place during September 10 — 12, 2@0@FeaDestiny USA Carousel Mall site in Syracus¥, NThe
testing approach was based on®@wneric In-Use Test Protocol for Non-Road Equipni8otithern Research
Institute, 2007]. A Volvo L90F front end loadertivee D6E LAE3 engine served as the test vehiclee three fuel
types were evaluated under a simple duty cyclelsitimg equipment operation in an actual work envinent.
Gaseous emissions (GQCO, and NOx) and PM emissions were measured binEnFuels, & Emissions
Engineering’s RAVEM system using both integrated amodal sampling. Table ES-1 summarizes the mesuits

and the 95 percent confidence intervals for these-testing in terms of g/test and g/min.

Table ES-1. Emissions Results from In-Use Testing

Integrated Emissions Modal Emissions
PM COo, co NOX CO, NOX
fost | 045 8100 15 110 8300 110
5100 grnest 1 4 o0.16 + 400 +3 + 50 + 700 +10
. 0.027 470 0.86 6.2 490 6.5
9imin- 4 0.009 + 20 +0.16 +3.1 + 40 +0.5
0.78 8700 29 89 8700 94
g/test
550 +0.23 + 200 +5 +7 + 200 +7
. 0.046 510 1.7 5.3 510 5.5
gimin- 4 0.013 +10 +0.3 +0.4 +10 +0.4
P 14 9200 35 84 9000 87
gitest | 4 o2 + 200 +6 +2 + 100 +3
ULSD
o 0.082 540 2.1 5.0 530 5.1
gimin1- 4 0.014 + 10 +0.3 +0.1 + 10 +0.2

Table ES-2 displays the percentage reduction irsgons for B100 and B50 fuels when compared wihilte from
tests using ULSD. For comparison, the percentadeations are shown as calculated using the gitgatand the
g/min data. Percentage reductions in PM,,GDd CO emissions are based on the integratedwlla¢aeas the

reduction in NOx emissions is based on the modal. da

Vil
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Table ES-2. Percentage Reduction in Emissions wh€&vompared with

ULSD Fuel
PM CO, CO NOx
/ 68 12 59 -28
gltest +20 4 +18 + 10
B100 . 68 12 59 28
g/min +20 +4 +18 +10
/ 44 55 19 -8.5
aso | test +23 £3.1 £22 +9.7
Imi 44 55 19 -8.5
g/min +23 +3.1 +22 +9.7
¥ Results are not statistically significant
NOTE: The data presented in Table ES-1 may notnalexactly with the
percentage reductions reported in Table ES-2 dueutoding conventions and
the use of significant figures

The percentage reductions in CO and NOx emissimnB30 compared with ULSD were not found to be
statistically significant. It should also be notedt the CQ@reductions do not account for full life cycle esi@s
associated with the conversion from petroleum b&seldo a renewable fuel. The @@ductions reported here are
for the exhaust stack only and do not necessarilicate a net greenhouse gas emission reductionghrthe use of

biodiesel.

The results of this test program show a largerceffé biodiesel fuel on PM and NOx emissions thaat predicted
by various EPA studies [US EPA Diesel Retrofit Tealogy Verification, 2007; US EPA Report EPA420-P-0
001, 2002]. These test results, however, are stamiwith the findings of an NREL study [NREL Repo
NREL/CP-540-37508, 2005] showing the influencemgiae age on the NOx penalty associated with tleeofis
biodiesel. The NREL study reports that when testethe same biodiesel blends, newer 2004 compiagines
emitted more NOXx than engines from 1998 and oldére results in this report on the 2007 Volvo ayesistent

with the NREL findings.

viii
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1.0 INTRODUCTION

Diesel engines can be highly energy efficient amdchble, yet emissions from diesel engines havefiistly
contributed to a number of serious air pollutionlgems. To address the issues associated withldingines,
several local and state initiatives and laws haentintroduced which focus on reducing pollutiamnirdiesel
engines. As more voluntary programs are initiatedulations enacted, and emission reductions gpugh
information regarding the various strategies forssion reductions is needed more and more. Thiggrseeks to
provide detailed information to interested stakdkdd, including end-users, regulators and othegarding the
performance of biodiesel fuel on high-priority naad equipment operated in New York State (NYS)e project
is part of a broader Clean Diesel Initiative ati@wv York State Energy Research & Development Atitho
(NYSERDA) that supports development of products &uatinologies to reduce emissions from diesel &sgin
funding for school bus and other retrofits acro¥SNand demonstration and evaluation of variousseimin
reduction strategies. The project also servesduige Destiny USA information to determine the awfs of its
conversion of construction equipment operationitaliesel at the Syracuse, New York Carousel Matistauction

site as part of their green construction and soaghdlity programs.

The primary goal of this project was to evaluaitiruse performance of biodiesel blends on nod-chesel
construction equipment operated by Destiny USAldtermine the potential impacts of biodiesel usdge

evaluation consisted of testing of a single piefceomstruction equipment operating over a simplg dycle using
a series of three fuel types: ultra-low sulfur dig¥JLSD); a 50% biodiesel-ULSD blend (B50); andd¥%®biodiesel

(B100). This report describes the experimentaigheand test procedures, and presents the redutis evaluation.

1-1
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2.0 EXPERMENTAL DESIGN AND TEST PROCEDURES

2.1. TEST EQUIPMENT

The non-road diesel construction equipment usethierstudy was a 2007 Volvo L90F front end loadih a
Volvo D6E LAE3 engine that conforms to the 01/200@del year USEPA/CARB Tier 3 emissions certificatio
standard for large non-road engines. The loadsrou#fitted with a 2% yard hydraulic bucket thaemgies at a
maximum pressure of 3,770 psi with loads as preedrin SAE J818. The engine incorporates a losédapeed
control, which is an electronic control that impesvfuel economy and driver satisfaction by balappierformance
and increasing fuel economy. The speed contreésysommunicates with the operator and indicatesrvhe
engine is over-speeding in the engaged gear, véricburages the driver to operate in a top geaguré 2-1 shows

the Volvo loader instrumented for the testing amdbl€ 2-1 lists the engine specifications.

Figure 2-1. Volvo L90OF Instrumented for In-Use Teshg
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Table 2-1. Volvo L90OF Specifications

Engine Volvo D6E LAE3
Configuration Inline 6 cylinder

Max Horsepower 169 hp

Max Torque 550 Ib-ft

Peak Torque RPM 1600
Displacement 348 cu. in (5.7L)
Emission Technology Air-to-Air Intercooled EGR
Emission Level Tier 3 Compliant
Maintenance Interval 500 hours

Oil Sump Capacity 41 quarts

2.2. TEST FUEL

All test fuel for the in-use testing was suppligdiestiny USA through their fuel contractor, Ascéwiation
Group Inc., located in Parish, New York. All equignt at the test site normally operates on a segé8100 fuel.
Two additional fuels (B50 and ULSD) were delivetedhe test site during the first day of testingthgallon

drums. Appendix A shows a fuel analysis for eag fype that was evaluated during this test pnogra

2.3. ANALYTICAL EQUIPMENT DESCRIPTION

The Engine, Fuels, & Emissions Engineering (EF&Rig)e-Along Vehicle Emission Measurement (RAVEM)
system provided measurements of emissions contiensa The RAVEM system is based on proportioratipl-
flow constant volume sampling from the vehicle axdtgipe. The RAVEM'’s sampling system extracts dihates
a small, constant fraction of the total exhaustfldhe dilution air requirements and dilution tuhsiee can thus be
reduced to levels compatible with portable operatithe isokinetic proportional sampling system gamtusly
adjusts the sample flow rate so that the flow vigjJda the sample probe is equal to that of theaumding exhaust.
Since the velocities are equal, the ratio of tbevftates in the exhaust pipe and the sample psobguial to the ratio

of their cross-sectional areas. A diagram of the/EM system is shown in Figure 2-2.

Pollutant concentration measurements in the RAVEMe follow the methods specified by the U.S. EBS
CFR Vol 40 Part 86) and ISO standard 8178.

Concentrations of NOx, COand CO in the dilute exhaust gas are recordeshselsy-second during each test
(modal testing). In addition, integrated samplethefdilute exhaust mixture and dilution air arélestied during
each test and analyzed afterward for NOxpG@d CO.
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Figure 2-2. Diagram of the RAVEM System
(courtesy of EF&EE)

The RAVEM sampling system was configured for cdlleg raw exhaust samples directly from the outfahe off-
road equipment exhaust stack. Exhaust samplesagéieeted with a heated probe and umbilical thetdferred

the sample to the dilution system for subsequeallyais and gaseous bag sample and PM filter callectExhaust
flow was measured with a pitot and dilution aimlavas adjusted according to the exhaust flow. &tteust flow

measurement and sample collection probes werecdedtthe top of the engine exhaust stack.

EF&EE used a five gallon day tank to fuel the erdior all test runs. This allowed for direct me@snent of the

fuel used during each test run. Fuel usage wascalsulated to serve as a cross-check of the medsalues.
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Fuel usage calculations were based only on theumed£Q and CO emissions, and the estimated percent carbon

in the fuel.

2.4. TESTING APPROACH AND DUTY CYCLE

Tests were performed on September 10 — 12, 200 &estiny USA Carousel Mall site in Syracuse, Néwk.
The test site was located inside a fenced are&edowith a mounded sand mixture. The sand mixiloaved for
simulation of equipment operation in an actual vimgkenvironment. The loader was operated by theesa

Destiny USA contract employee during all tests.

The testing approach was based onGleaeric In-Use Test Protocol for Non-road Equipn@hi{generic protocol)
developed by Southern Research Institute (Soutlier®yYSERDA. The generic protocol provides ovetast
campaign designs, procedures for developing dutiesyinstrument specifications, step-by-stepgestedures,
and analytical techniques. A site-specific protagas written to provide information about the ividual test site,

non-road diesel construction equipment, and othtild unique to the particular test campaign.

The three fuel types (B100, B50, and ULSD) werdwatad under a well-defined simple duty cycle. yDeycles

are detailed descriptions of the non-road equipmereuvers during testing. Non-road equipment mnzars may
be described as individual “events” such as bagkiagel forward, bucket extension, or digging, eBomposite
events consist of a combination of individual egemter varying time periods. A rubber-tired logder example,
may combine simple forward travel, reverse tralvatket extension, tilting, and lifting events oeerepeatable

time period into a single “load bucket” compositet. Asimpleduty cycle is an arbitrary arrangement of simple
or composite events of specified duration perforimesequence under controlled conditions. The Erdpty cycle

should:

be representative of typical work activity
last between 1/4 and 1 hour to allow for sufficieM filter loading for gravimetri@analysis, and
to allow a reasonable number of test runs duritypial day

be repeatable as determined by appropriate cyitéziar

Tests utilized a simple duty cycle that Southerth pigeviously developed for the NYSERDA Clean Diesel
Technology in-use test program. Southern persafeedloped the duty cycle by observing construction
equipment in normal operation. Test personneldddie events that comprised equipment maneuvdrs an
organized them into a representative, repeatalalle.cylable 2-2 lists the events logged duringithese

equipment observation.

2-4
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Table 2-2. Events Logged During In-Use Equipment Ogrations

Event ID | Description

Al Begin at starting Point A, approx. 50 feetnfrsalt/sand pile

A2 Forward Travel Unloaded: Begin at Point A d@ravel forward in 2nd gear to pile (Point B
A.3 Fill: At Point B, crowd the pile and fill bucke

Al Reverse Travel Loaded: Reverse gear, travel backiwaded with bucket at mid-height

back to Point A
AS Forward Travel Loaded: From Point A, travel fordiam 2nd gear back to pile with bucket
' at mid-height
A.6 Dump: Raise bucket to full height at pile atunp
A7 Reverse Travel Unloaded: Travel backward unloadd®bint A, lowering bucket and
' coming to a full stop
B Idle with bucket down
Series A | Composite of events A.1 — A.7

The events specified in Table 2-2 were organizéalanduty cycle. The total cycle length was sdt7aiminutes,
which allowed for sufficient filter loading for gvametric analysis. Table 2-3 lists the duty cyelents in their

order of occurrence.

Table 2-3. Duty Cycle for In-Use Testing

Event ID Description Approx. I?urauon
(mm:ss)

B Idle with bucket down for 1 minute 01:00
Series A Perform Series A (1 of 7 times) 00:33
Series A Perform Series A (2 of 7 times) 00:33
Series A Perform Series A (3 of 7 times) 00:33
Series A Perform Series A (4 of 7 times) 00:33
Series A Perform Series A (5 of 7 times) 00:33
Series A Perform Series A (6 of 7 times) 00:33
Series A Perform Series A (7 of 7 times) 00:33

B Idle with bucket down for 1 minute 01:00
Series A Perform Series A (1 of 7 times) 00:33
Series A Perform Series A (2 of 7 times) 00:33
Series A Perform Series A (3 of 7 times) 00:33
Series A Perform Series A (4 of 7 times) 00:33
Series A Perform Series A (5 of 7 times) 00:33
Series A Perform Series A (6 of 7 times) 00:33
Series A Perform Series A (7 of 7 times) 00:33

B Idle with bucket down for 1 minute 01:00
Series A Perform Series A (1 of 7 times) 00:33
Series A Perform Series A (2 of 7 times) 00:33
Series A Perform Series A (3 of 7 times) 00:33
Series A Perform Series A (4 of 7 times) 00:33
Series A Perform Series A (5 of 7 times) 00:33
Series A Perform Series A (6 of 7 times) 00:33
Series A Perform Series A (7 of 7 times) 00:33

B Idle with bucket down for remainder of cycle 02:3

Total Duty Cycle 17:00
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To ensure the test runs were repeatable, testp@bset a criterion that the elapsed times fortaked duty cycle
length for each test run must be witkis percent of each other. This criterion was raesfl runs for all fuels

(B100, B50, and ULSD), indicating that the testguvere not highly variable.

2.5. FUELING PROCEDURE

B100 tests were conducted first, followed by B5@ &.SD tests. Between the tests for each fuel, tipeday
tank and day tank fuel lines were drained andlegfivith the next test fuel. A small amount ofidesl fuel from
the previous tests remained in the injector puip.such, the vehicle was conditioned by perfornsegeral
iterations of loading and dumping. This was alsed to warm up the vehicle. Following the cownditng, the day
tank was refilled and weighed. Following each,tdst day tank was weighed and refilled, if necasda prepare

for the next test run.
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3.0 IN-USE TESTING

3.1. TEST DETAILS

Tests were performed on September 10 — 12, 200& &estiny USA Carousel Mall site in Syracuse, Néwk.

Table 3-1 summarizes test run details.

Table 3-1. Test Run Information

Run
Fuel Type Date Number Notes
1 Run voided — test results exceeded the analyzer s
9/10/2007 2 Run vo?ded — test results exceeded the analyzer s
3 Run voided — test results exceeded the analyzer s
B100 4 Run voided — test results exceeded the analyzer s
5 No integrated bag emissions for this run — sartipé was loose
9/11/2007 6
7
1
9/11/2007 2
B50 3
4 Run voided — RAVEM generator malfunctioned
9/12/2007 5 PM results voided — PM filter tore during testing
1
2
ULSD 9/12/2007 3
4 PM results voided — PM filter housing opened wigithe test
5

The first four B100 tests were invalidated becabsepeak emissions results exceeded the analyaer sthis was
caused by the sampling probe. The size of thegpoaused an inability to maintain isokinetic sangpunder some
of the engine operating conditions. The probe sias changed and the B100 fuel was retested tlmvioly day.

All subsequent tests were conducted with this sipgbbe.

Gaseous emissions data are presented for bothrateeldoag samples and for second-by-second masldtse The
results from the integrated bag samples are corsidaore accurate for CO and Cdhe to analyzer drift over the
length of the test runs, while the modal resulesa@msidered more accurate for NOx due to reactiotiee sample

bag that can remove some of the NOXx present.

There are several ways to quantify and assessffeesdces in emissions associated with in-uséngstFor
example, units of g/test, g/min, or g/gal may befuls However, these metrics do not show the imahip
between emissions and energy used during a tests &f g/bhp-hr would show the relationship of esmns to
work performed. Measuring the energy used (i.ekwerformed) during a test requires determining lemgine

speed and torque vary during the course of the test
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For this test campaign, measurement of the enesggt was not possible because torque measuremeidsnod be
determined. As such, emission results are predemtierms of g/test and g/min. Analysts alsondted to present
results in g/gal, however the measured and cakuliffaiel consumption values were questionable. Mreasent of
the five gallon day tank took place on a makeghlte outdoors in variable ambient conditions,ddtrcing
potential inaccuracies in the measurements. Cafedlfuel consumption was based on the estimategmpecarbon
in the fuel and the measured £&hd CO emissions. Hydrocarbons were not measuréds such were not
included in the fuel consumption calculations; hearethis would only marginally affect the fuel comsption
computation. In some cases the measured and atdfliel consumption values contradicted one anpkbading
analysts to invalidate this data. Fuel consumptiata does not, however, affect any other repagsdlts, so all

results in this report are deemed valid.
3.2. TEST RESULTS

Table 3-2 summarizes the mean results and the 1i@gmeconfidence intervals for the in-use testimg/test and

g/min.

Table 3-2. Emissions Results from In-Use Testing

Integrated Emissions Modal Emissions
PM co, co NOX o, NOX
0.45 8100 15 110 8300 110
glest |, 016 | +400 £3 +50 +700 +10
B100 1 0027 470 0.86 6.2 490 65
g/min |\ 0009 | +20 | =+016| +31 + 40 £05
0.78 8700 29 89 8700 94
gltest |, 023 | +200 +5 +7 + 200 +7
B50 1 0046 510 1.7 53 510 55
g/min |\ 0013 | 10 £03 £04 +10 +04
1.4 9200 35 84 9000 87
ghest |, 0.2 + 200 +6 +2 + 100 +3
ULSD 1 0082 540 21 5.0 530 51
g/min |\ 0014 | 10 £03 £01 +10 +02

Table 3-3 displays the percentage reductions azid ¥ percent confidence intervals for emissiointhe B100 and
B50 fuels when they are compared with ULSD fuehe Table shows the percentage reduction as cadulsing

the g/test data and with the g/min data, for coimspar Emission reductions for PM, CO, and, @€ based on data
from the integrated samples, while NOx reductiamske@sed on data from the modal testing. NOxpsnted from
the modal testing because the modal results aergignconsidered more accurate than the integrasalts, due

to reactions in the sample bag that can remove sditiee NOXx present.
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Table 3-3. Percentage Reduction in Emissions whero@pared with ULSD

Fuel

PM co, co NOX

68 12 59 28
gltest +20 +4 +18 +10

B100 . 68 12 59 28
g/min +20 +4 +18 +10

44 55 19 85

gltest +23 +31 +22 +9.7

B50 . 44 55 19 85
g/min +23 +31 +22 +9.7

¥ Results are not statistically significant
NOTE: The data presented in Table 3-2 may not r@oaxactly with the
percentage reductions reported in Table 3-3 dueunding conventions and the u
of significant figures

e

2

It should be noted C{eductions do not account for full life cycle esims associated with the conversion from

petroleum based fuel to a renewable fuel. The @@uctions reported here are for the exhaust stalskand do

not necessarily indicate a net greenhouse gas iemissiuction through the use of biodiesel.

The following figures show graphical summarieshef emissions reductions shown in Table 3-3. THaations

based on g/test data and g/min data are presddeet\sside for comparison.

100
a 90
]
5 80
g 70
.g 60
S 50
?
¥ 40
(0]
2 30
5
3] 20
(]
a 10
0

Hg/test
Eg/min

B100

B50

Figure 3-1. Reduction in PM Emissions when Comparetb ULSD Fuel
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Percentage Reduction from ULSD

B100 B50

Figure 3-2. Reduction in CQ Emissions when Compared to ULSD Fuel

H g/test
H g/min

Percentage Reduction from ULSD

B100 B50

Figure 3-3. Reduction in CO Emissions when Comparetb ULSD Fuel
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B100 B50

B g/test

Percentage Reduction from ULSD

= g/min

Figure 3-4. Reduction in NOx Emissions when Compartkto ULSD Fuel

Substantial reductions resulted from use of thdibgel fuel for all pollutants, with the exceptiohNOx, where
there were increases. This was expected, as piestadies have shown that use of biodiesel maptiesNOx
increases. The in-use results for this non-roatdpeaent, however, show a larger effect of biodiesePM and
NOXx emissions than that predicted by EPA studisgth@n the heavy-duty transient test procedure EIFPA’s

Diesel Retrofit Technology Verification: Verifiegdhnologies Lisf2] recognizes the following percent reductions
associated with use of biodiesel fuel:

PM: 0 to 47%j;
CO: 0to 47%;
NOXx: -10 to 0 %
HC: 0to 67%

Figure 3-5 shows the results of another EPA amalykbiodiesel impacts on exhaust emissions [3].



Final Report March 2008

Figure 3-5. EPA Analysis: Impacts of Biodiesel foHeavy-Duty Highway Engines

A study completed by the National Renewable Enémajyoratory (NREL) shows how engine age influenbes t
NOXx penalty associated with the use of biodiesel. firigure 3-6 shows the results of that study]3,

Figure 3-6. Influence of Engine Age on Biodiesel&ffect on NOx Emissions

3-6
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The NREL study reports that when tested on the da@iatkesel blends, newer 2004 compliant enginestedhmore
NOx than engines from 1998 and older. The NOXx [pedserved with the 2007 Volvo used in this washpaign
(28 percent with B100 fuel; 8.5 percent with B5@ljus consistent with the results shown in the NREudy for

newer engines.
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4.0

DATA QUALITY ASSESSMENT

March 2008

The emissions and performance determinations destin this report require numerous contributing

measurements, sensors, instruments, analyticaéguoes, and data loggers. This section documenmisrgl

specifications which helped ensure repeatabilityhinithe test campaign and comparability with ofmegrams.

4.1.

MEASUREMENT QUALITY OBJECTIVES

Table 4-1 lists the instrument and sensor accuspegifications used in the test campaign. It aldicates the

instrument manufacturer, model, and specificatierification dates.

Table 4-1. RAVEM Specifications

Logging . Meets | Date/When
Parameter Frequency Accuracy | Repeatability | Manufacturer | Model(s) Spec. Verified

Instrumental 2.0 % of
analyzer 1 Hz ' Oir‘;t 1.0 % of point EF&EE RAVEM| [X 9/11/2007
concentration P
Gravimetric 0.1 % (see At each
TPM balance n/d §1065.790) 059 EF&EE RAVEM > weighing
'r\g'l?é” flow EF&EE RAVEM | [X | 9/11/2007
Sarmpie fiow 2 Hz 1.0 % F8 n/a
e p EF&EE RAVEM & 9/11/2007

®Not applicable (n/a)

PFull scale (FS)

Table 4-2 lists recommended calibration intervald performance checks. Personnel performed sortie of
performance checks, such as leak checks, analgreand spans, etc. before and after each testhil@ others

were performed either in the field or laboratory.
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Table 4-2. Recommended Calibrations and Performanc€hecks
System or _— Meets | Date/When
Parameter Description / Procedure Frequency Spec.? | Completed
At purchase /
Comparison against installation; after
laboratory CVS system | major = Aug 07
modifications
Zero / span analyzers (ze 'OBefore and after 9/10/07 —
£+ 2.0 % of span, spah X
: each test run 9/12/07
+ 4.0 % of point)
Inspect sample lines, filter
housings, and sample bags X 9/10/07 —
for visible moisture (none 9/12/07
is allowed) After each test run
Perform analyzer drift
RAVEM 9/10/07 —
check € £ 4.0 % of cal X 9/12/07
gas point)
TPM background check X 9/10/07 —
and dilution tunnel blank 9/12/07
I 9/10/07 —
Dilution tunnel leak check per test day X 9/12/07
Sample bag leak check (<
9/10/07 —
0,
0.5 % of normal system X 9/12/07
flow rate)
TPM filter face .
temperature (not to exceedggr?;migﬁ%n X 9!)}&?077_
47°C or 117°F) g sampling
. .| NIST-traceable calibration = Within 12 months At_ea_ch
TPM gravimetric weighing
balance Reference sample wei ht‘Within 12 hours of % At each
b 95 filter weighing weighing

4.2.

This test campaign was supported by an audit @ daality. An independent reviewer examined tisé fesults.

The analyst or author who produced a result tabtexd submitted it and the associated raw datheaeviewer.

AUDIT OF DATA QUALITY

Review procedures included:

review of technical systems audits (calibration8, é@ecks, etc.) generated during field tests

audits of data quality and analysis techniques

manual cross-checking a portion of source datacatalilation of final results

Southern’s QA checks indicate that data collectias appropriate, analyses are correct, and theréealts are

acceptable for reporting. QA documents are maiethon file by Southern.
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APPENDIX A
FUEL ANALYSIS
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APPENDIX B
DETAILED RESULTS TABLES

B-1
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Table B-1. Test Run Data for 100% Biodiesel in a Mwo L90F Front End Loader
Test File Start Test Measured Bag Emissions (g/test) Calc Modal g/test Calc
Date/Time Conditions Fuel (g) PM Cco, ‘ cO NOXx Fuel (g) CO, NOXx Fuel (g)
R3T1287 9/11/2007 13:01| B100 Fuel n/a 0.50 Integrated Imaiggons data unavailable 8,575 109.1 3,037
R3T1291 9/11/2007 14:34| B100 Fuel 3,303.0 0.38 8,107 15 101.5 2,880 8,163 109.3 2,891
R3T1292 9/11/2007 15:03| B100 Fuel 3,247.0 0.48 8,050 14 109.8 2,859 8,047 114.6 2,850
Table B-2. Test Run Data for 50% Biodiesel in a Vob L90F Front End Loader
Test File Start Test Measured Bag Emissions (g/test) Calc Modal g/test Calc
Date/Time Conditions Fuel (g) PM CcoO, cO NOx | Fuel (9) CO, NOx | Fuel (9)
R3T1293 9/11/2007 15:51 B50 Fugl 3,400.0 0.87 8,768 32 92.2 2,940 8,776 98,9 2,926
R3T1294 9/11/2007 16:24 B50 Fuel 3,391.0 0.68 8,661 26 92.7 2,901 8,604 946 2,869
R3T1295 9/11/2007 16:54 B50 Fugl 3,368.0 0.78 8,735 31 83.6 2,928 8,477 87 2,826
R3T1298 9/12/2007 8:51 B50 Fuel 3,282.0 Void 8,463 26 89.4 2,835 8,741 94.5 2,914
Table B-3. Test Run Data for ULSD in a Volvo L90F Font End Loader
Test File Start Test Measured Bag Emissions (g/test) Calc Modal g/test Calc
Date/Time Conditions Fuel (g) PM co, cO NOx | Fuel (9) CO, NOx | Fuel (9)
R3T1299 9/12/2007 9:29] ULSD Fuel n/a 1.37 9,016 4P 83.4 2,857 8,952 85.8 2,816
R3T1300 9/12/2007 10:01 ULSD Fugl 3,003.0 1.33 9,058 29 83.5 2,864 8,879 846 2,793
R3T1301 9/12/2007 10:29 ULSD Fugl 3,062.0 1.29 9,161 34 82.9 2,898 8,985 85.9 2,826
R3T1302 9/12/2007 11:01 ULSD Fugl 3,232.0 Void 9,387 37 85.1 2,971 9,089 86.0 2,859
R3T1303 9/12/2007 11:38 ULSD Fugl 3,117.0 1.62 9,191 35 86.3 2,909 9,014 90,2 2,835
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