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Executive Summary

A study to evauate the effects of oxygenated fuels on motor vehicle emissions at low
ambient temperature was conducted by the Colorado Department of Public Health and
Environment, Mobile Sources Section from April 1998 through December 1998. The
purpose of the oxygenated fuel evaluation was to examine the effectiveness of oxygenated
fuel asa CO reduction strategy on a cross section of late model motor vehicles. Questions
were raised concerning the emission reduction potential of oxygenated fuels as a means to
reduce CO in a 1996 report by the National Research Council entitled “Toxicologica and
Performance Aspects of Oxygenated Motor Fuels’ . The council pointed out that very
little data had been collected on the impact of oxygenated fuel on motor vehicle generated
CO at low temperatures. The CDPHE took the necessary actionsto initiate a low
temperature evaluation. In order to assure alarge cross section of expertise into the
development of the study an Oxygenated Fuel Evaluation Design Committee was formed.
The Committee was comprised of representatives from the state and federal government,
the petroleum industry, automobile manufacturers and higher education. A consultant
from the Denver University’ s Statistics Department was al so engaged to provide expertise
in that area.

The oxygenated fuel evaluation was designed to cover four major areas with a unifying
goal of being “representative of the real world”. The first area was the temperature at
which the testing would be conducted. A temperature of 35°F was selected because that
represents the temperature at which Denver experiences the highest ambient CO
concentrations. A temperature range of 35-40 °F is used in the State | mplementation Plan
(SIP) and isreferred to as the design day temperature.

The second consideration was the test fuel to be used. Both the non-oxygenated and
oxygenated test fuels used in the study utilized the same base stock. These fuels were
refined locally and considered typical of this refinery based on the base stock common to
both fuels. The oxygenated fuel selected was a 10% ethanol blend because ethanol has
been used in 95% of the fuel distributed for the required oxygenated fuel program during
the past several wintersin Denver. The base fuel was blended with 10% ethanol to
produce the oxygenated test fuel. The base fuel was aso blended with reformate to
increase octane and produce the mid grade test fuel. The oxygenated fuel received from
the refinery was more volatile in the mid range of the distillation curve than would normally
be expected for a 10% ethanol blend fuel. The impact of the increased volatility on the test
results has not been quantified. However, the emissions benefits shown in this study are
probably conservative because of the mid range volatility factor.

The third area of design involved two criteria; the selection of test vehicles representative
of the latest federal certification requirements and the selection of vehicles as representative
as possible of the in-use fleet operating in Denver. Meeting the first criterion helped assure
that the latest emission control technology was evaluated in the study. Two federal
certification levels for motor vehicles were evaluated during the study, Tier O and Tier 1.
Tier O represents the certification standards used up to 1995. Tier 1 standards were phased
in over atwo year period starting in 1994. Tier 1 standards are more stringent for HC and
NOx emissions but meeting these requirements may aso result in lower CO emissions.



Meeting the second criterion was approached by dividing the total sample equally into both
Tiers. Both Tiers contained eight LDV's or passenger cars and four LDTs or vehicles such
as pick-up trucks and sport utility vehicles (SUV's) which are certified as light trucks. The
vehicle selection was based on areview of registration data from the greater Denver
metropolitan area. Test vehicle model years of 1991 through 1997 were selected for both
being representative of the federal certification requirements and because models from
these years make up the vast majority of the in-use fleet and represent the largest
contribution to the area’ s total vehicle milestraveled (VMT). The test vehicles that
comprised both tiers were selected to be as representative as possible of Denver’s fleet
within the constraints of the study. In addition to typical Tier O and Tier 1 vehicles, one
LEV (Low Emitting Vehicle) and six abnormally high CO emitting vehicles were tested.

The last factor was the selection of test cycles. Three test cycles were used in the
evaluation and provided a wide range of driving conditions to evaluate the oxygenated fuel
effectiveness. Thefirst test was the classical Federal Test Procedure (FTP) which is based
on typical urban driving patterns. Thistest procedure is used to verify that new vehicles
meet applicable federal emissions regulations. A second test, the Unified Cycle, issimilar
to the FTPin that the driving cycle is made up of three phases and is conducted in a similar
manner. This cycle utilizes higher speed and acceleration rates and is presently being
evaluated as a cycle more representative of today’ s driving conditions. The third test cycle,
the REPOS driving schedule, represents the small segment of today’ s driving that is very
aggressive. The test includes severe accelerations and decel erations and speeds up to 80
mph. The exhaust emissions analyses conducted on all test cycles were unburned
hydrocarbons (HC), carbon monoxide (CO), oxides of nitrogen (NOx), carbon dioxide
(CO,) and the determination of fine particulate (PM 1, and smaller) emissions. Based on the
above analyses of HC, CO and CO,, fuel economy was aso calculated.

The results of the testing are summarized in the table below. Only the statistically
significant values are listed and the LEV is not included because statistical significance
cannot be determined for one vehicle.



Summary of Statistically Significant Test Results

SET LDVs LDTs
D, (%D) D, (%D) D, (%D)
CO (gm/mi)

Both Tiers (24 Vehs) -0.97,(-11.1%) -0.86,(-10.8%) NoSD
Tier 0 (12 Vehs) NoSD NoSD NoSD
Tier 1 (12 Vehs) ? -0.74,(-15.8%) NoSD

High Ems (6 Vehs) ? - -
HC (gm/mi)

Both Tiers (24 Vehs) -0.09,(-15.7%) -0.08,(-15.2%) NoSD
Tier 0 (12 Vehs) -0.14,(-17.3%) -0.11,(-15.9%) NoSD
Tier 1 (12 Vehs) -0.04,(-11.6%) -0.05,(-13.8%) NoSD

High Ems (6 Vehs) ? - -
NOXx (gm/mi)

Both Tiers (24 Vehs) NoSD +0.05,(+7.11%) NoSD
Tier 0 (12 Vehs) NoSD NoSD NoSD
Tier 1 (12 Vehs) ? +0.07,(+19.3%) NoSD

High Ems (6 Vehs) NoSD - -
PM (mgm/mi)

Both Tiers (24 Vehs) -3.31,(-36.0%) -2.23,(-30.1%) ?
Tier 0 (12 Vehs) -5.24,(-39.7%) -3.32,(-32.2%) NoSD
Tier 1 (12 Vehs) -1.38,(-26.6%)

-1.14,(-25.4%)

NoSD

High Ems (6 Vehs) NoSD
MPG (mi/gal)
Both Tiers (24 Vehs) -0.315,(-1.45%) -0.370,(-1.49%) -0.207,(-1.32%)
Tier 0 (12 Vehs) -0.367,(-1.70%) -0.490,(-1.97%) NoSD

Tier 1 (12 Vehs)

-0.264,(-1.20%)

-0.249,(-1.00%)

-0.292,(-1.80%)

High Ems (6 Vehs)

NoSD

D, (%D) = Absolute, (percentage) changes which are statistically significant at the 95% confidence level

? = Change which is only statistically significant at the 90% confidence level
NoSD = Change which is not statistically significant at the 90% confidence level
= No data

The study results for the FTP showed that overall, a CO reduction was observed with the
use of the oxygenated fuel. Average subset CO reductionsin the -11% range were
achieved for all sixteen LDVsaswell asthe eight LDTstested. The changes were
statistically significant at the 95% confidence level (level of significance a = 0.05) for the
LDVsand the LDVsplus LDTs combined but were not statistically significant at the 90%
confidence level (a = 0.10) for the LDTs aone. Breaking the total sample into sets
corresponding to the respective Tiers shows differences that appear to be related to the
certification standards and may be influenced by mileage accumulations aswell. The CO
results for the LDVs plusthe LDTsfor each Tier also show CO reductionsin the -11%
range with only the Tier 1 changes being statistically significant at the 90% confidence
level. The Tier 1 vehicles however showed improved base fuel emissions performance and
decreased sengitivity to the oxygenated fuel as evidenced by CO emission rates less than
one half those of Tier 0 and a smaller absolute grams per mile reduction from the
oxygenated fuel. The reason that Tier 1 can show a statistically significant reduction




although its absolute reduction is much smaller isthat Tier 0's reductions are so much more
variable than Tier 1's. This causes a-11.02% reduction for Tier O to not be statistically
significant at 90% while a-11.22% reduction for Tier 1 is statistically significant. Thiswas
indicated by smaller absolute changesin CO that varied between increases and decreases
from the base fuel values. The absolute CO reduction in grams per mile achieved appears
to be strongly influenced by both the Tier O/Tier 1 certification requirements and mileage
accumulation. Tier O vehiclesrealized a-1.5 grams per mile reduction as compared to Tier
1 with areduction of -0.44 grams per mile. (Both reductions were about -11%). Tier O
vehicles with higher odometer readings and higher emissions showed the greatest benefit
from the oxygenated fuel. The eight vehicles with the highest base fuel CO emission rates
were all Tier 0 and accounted for 83% of the total CO reduction observed in this study
even though not all of the eight showed a reduction in CO.

No composite CO test value was calculated for the Unified Cycle therefore CO results are
discussed on a phase basis. This cycle was conducted as a hot test meaning there was no
cold start associated with it. Because of the more aggressive nature of thiscycle, CO
emissions were higher overall with Tier 1 vehicles having emission rates from one fourth to
one half those of Tier 0. The trends seen with the FTP were also evident with the Unified
Cycle with adecrease in CO emissions generaly occurring with the oxygenated fuel. The
Tier 0 set showed CO changes ranging from a positive 0.1 grams per mile (+1.4%) for
phase 1 to a negative 2.6 grams per mile (-27.4%) for phase 3. (Only the phase 3 reduction
was statistically significant at the 95% confidence level). Tier 1 CO emissions performance
was more consistent with CO reductions ranging from -0.50 to -0.73 grams per mile
(-21.2% to -25.9%). Statistically significant changes were at the 90% confidence level for
phase 1 and at the 95% level for phases 2 and 3. The eight vehicles with the highest CO
emission rates accounted for approximately three quarters of the total CO reduction. Of
those eight vehicles, the Tier O vehicles accounted for the majority with the highest
emissions.

The effect of the oxygenated fuel was similar for the REPO5. Even higher CO values were
observed with this test due to the aggressive driving required. The Tier O set of vehicles
had a CO reduction of -2.1 grams per mile (-15.9%) which was statistically significant at
the 90% confidence level. The Tier 1 vehicles once again had lower overall CO emissions
and showed a decrease in CO emissions of -0.37 grams per mile (-5.6%) which was not
statistically significant at 90%. Seven of the eight highest emitters were Tier O vehicles and
six of those accounted for 70.6% of the total CO reduction achieved.

The use of the oxygenated fuel resulted in an overal decrease of HC emissionsin al but
one category for the REPOS5. For the FTP, an average reduction in HC emissions of
approximately -16.5% was seen with the oxygenated fuel for the vehiclesin this study.
Statistically significant reductions at the 95% confidence level were indicated for the Tier O
and Tier 1 setsof LDVsand LDTs combined aswell asfor the Tier 0 and Tier 1 LDVs.
HC reductions ranged from alow of -7.0% for the Tier 1 LDTsto a high of -19.4% for the
Tier OLDTs. The HC reductions for the LDTs in both sets were not statistically significant
at the 90% confidence interval.

For the Unified Cycle, HC reductions were observed for al three phases and across all
vehicle categories. HC reductions for the REPOS5 were indicated across al vehicle
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categories except the Tier 1 LDTs which showed essentially no change. The same trend
shown for CO was also shown for HC. The eight vehicles with the highest HC emissions
consistently showed the most benefit from the oxygenated fuel by accounting for between
73 and 97 percent of the total emission reduction achieved.

The use of the oxygenated fuel resulted in asmall overall increase in NOx emissions.
Fifteen out of the twenty four vehicles showed an increase in FTP NOx emissions which
averaged +0.09 grams per mile. The average overall changein NOx for all twenty-four
vehicles was +0.04 grams per mile (+5.6%). The NOx increase shown for all the LDVs
was datigtically significant at the 95% confidence level. The NOx increase was more
evident for the Tier 1 vehicles. Statistically significant NOx changes at the 90% and 95%
confidence levels were shown for the Tier 1 set and the Tier 1 LDV srespectively. The
Tier 1 vehicles did exhibit much lower emission rates for al pollutants. Thisimproved
emissions performance appears to lead to an increased sensitivity with the oxygenated fuel
that resultsin aNOKx increase. Tier O showed greater NOx emissions variability which
included both increases and decreases. The LDV's showed a very small NOx increase and
the LDTs showed NOx reductions. No statistically significant NOx differences were
indicated for Tier O.

The FTP PM emissions were reduced overall with the oxygenated fuel. For the FTP, a
PM reduction of -36.0% was achieved. The PM differences for the FTP are statistically
significant at the 90% confidence level for the Tier 0 and Tier 1 combined LDTs and at the
95% confidence level for both the Tier O and Tier 1 sets and their respective LDVs. The
more aggressive Unified Cycle had average baseline PM emissions rates both variable and
relatively low of 4.9 and 2.0 milligrams per mile for both the Tier 0 and Tier 1 setswith no
statistically significant differences by either Tier or vehicle type. The REPOS resulted in
base fuel PM emission rates ranging from 7.5 to 25.3 milligrams per mile with both
increases and decreases shown for the various LDV/LDT subsets. No statistically
significant differences by Tier or vehicle type were identified.

Fuel economy with the oxygenated fuel showed an overall decrease. A decreaseis not
unexpected as the oxygenated fuel has approximately 3% less energy content due to the
addition of the less energy dense ethanol. The fuel economy loss ranged between -0.12
mpg (-0.8%) to -0.49 mpg (-1.98%) for the FTP. The highest indicated fuel economy loss
was -0.87 mpg (-4.9%) and occurred during phase 3 of the Unified Cycle. The differences
indicated for fuel economy were statistically significant for the maority of the cases at the
95% or 90% confidence level.

Six high emitter vehicles were procured and tested to determine the effect of the
oxygenated fuel for higher than normal HC and CO emission rates associated with these
vehicles. The high emitters responded to the oxygenated fuel and showed reductionsin
both CO and HC. The high emitters had FTP CO values that ranged from 30 to 350 grams
per mile. The absolute reductions varied among the high emitters and the percent
reduction for the FTP ranged from -8.9% to -35.2%. Statisticaly significant changes
were identified for the FTP in the composite and phase 2 at the 90% and in phase 3 a the
95% confidence levels. For the Unified Cycle the changesin CO realized in phases 2 and 3
were statistically significant at the 95% confidence level. The changesin CO for the
REPOS were also statistically significant at the 95% confidence level. The FTPHC
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reduction with the oxygenated fuel was -19.6% and was statistically significant at the 90%
level. The HC changes for Phase 2 of the Unified Cycle and for the REPO5 were
statistically significant at the 95% confidence level.

The original plan included the testing of at least two Low Emitting Vehicles (LEVS). Only
one was procured and tested. The FTP CO emissions showed an increase of +24% with
the ethanol blend. However, basdline FTP CO emissions were only 0.75 grams per mile,
the lowest recorded for the study. CO emission reductions, in the -40% range were
observed for the more aggressive tests. With the oxygenated fuel, HC emissions were
reduced for all of the test cycles and NOx increased over al of thetest cycles. Baseline
FTP PM emissions were very low (6 mg/mile) but still showed an -18% reduction. PM
emissions decreased for the Unified Cycle but increased for the REPO5. Fuel economy
penalties were observed for all test cycles except a +0.2% mpg increase on REPOS.

For atabular summary of the overall results, please see Tables 25 through 29 on pages 47
through 52.
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List of Abbreviations and Acronyms Used in This Report

505 The first 505 seconds of the urban dynamometer driving schedule

AQIRP Air Quality Improvement Research Program

BTU British Thermal Unit

CDPHE Colorado Department of Public Health and Environment

CARB California Air Resources Board

CO Carbon Monoxide

CO, Carbon Dioxide

CVS Constant Volume Sampler

CRC Coordinating Research Council

EPA Environmental Protection Agency

FTP Federal Test Procedure

g/mi Grams per mile

GM General Motors

LA-4 The Urban Dynamometer Driving Cycle (UDDS)

LDT Light Duty Truck

LDV Light Duty Vehiclei.e. Passenger car

LVW Loaded Vehicle Weight - The curb weight of the vehicle plus 300
pounds

mg/mi Milligrams per mile

Mobile 5a EPA Mobile Emissions Model

NAAQS National Ambient Air Quality Standards

NOXx Oxides of Nitrogen

OEM Original Equipment Manufacturer

PM Particulate Matter

PM 9 Particulate matter having an aerodynamic diameter less than 10
microns (M)

(R+M)/2 Numerical average of gasoline’s research and motor octane
rating

REPOS5 A driving schedul e representing aggressive driving outside FTP
boundaries

SHED Sealed Housing Evaporative Determination

SIP State Implementation Plan

THC Total Hydrocarbons

UDDS Urban Dynamometer Driving Cycle

Unified A driving cycle designed to be more representative of “rea

Cycle world” driving than the UDDS

Vil
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1. Introduction

In 1988 Colorado introduced the nation’s first mandatory winter oxygenated fuels
program. The oxygenated fuels program is intended to reduce carbon monoxide (CO)
emissions from mobile sources. It isone of several control strategies incorporated into
Colorado’ s State Implementation Plan (SIP). The decision to implement an oxygenated
fuel program as a CO control strategy was based upon testing programs conducted
between 1981 and 1988. The studies were conducted using randomly selected, in-use
motor vehicles that represented the majority of Denver’s fleet during that time period. The
studies were conducted at 75 °F and showed a significant decrease in both total
hydrocarbon (THC) and CO emissions. The EPA mobile model in use a the time, Mobile
3, indicated that CO reductions ranging from -8 to -11 percent were obtainable from the
fleet with the use of oxygenated fuels containing a minimum of 1.5 percent oxygen by
weight. Subsequent program years have specified higher oxygen concentrations which
have resulted in increasing CO reduction benefits.

In 1996 a National Research Council Report raised the question of air quality benefits
associated with the use of oxygenated fuels at low ambient temperatures. The report
indicated that the vast mgjority of studies comparing the emissions performance of a non-
oxygenated fuel to an oxygenated one had been conducted at nominal test temperatures of
75 °F. The point taken was that while testing conducted under standard |aboratory
conditions and protocols does provide valid and reliable data, the same conclusions drawn
from that data may not apply under wintertime conditions. Very little data are available on
the exhaust emissions effects of oxygenated fuels at low ambient temperatures with late
model vehicles.

Studies on the efficacy of oxygenated fuels at low ambient temperatures are limited as to
the number of vehicles and the model years evaluated and they have yielded varying results.
One low temperature study conducted under the direction of the Coordinating Research
Council and reported by Most (1989) had a sample of sixteen vehicles. The moddl years
ranged from 1979-1988, which represented a wide cross section of emissions control
technologies. The testing was conducted at sea level aswell as at high altitude (5411 ft) at
test temperatures of 35, 50 and 75 °F. The largest oxygenated fuel benefit was associated
with the older technology vehicles. Vehicles equipped with progressively advanced
emission control and engine management systems showed less benefit and in some cases,
anincreasein CO emissions. The increase in CO with the newest adaptive learning
technology on 1986-88 vehicles was predominately at the high atitude condition. One
drawback of this study was that the test vehicles had to meet the applicable modd year
federal emission standards at the time of the study. Compliance with this requirement
resulted in test vehicles which were not necessarily representative of thein-use fleet. In
1994 the American Petroleum Institute (Lax 1994) sponsored a study that evaluated the
effects of three different oxygenates at various concentrations at 35, 55 and 80°F. The
test vehicles ranged in model years from 1981 through 1989 and represented six
technology classifications. The vehicles with the older emission control technology showed
the greatest emissions benefit. The CO reductions observed were greatest at 55°F and
were reduced by approximately one third at 35 °F.



Knapp, eta. 1998, conducted a study that evaluated the effect of a 10% ethanol blend on
the emissions of eleven vehiclesat 75, 20, 0 and -20 °F. The vehicles ranged in model
year from 1977 to 1994. Only three of the vehicles, a1988, a 1989 and a1994, were
tested at 20 °F. The CO reductions ranged from -4.7 to -12.5 percent at this temperature.*
CO reductions diminished as test temperatures decreased from 0 to -20 °F. At 0 °F, eight
out of the eleven vehicles had CO reductions greater than those seen at

-20 °F.

Mulawa, et al. 1997, conducted a study in Fairbanks, Alaskato determine the effect of a
10% ethanol splash blended fuel at 20, 0 and -20°F. Test results showed that that FTP CO
emissions increased with decreasing temperature and that the use of the ethanol blend
tended to offset thisincrease. At 20°F the use of the oxygenated fuel showed mixed results
on the three vehicles tested. For CO emissions, reductions were indicated by two of the
three vehicles. The study also studied the effect of the oxygenated fuel on PM 4, emissions
with similar results. PM;, emission rates were reduced on two of the three vehicles.

The intent of this study was to determine the impact of an oxygenated fuel at typical
Denver winter time temperatures, on the emissions and fuel economy of late model motor
vehicles. Thein-usefleet is continually undergoing change as older vehicles are being
replaced with newer vehicles that are equipped with more sophisticated, efficient and
durable engine management and emissions control systems. These newer vehicles are
certified to meet more stringent exhaust emissions standards over a longer period of time.
No data are available on the emissions performance of these vehicles when operated on
oxygenated fuel at reduced temperatures. The primary goa of this study was to collect the
emissions data from vehicles with the latest technology and assist in the decision process to
determine the future role of oxygenated fuel as an effective CO reduction strategy. A
supplement to this goal includes the assessment of oxygenated fuel on the regulated
emissions of unburned hydrocarbons and oxides of nitrogen as well as on fuel economy and
PM o emissions. A secondary goa was to evaluate the impact of oxygenated fuel on
vehicles with high exhaust emissions.

2. Oxygenated Fuels Assessment Design Committee

In order to provide answers to the above issues and other questions, the Colorado
Department of Public Health and Environment (CDPHE) formed an Oxygenated Fuel
Assessment Design Committee. The design committee was composed of representation
from state and federal government, the automotive and oil industry and higher education.
The committee was charged with designing an evaluation that would address the questions
and concerns in the introduction. The members of the design committee are listed in
Appendix A.

! Throughout this report numbers indicating a reduction will be preceded by aminus sign.
2



3. Experimental

The study was conducted by the Mobile Sources Section of the Air Pollution Control
Division at the Aurora Vehicles Emissions Technical Center. The study started in April
1998 following alaboratory upgrade that included the installation of a 48 inch diameter
Horiba electric light duty vehicle chassis dynamometer in the cold cell and an R-22
refrigeration system capable of supporting vehicle testing down to 0 °F. The program
tested three sets of vehicles, two of the sets were based on federal certification standards,
and the third was a set of high emitters. The vehicles were tested on the 48 inch electric
dynamometer at winter temperatures over three different driving schedules using
commercidly available winter fuels.

Driving Schedules

Three driving schedules or cycles were used in this study. The cycles were; the Urban
Dynamometer Driving Schedule (UDDS) which isthe basis for the Federal Test Procedure
(FTP), the Unified cycle and the REPO5S. These test cycles incorporate progressively
higher speeds and acceleration rates. The added test cycles provided data on the effects of
oxygenates under non-FTP driving conditions requiring wide open throttle and open loop
engine control. The FTP provided the basis for the evaluation. This procedure provides a
constant for any comparisons against past or future test programs. FTP data are also the
principa inputs for EPA’s MOBILE model and are required to generate comparable
predicted emission rates from the different fuels. The FTP was not conducted in its
entirety. No evaporative emissions assessment was made in this study, therefore the
Sealed Housing Evaporative Determination (SHED) test and associated fuel tank heat build
were omitted.

The Unified Cycle was designed by the California Air Resources Board (CARB) to provide
amore accurate representation of real world driving and to generate more representative
data for emissions inventory purposes. The Unified cycleissimilar tothe FTPinthat itisa
three phase test, but phase duration and speeds are quite different from those in the FTP.
Likethe FTP, the Unified cycleisintended to be conducted from a cold start condition in
order to provide data on cold start emissions. For the purposes of this study however, the
Unified cycle was conducted from a hot running start rather than a cold start condition.
The additional time required to re-soak the vehicle for aminimum of twelve hours
following the FTP was prohibitive.

The REPO5 was devel oped as part of the FTP revisions required in the 1990 Clean Air Act
Amendments. The REPOS5 driving cycle represents aggressive driving with both high
speeds and very high acceleration rates. The REPOS5 has been shortened from 1400
seconds to 600 seconds and has been renamed the USO6. The USO6 is arequired driving
schedule in the Supplemental FTP. The REPOS was used in its entirety for this evaluation
in order to assess the effects of oxygenated fuels under aggressive driving conditions and
provide additional information for emissions modeling. This cycle contains acceleration
conditions requiring wide open throttle and subsequently, maximum fuel enrichment.
These driving conditions typically generate additional CO, HC and PM emissions. Table 1
presents a comparison of the key characteristics of each driving cycle used in the study.
The speed versus time trace for each of these driving schedules is contained in Appendix B.
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Table1

Driving Schedule Comparison
FTP FTP FTP | UNIFIED ucC UucC REPOS
BAG1 | BAG2 | CYCLE |BAG1 | BAG2
Duration
(seconds) 1372 505 867 1435 300 1135 1400
Distance
(miles) 75 3.6 3.9 9.8 1.2 8.6 20.0
Average Speed
(mph) 195 | 256 16.0 24.6 14.2 27.4 51.5
Max Speed
(mph) 56.7 56.7 34.3 67.2 411 67.2 80.3
Max Accderation
(mph/sec) 3.3 3.3 3.3 6.9 5.8 6.9 8.5

NOTE: The same driving schedule is used for both Bag 1 and Bag 3 for the FTP and the
Unified Cycle.

Test Fuels

The main focus of the study was to evaluate oxygenated fuels under “representative, redl
world” wintertime conditions. In keeping with that focus, the test fuelsused were
commercial, mid grade winter fuels refined in the Denver area. The test fuels were
provided by alocal refinery and were considered typical for this refinery based on the base
blendstock common to both fuels. . The non-oxygenated fuel was the same as the fuel
sent to the Western slope of Colorado where oxygenated fuel requirements are not in
effect. Thiswould probably be the same fuel that would be used in the front range area if
there were not an oxygenated fuel program. The oxygenated test fuel contained ethanol at
10% by volume. Because ethanol represents approximately 95 percent of the oxygenates
used in the Greater Denver area no other oxygenates were tested. Asshown in Table 2,
the properties of the two fuels were generally well matched. The one exception being the
T-50 point for the oxygenated fuel. Depending on the blendstocks available to the refinery,
the addition of 10% ethanol by volume resultsin a T-50 point approximately 30 °F lower
than the non-oxygenated base fuel and resultsin increased volatility in the mid range of the
distillation curve. The T-50 point for the oxygenated test fuel was 53 °F less than the non-
oxygenated test fuel. Although the resultant increase in mid range volatility has the
potential to affect both emissions and driveability, no driveability problems were
encountered with the 24 Tier 0 and Tier 1 vehicles tested in the program. It is not known
how much impact the higher volatility may have had on exhaust emissions but if HC and
CO exhaust emissions were affected, the reductions shown in the study will tend to be
smaller than they might have been. Table 2 gives the fuel properties of the non-oxygenated
and oxygenated test fuels.




Table2
Test Fuel Properties

Test Description Non-oxygenated Oxygenated
Specific Gravity 0.7347 0.7294
Reid vapor pressure (psi) 13.1 13.7
Digtillation ( °F)

IBP 83 87
5% 95 99
10% 106 108
20% 128 122
30% 151 135
40% 178 145
50% 206 153
60% 235 202
70% 266 241
80% 299 278
90% 335 324
95% 370 360
EP 420 416
Hydrocarbon Type (L.V.%)

Aromatics 32.3 30.1
Olefins 14.2 14.3
Saturates 53.6 55.7
Benzene 131 0.90
Oxygenates (V %)

Ethanol <0.1 10.2
All others <0.1 <0.1
Oxygen content (Wt %) <0.2 3.5
Lead (g/gd) <0.002 <0.002
Sulfur, total by x-ray

spectrometry (Wt %) 0.0186 0.0190
Octane

Research Octane 92.3 92.4
Motor Octane 82.9 82.8
R+M/2 87.6 87.6

The fuels used were mid grade with an (R+M)/2 octane rating of 87.6. Regular fuels with
an octane rating of 85 make up approximately 55-60% of the Denver arearetail fuel sales
and would have been used if the only emissions test used in the evaluation was the FTP.

Additiona test cycles, with higher speeds and accel eration rates combined with

requirements by several auto manufacturers to use a minimum 87 octane fuel necessitated
the use of amid grade fuel. Two samples of each test fuel were randomly selected and
submitted to an independent laboratory for analysis. The averages calculated from each set
of analyses were then used in the calculation of net heating values which were used in the
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fuel economy calculations. Appendix C contains a summary of the procedures used to
determine fuel economy.

Test Temperature

A test temperature of 35 °F was used to represent ambient conditions where CO reductions
are needed to meet National Ambient Air Quality Standards (NAAQS). The highest
ambient CO readings in Denver typically occur at 35-45 °F. Thisisreflected in Denver's
CO SIP where the design day temperatureis 35 °F. Test vehicles were prepped, soaked
and tested at 35 °F and engine oil temperatures were recorded prior to the start of the FTP.
Temperatures were monitored continuously during all phases of the testing and average
temperatures calculated. The average temperature for al FTPswas 35.9 °F.

Test Vehicles

Four different sets of vehicles were tested in the program. The first two sets were made up
of model years 1991 through 1997 and contained 12 vehicles each. These two sets
represented two different levels of emissions certification and were defined by Tier O and
Tier 1 Federa certification levels. The phasing in of Tier 1 standards started in 1994, with
full compliance required by model year 1996. Table 3 shows the certification values
associated with each Tier and vehicle category. The third set consisted of high emitting
vehicles. The composition and procurement of this set will be discussed below. The fourth
set was Low Emitting Vehiclesor LEVs. Due to vehicle availability and time constraints,
only one LEV was tested.

In addition to Tier O/Tier 1 requirements, 1994 and later LDVsand LDTs had additional
Federa reguirementsin that they had to meet Cold CO standards at 20 °F. LDVsand
LDTs up to a 3750 pound LVW were required to meet a 10 g/mi standard and a 12.5 g/mi
standard applied to LDTswith an LVW greater than 3750 pounds.

Table 3
Federal Certification Standards for Tier O/ Tier 1
Passenger Car (LDV) STANDARDS
HC CO NOx
Tier 0 0.41 34 1.0
Tier 1 0.25* 34 0.4
Light Duty Truck (LDT)
Tier 0 1.0 14 1.2-1.7**
Tier 1 0.32* 4.4 -5.0** 0.7-1.1**

*  NMHC (Non-methane hydrocarbons)
**  Standard dependent on Loaded Vehicle Weight (LVW)

Selection of vehicles for the first two test sets was made based on obtaining a

representative sample of Tier 0 and Tier 1 vehicles. The sample was designed to represent

the Denver fleet within the size constraints of the total test program. Each set was further
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subdivided into light duty vehicles (LDV's) and light duty trucks (LDTs). Registration data
from 103 ZIP codes that make up the Greater Denver Metro areawas analyzed and
showed that light duty trucks make up nearly 39% of the 1991 through 1997 light duty
vehicle/light duty truck population. Based on the indicated LDV - LDT distribution, each
set was made up of 8 LDVsand 4 LDTs.

Because of the relatively small number of test vehicles, a stratified random sample was
used to obtain vehicles. Registration data from each set was further broken down and
analyzed to determine an appropriate representative sample. Representative vehicles were
selected using two criteria, the first being the frequency of makes and models by year and
the second, the use of specific engines across different makes and models. Representative

vehicles were then randomly procured from the in-use vehicle fleet. Tables 4 and 5 show
the vehicles tested in each Tier. Table 4 shows one deviation from the 1991-1997 model
year criteria. That one exception isa 1990 Honda Accord. A problem with the initia
extraction of vehicles from the registration data base resulted in a small number of owners
of 1990 model year vehiclesreceiving letters. This vehicle was procured in response to the
initia mailing. Since the vehicle was certified to Tier O standards and represented a
significant portion of the in-use fleet it was included in the study and its inclusion does not

detract from the study goals.
Table4
Tier O Test Vehicles
Light Duty Vehicles
V ehicle Number Model Y ear Make Model Engine Odometer

OF098V1 1993 Toyota Corolla 1.8 20150
OF098V 2 1990 Honda Accord 2.2 92586
OF098V 3 1991 Ford Escort 1.8 109295
OFO98V4 1991 Honda Civic 15 110927
OF0O98V7 1993 Ford Taurus 3.8 79183
OF098V 20 1992 Toyota Camry 2.2 88112
OF098V 23 1994 Chevrolet Cavalier 3.1 46944
OF098V 26 1993 Saturn SC2 1.9 34578

Light Duty Trucks
OF098T11 1993 Ford Explorer 4.0 44112
OFO098T12 1991 Chevrolet Blazer 4.3 122759
OF098T15 1993 Jeep Cherokee 4.0 36929
OF098T28 1992 Chevrolet | Suburban 5.7 63119




Table5

Tier 1 Test Vehicles

Light Duty Vehicles
V ehicle Number Model Y ear Make Model Engine Odometer

OF198V5 1996 Ford Taurus 3.0 38267
OF198V6 1996 Saturn LS2 1.9 11978
OF198V9 1995 Honda Civic 15 52636
OF198V 19 1997 Chevrolet Cavalier 24 22286
OF198V 21 1997 Toyota Camry 2.2 23045
OF98V 22 1996 Honda Accord 2.2 29885
OF198Vv24 1995 Pontiac Bonneville 3.8 43817
OF198V 25 1996 Subaru Legacy 2.2 19389

Light Duty Trucks
OF198T00 1997 Dodge Caravan 3.0 7863
OF198T18 1996 Ford Explorer 4.0 33724
OF198T27 1996 Chevrolet Blazer 4.3 42610
OF198T29 1997 Ford Expedition 54 14076

Of the twenty four vehicles tested, all were equipped with three way catalytic converters
and twenty one had port fuel injection systems. One LDV and two LDTs from the Tier O
set were equipped with throttle body fuel injection. Average odometer readings for Tiers 0
and 1 respectively were; 70,726 and 28,298 miles. The LDVsin both sets had the higher
average odometer readings.

V ehicle Procurement

The vehicles selected to best represent the fleet were sorted from the registration data base
using VIN criteria of model year, make, model and engine. The data were matched to
owner’s names and addresses. The owners were then sent a package that identified the
voluntary nature of the study and its purpose. The package consisted of a solicitation letter
explaining the study, an attachment with commonly asked questions and answers and a
postage paid card for reply. This package was sent to approximately 50 vehicle owners at
atime. Potential test vehicles were solicited and scheduled for an acceptance inspection
based on returned post cards indicating a positive response. A sample of the procurement
package is provided in Appendix D.

High Emitter Procurement

As mentioned above, one of the goals of the study was to assess the impact of an
oxygenated fuel on ten vehicles classified as “high emitters’. For the purpose of this study
a high emitter was defined as a 1991 or newer passenger car or light truck with an I/M-240
CO value of 30 or 60 g/mi respectively. Prospective test vehicles were identified each day
by examining the Enhanced I/M program’ s test data base from the previous day and sorting
out vehicles that met the above criteria. VINs were than matched with registration records
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in order to obtain the owners name and address. From the registration information an
attempt was made to obtain telephone numbers in order to contact the owner quickly
before repairs were made to the vehicle. When an owner was contacted, the purpose of
the program was explained along with the incentives offered for participating. The
incentivesincluded afree, late model loaner vehicle plus $5.00 per day, up to a maximum
of $60.00, or if no loaner was required $25.00 per day, up to a maximum of $300.00.
The vehicle was a so returned to the owner with afull tank of fuel. In the last few months
of the program free repairs were also offered. Despite these efforts only five high emitters
were procured and tested. Three potential high emitters were rejected when they were
tested at the laboratory and passed back to back I/M-240 tests. One vehicle was rejected
because the oil pressure light was on upon arrival at the lab. The five vehicles tested were
Tier O certified. In order to test at least one Tier 1 certified vehicle, astate owned 1994
Chevrolet LuminaLDT was identified and brought into the program. Malfunctions were
introduced into the vehicle to cause it to fail an 1/M-240 and it served as the sixth high
emitter.

Vehicle Preparation

Potential test vehicles received an incoming inspection upon arrival at the laboratory. The
inspection documents the physical condition of the vehicle and is used to determineiif it is
safeto test. Vehicles were rejected for excessive fluid leaks, worn tires, major exhaust
system leaks or other mgjor problems which could result in a mechanical failure during
testing. In addition to the normal inspection, “high emitters* were also subjected to an
I/M-240 test to verify the CO failure. Vehicles accepted into the study did not undergo any
maintenance that would affect emissions performance. Maintenance was limited to items
such as the repair of minor exhaust leaks or replacing studded snow tires. Each vehicle
also received an oil and oil filter change using OEM filters. Only oil meeting the
manufacturers specifications was used. The fuel tank sending unit/fuel pump assembly was
modified to alow for continuous monitoring of fuel temperature and to facilitate draining
for fuel changes. Fuel tank integrity was verified prior to the start of vehicle
preconditioning. Modified units were replaced with new OEM parts and fuel tank integrity
was again verified before returning the vehicle to the owner.

V ehicle Preconditioning

Test vehicles underwent extensive preconditioning prior to testing on each fuel to minimize
any potential emissions effects that could result from fuel carry over. Theinitia test fuel to
be used with each vehicle was randomly selected before the vehicle was accepted into the
program. Statistical analysis after testing was completed found that there were no
significant effects upon emissions due to fueling order at the 95% (a = 0.05) confidence
level. The preconditioning was based on a procedure described in Appendix V of SAE
Paper 912320 entitled “ Description of Auto/Oil Air Quality Improvement Research
Program” and was recommended by the automobile manufacturers. The vehicle
preconditioning and test sequence used in this study is contained in Appendix E.



Vehicle Testing

Each vehicle underwent a minimum of two complete test sequences on each fuel. The test
sequence consisted of; acold start FTP, ahot running start 505, a hot running start
Unified Cycle and a hot running start REPOS. In order to assure the vehicle was stabilized
following the reading of the sample bags from the prior test, it was operated at 50 mph for
two minutes, returned to idle and then the next test was immediately started. The need for
athird test sequence was based on test repeatability criteria established by Painter and
Rutherford in SAE paper 920319 and was only applied to the composite FTP results. The
method used was to determine the ratio of the larger to the smaller test value for each pair
of pollutants and require athird test when the ratios exceeded the following values, HC -
1.33, CO-1.70, and NOx - 1.29. In addition to these criteria an additional requirement
was placed on CO in that a third test would be required if the difference in the FTP
composite values exceeded 2.8 g/mi. Because of the potential variability with high emitters
at least three test sequences were conducted on each fuel. Test results from either the two
or three runs for each fuel were averaged and the average value was used in the fina
statistics.

There were four exceptions to this procedure. The first was test vehicle OF098T11 where
the first FTP test data were removed from the oxygenated fuel test statistics because of
abnormaly high HC, CO and NOx bag 1 emission values. No reason for the problem
could be determined. The average of the next two FTPs was used for this vehicle as there
was good agreement between these tests. The second was test vehicle OF198V9. A
problem with the hydrocarbon analyzer resulted in aloss of HC data for the first non-
oxygenated FTP. Two additional FTPs were conducted. The third instance involved test
vehicle OF198T29. Datafrom the first test sequence (non-oxygenated fuel) was not used
because the appropriate dynamometer coefficients were not entered. The fourth instance
was with vehicle # OF198T27. The first REPO5 run which was on the oxygenated fuel
showed a very high PM emission rate which was not consistent with subsequent test
values. This data point was not used in the final average as it was concluded this was not a
fuel effect. Inthefirst Unified Cycle run ahigher PM emissions rate was also observed for
thisvehicle. After examining the data it was concluded that the high emission rate was
most likely the result of the thermal transients and high exhaust flow rates associated with
the REPO5.

Regulated gaseous emission rates were determined for THC, CO and NOx. CO, emission
rates were also determined as was fuel economy for each test. THC values were
determined with a flame ionization detector (FID). The instrument was calibrated in
accordance with CFR 40 Part 86 requirements and no correction was applied to account
for the small change in instrument response due to the oxygenated fuel. Emission rates
were also determined for particulate matter (PM, 10mand smaller) for the FTP, the
Unified Cycle and the REPOS. All test results can be found in Appendix F and all test
statistics are in Appendix G.

During the FTP, particulate filters were collected for each phase. For the Unified Cycle
and the REPOS5 particul ates were collected on asingle filter. Particulate samples were
drawn off the dilution tunnel via an isokinetic nozzle and passed through a University
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Research Glassware PM y, cyclone separator before being collected on a 37 mm, 2mTeflo
filter. A massflow controller was used to assure a constant PM sample system flow.
Exhaust flow from the vehicle was transferred to the CV S system through a heated and
insulated transfer line. The transfer line was heated to 225 °F to minimize water
condensation during the cold start portion of the test. CVS system flow was maintained at
anominal 640 SCFM by acritical flow venturi. The 640 SCFM flow rate was used to
minimize the chance of condensation being formed in the sample system during the more
aggressive driving associated with the REPOS.

Based on concerns expressed by other researchers and the high volatility of the test fuels
being used, steps were taken to minimize the buildup of heat in the fuel tank and
subsequent fuel weathering which can occur over multiple test sequences. The first step
was to fill fuel tanksto 70 percent of capacity rather than the 40 percent required in
certification testing. In addition, three Hartzell cooling fans were used during the FTP and
Unified Cycle. One Hartzell was used to provide air flow for the radiator and two fans
provided underbody air flow to facilitate fuel tank cooling. During the REPO5, an
additional Hartzel fan was used to increase air flow through the radiator. Fuel tanks were
fitted with thermocouples and fuel temperature was monitored continuously. The highest
fuel temperatures were recorded at the end of the REPOS and they averaged 57 °F. The
maximum temperature observed for the Tier 0 and Tier 1 vehicles was 86 °F.

Statistical Analysis

Because there was a large degree of vehicle to vehicle variability in base fuel emission
levels, even among vehicles of similar types and technology, a statistical method known as
“Deltaof Means’ was employed. In this method the average oxygenated fuel emissions
level for al vehicles within the group being examined is compared to the average base fuel
(non-oxygenated) level for the group. Relative or percent changes are calculated from the
absolute change in the group averages. The alternative which would be to determine the
relative change for each vehicle first and then calculate an average of the relative changes
(“Mean of Percent Deltas’) would give undue weight to individual vehicles with large
relative (and quite possibly small absolute) changesin emission levels.

In order to determine whether or not a change in mean levels was significant at a particular
confidence level, atwo sided confidence interval was constructed around the mean of the
absolute changes based upon the standard deviation of the changes, the number of vehicles
in the group and the appropriate value of the Student’ s t statistic for the sample size and
degree of confidence desired. If the confidence interval included the value zero, the
difference could not be considered statistically different from no change and therefore the
change was not statistically significant at that level of confidence. For this report two
confidence levels were examined. Changes which were statistically significant at a 95%
confidence level (a = 0.05) were considered to be likely to have real effects upon the total
population of vehicles of smilar type and technology. Changes which were not statistically
significant at a 90% confidence level (a = 0.10) were considered to be unlikely to have redl
effects. The effects of changes which were statistically significant only at a 90% confidence
level were considered to be inconclusive.
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Results and Discussion

The principa purpose of this study was to assess the impact of a 10% ethanol blended
winter fuel on the exhaust emissions of Tier 0 and Tier 1 vehicles at 35 °F. The impact of
the ethanol blend on CO emissions was of particular interest as this was the pollutant
addressed in the National Research Council Report. The assessment included three
different driving schedules to maximize information on oxygenated fuel effects over
increasingly aggressive driving schedules.

CO emissionsin general, were reduced by the use of oxygenated fuel. However, the
absolute sizes and the relative significance of the reductions varied according to factors
such as vehicle certification level (Tier O or Tier 1), vehicle type (car or truck) and the
initiadl emissonsrate. The following sections contain specific results and explore some of
the details responsible for these variations. Theinitia discussion will cover the main study
group of twenty-four non high emitting vehicles. This main group consists of eight LDV's
and four LDTsin each of the two certification Tier sets. Evauating the CO effects on the
entire main group eliminates the effects of smaller sasmple sizes and the corresponding
impact on statistical significance. Asthe entire fleet of tested vehiclesis broken down into
smaller and smaller subsets, the effect of individual vehicles on small sample sets becomes
an increasingly important factor affecting both emissions reductions and their significance.
In several cases one truck out of four or one car out of eight significantly altered the
results.

The main group of non high emitting vehicles will be examined first (high emitters will be
addressed in another section). This group will be analyzed by Tier and vehicle type subsets
and, as mentioned above, the traditional cold start FTP will be examined first followed by
the Unified Cycle and the REPOS.

4. Oxygenated Fuel Effect on CO Emissions

CO Emissions - FTP Results Overall

Analysis of the FTP data shows an overall reduction in composite CO emissions with the
10% ethanol fuel. Figure 1 shows the changesin CO emissions for the main group of
twenty four vehicles, which consisted of sixteen LDVsand eight LDTs. The data show
grams per mile (g/mi) CO reductions of -0.97 (-11.1%) for the complete main group, -0.86
(-10.8%) for the LDVsand -1.2 (-11.5%) for the LDTs. The CO reductions for the
complete main group as well asfor the LDVs are statistically significant at the 95%
confidence level.
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Figure 1. The effect of a 10% ethanol blended fuel on the FTP composite CO emissions
for the main group and its LDV/LDT components.

The data show that the magjority of the CO reductions observed occur on vehicles with the
highest emission rates. As the emission rates decrease so do the absolute CO reductions.
As an example see Figure 2, which shows that ordering the vehicles by emission rate,
highest to lowest, that the eight vehicles with the highest base (non-oxygenated) CO
emissions accounted for amajor portion of the overall CO reduction. The baseline CO
emissions for these vehicles ranged from 30.5 to 8.8 g/mi and averaged 17.5 g/mi.
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Figure 2. FTP base fuel CO emissions rates and the associated absolute change
in CO due to the oxygenated fuel.

These vehicles when switched to oxygenated fuel accounted for 83 percent of the total CO
reduction realized for the main group. These vehicleswere al Tier O certified and included
3 trucks. One of the vehicles, Tier O truck #12, accounted for over one half of the
reductions from the eight higher CO emitters. But even if that vehicleis excluded, the
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other seven vehicles would account for 69 percent of the reductions from the remaining 23
vehicles. Vehicles with lower base fuel emission rates realized smaller overall CO
reductions. The eight lowest emission rates ranged from 1.5 to 4.2 g/mi and averaged 2.8
o/mi. They accounted for only 2.5 percent of the total CO reduction. This group was
comprised of 3Tier LLDVs, 4 Tier 1LDTsand one Tier O LDV.

CO Emissions - FTP Results by Certification Tier

Analysis of the FTP data for both the Tier O and Tier 1 sets shows an overal reduction in
the FTP composite CO emissions with the 10% ethanol fuel. The changes in the average
FTP composite CO emissions resulting from the oxygenated fuel are shown in Figure 3.
CO reductions occurred for all situations except the Tier 1 LDTs. For Tier O vehiclesthe
absolute emissions reductions were larger than Tier 1's. The Tier O vehicles tended to be a
little more variable in thelr emissions performance so although the relative percent
reductions were not too different between the Tiers, the number of statistically significant
differences were fewer for Tier 0. The Tier O vehicles showed an absolute CO emission
reduction of -1.5 g/mi (-11.0%) however, the reductions were not statistically significant,
even at the 90% confidence level, for either the set or the LDV / LDT subsets.
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Figure 3. The effect of oxygenated fuel on FTP CO emissions for Tier O and Tier 1.

One statistically significant CO reduction was indicated for Tier 0. The reduction was at
the 90% confidence level for the LDV's and applied to the second phase of the FTP. The
absence of statistical significance for the FTP is due to the variable emissions performance
of the Tier 0 vehicles. The variability is demonstrated by four of the eight LDV's and one
of the four LDTswhich show an increase in FTP CO emissions with the ethanol blend.
Increases in individual vehicle's CO emissions occurred during al phases of the FTP but
the highest frequency occurred during the cold start or bag one of the FTP. The cold start
portion of the test is where areduction in CO emissions for each vehicle would be
expected, due to the open loop operation that occurs during the cold start portion of the
test. Although the individua vehicle response to the oxygenated fuel varied, the largest
overal CO reduction for the LDV's occurred during the cold start. The LDTs also showed
alarge decrease in cold start CO emissions. However the largest decrease came in phase 3
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for these vehicles. Table 6 provides an overall summary of the changesin Tier 0 CO
emissions. The table shows the absolute changes (D) which are the difference between the
non-oxygenated values and the oxygenated fuel values and the percent changes (%D)
associated with this difference. These changes are calculated as the differences from the
mean of the non-oxygenated values to the mean of the oxygenated values divided by the
mean of the non-oxygenated values. (%D of the Means).

Table 6

Absolute and Percent Changein FTP CO Emissionsfor Tier O

SET LDVs LDTs
Tier 0 D %D D %D D %D
FTP -1.50 -11.0 -0.98 -8.7 -2.54 -13.9
Bag 1 -3.62 -7.6 -3.35 -8.2 -4.17 -6.9
Bag 2 -0.27 -7.3 -0.37 ** -10.8 -0.06 -1.4
Bag 3 -2.21 -33.1 -0.36 -9.6 -5.901 -47.1

D = Absolute in grams per mile
** Statistically Significant at the 90% Confidence Level

Over one half of the 1.5 g/mi CO reduction for the Tier O set and all of the average
reduction for the LDTs can be attributed to one LDT. Test vehicle OF098T12 had the
highest base fuel FTP CO emissions of the set (30.5 g/mi) and showed substantial CO
reductions of -16.7 and -22.2 g/mi for bags 1 and 3 on the oxygenated fuel. Thisvehicle
had over 122,700 miles on the odometer and no check engine light or service engine
indication was evident.

Table 7 shows a set of datasimilar to Table 6 but hasthisLDT removed from the analysis.
This table shows the impact that one vehicle which exhibits large emission changes when
the fuel is changed can have on asmall sample. Note that the FTP %D for the set goes
froma-11.0% to a-6.1% and the FTP and bags 1 and 2 for the LDTs go from a reduction
to an increase.

Table7
Absolute and Percent Changein FTP CO Emissionsfor Tier O
without test vehicle OF098T12

SET LDVs LDTs
Tier 0 D %D D %D D %D
FTP -0.73 -6.1 -0.98 -8.7 -0.07 -0.5
Bag 1 -2.44 -5.5 -3.35 -8.2 +0.003 +0.006
Bag 2 -0.23 -6.6 -0.37 ** -10.8 +0.17 +5.0
Bag 3 -0.39 -9.6 -0.36 -9.6 -0.48 -9.4

D = Absolute in grams per mile

** Statistically Significant at the 90% Confidence Level
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Asshown in Figure 3 the Tier 1 vehicles had a much lower emission rate than Tier 0. Asa
result of the lower emission rates these vehicles appear less sensitive to the oxygenated
fuel. Thisisindicated by the smaller absolute differences shown in Table 8. The Tier 1 set
showed a smaller absolute FTP CO reduction ( -0.44 g/mi) but the percent change is both
larger and significant at the 90% confidence level. The LDV FTP CO reduction is
significant at the 95% confidence level. The Tier 1 vehicles exhibited less variability in CO
emissions and only one LDV and two LDTs showed an increase in FTP CO emissions.

The enhanced emissions performance of the Tier 1 set is apparent by the changesin the
cold start emission rates. Non-oxygenated cold start (bag 1) emission rates for the Tier 1
set are less than 30% of the Tier O rates. The absolute change in bag 1 CO for the set due
to the oxygenated fuel is less than one-fourth the size of the Tier O reduction. The Tier 1
LDTs demonstrated a dightly negative response to the oxygenated fuel showing a small
increase (+1.12 g/mi) in CO emissions for the cold start. The lower overall emission rates
may be attributable to refinements in emissions control technology and engine management
system calibrations required to meet the Cold CO standards and the more stringent Tier 1
standards. The lower average mileage may also have had an effect. Table 8 provides an
overall summary of the CO changes for Tier 1.

Table8
Absolute and Percent Changein FTP CO Emissionsfor Tier 1

SET LDVs LDTs
Tier 1 D %D D %D D % D
FTP -0.44 ** -11.2 -0.74* -15.8 +0.17 +7.1
Bag 1 -0.76 -5.5 -1.70 ** -10.7 +1.12 +11.2
Bag 2 -0.24 -24.8 -0.34 -24.6 -0.04 -27.2
Bag 3 -0.58 * -30.4 -0.78* -31.3 -0.17 -24.0

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

CO Emission - Unified Cycle Results

The Unified Cycle was developed by CARB to provide a more accurate representation of
real world driving and generate more representative data for emissions inventory purposes.
The data collected for this cycle shows that under the test conditions of higher speeds and
acceleration rates with the vehicle at operating temperature, the use of the oxygenated fuel
generaly resulted in CO reductions. The Unified cycleissimilar tothe FTPinthat itisa
three phase test, but phase duration, speeds and acceleration rates are quite different from
the FTP as shown in Table 1. The Unified cycleisintended to be conducted from a cold
start condition in order to provide data on cold start emissions. However, dueto time
constraints, soaking the vehicles again for a second cold start test was not feasible.
Because of this the test results provided below were obtained from a hot running start
rather than a cold start condition.
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No composite Unified cycle values are provided as an appropriate weighting of the three
phases has not yet been determined. Because of this no direct comparison of CO emissions
is made to the FTP composite CO value. In addition no bag 1 comparisons are made
because the FTP bag 1 was a cold start whereas bag 1 for the Unified Cycle was a hot
running start. However, acomparison can be made between CO emissions for the second
and third phases of both tests. Table 9 shows the average CO emission rates for phases 2
and 3 from both tests for the Tier 0 and 1 sets (LDVs and LDTs combined). As might be
expected because of the higher speeds and acceleration rates, CO emissions were greater
for both phases of the Unified Cycle. What is also shown isthat the absolute CO reduction
is essentially the same between the same phases for both tests for the Tier O set. The Tier 1
set follows the same pattern but shows a smaller absolute reduction for phase 2 of the FTP
than is evidenced for the Unified Cycle.

Table9
Absolute and percent change between the averaged LDV plus LDT CO emissions of phase
2 and 3 of the FTP and Unified Cycle

Tier O Tier 1

FTP | NonOxy Oxy D %D | NonOxy | Oxy D %D

Bag 2 3.68 341 |-0.27| -7.3 0.96 0.72 | -0.24 | -24.8

Bag 3 6.69 448 |-221| -331 1.9 1.32 | -0.58 | -30.4

U.C.

Bag 2 6.58 6.29 |-029]| -44 3.24 251 | -0.73 | -22.6

Bag 3 9.42 6.84 |-258]| -274 2.59 204 | -0.55 | -21.2

Vehicles with the highest base fuel CO emissions again showed the greater benefit from the
oxygenated fuel. This trend was observed throughout all phases of the Unified Cycle. The
eight highest emitters were essentially the same vehicles with seven out of the eight being
present in all phases. Not al of the highest emitters showed consistent CO reductions.
Three out the eight showed increasesin CO for phases 1 and 2 but all vehicles showed a
CO reduction for the phase 3 hot restart portion of the test. Tier O vehicles accounted for
the maority with six out the eight for phases 1 and 2 and seven out of eight for phase 3.
The percentages of the total CO emissions reduced per phase by these vehicleswere; 73.2,
69.7 and 78.8 for phases 1 though 3 respectively.

Figure 4 shows that CO reductions with the oxygenated fuel were achieved for Tier 1
LDVsin dl three phases and for the Tier O vehicles with the exception of phase 1. Four
out of the eight Tier 0 LDVs accounted for an unexplained +0.57 g/mi increase in CO
emissions on the ethanol blended fuel for the hot running start used for phase 1. For phase
3theTier 0 LDVsdid show a statistically significant CO reduction at the 95% confidence
level. The-2.3 g/mi reduction shown for phase 3 was influenced by one vehicle,

OF098V 23, which had a-6.5 g/mi CO reduction. Thisreduction isin contrast to seven
out of the eight vehicles which had CO reductions for this phase averaging -1.7 g/mi with
none greater than -3.8 g/mi. The Tier 1 LDV's average phase 3 CO emission reductions of
-0.7 g/mi was statistically significant at the 90% confidence level.
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Figure 4. The effect of oxygenated fuel on the CO emissions of Tier 0 and Tier 1 LDV's
for each phase of the Unified Cycle.

Figure 5 depicts the relatively small CO reductions, lessthan -1 g/mi, shown by the Tier O
and 1 LDTsfor all phases with the exception of Tier O phase 3. The -3 g/mi CO reduction
shown for this phase by the Tier 0 LDTswas due again, to test vehicle OF098T12. The
CO reduction of -9 g/mi realized by this vehicle accounted for the majority of the observed
CO reduction. None of the CO reductions for the LDTs were statistically significant at the
90% confidence level.
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Figure 5. The effect of oxygenated fuel on the CO emissions of Tier O and Tier 1 LDTsfor
each phase of the Unified Cycle.
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Figure 6 presents the CO impact of the oxygenated fuel for the LDVsand LDTs combined
into their respective Tier O and 1 sets. The Tier 1 set had less emissions variability and
showed less sengitivity to the oxygenated fuel. The CO reductions achieved by this set are
less than -0.75 g/mi for each phase. The changein CO for phase 1 is statistically significant
at the 90% confidence level while the changes for phases 2 and 3 are significant at the 95%
confidence level.

The CO emissions for Tier O were more variable than those of Tier 1. The Tier O set
showed adlight CO increase in phase 1, a-0.29 g/mi decrease for phase 2 and a-2.6 g/mi
reduction for phase 3. The phase 3 CO change was the direct result of the CO reductions
achieved by theindividua LDV and LDT previoudy discussed. The phase 3 Tier O
changes were statistically significant at the 95% level. Table 10 provides an overall
summary of both Tier 0 and Tier 1 CO emissions for the Unified Cycle,

Table 10
Absolute and Percent Change in Unified Cycle CO Emissionsfor Tier 0 and Tier 1
SET LDVs LDTs

Tier 0 D %D D %D D % D
Bag 1 +0.09 +14 +0.57 +9.5 -0.85 -10.2
Bag 2 -0.29 -4.4 -0.21 -4.3 -0.45 -4.5
Bag 3 -2.58* -27.4 -2.31 -32.6 -3.12 -22.1
Tier 1

Bag 1 -0.50 ** -25.9 -0.66 -24.4 -0.18 -50.7
Bag 2 -0.73* -22.6 -0.61 -15.9 -0.98 -46.8
Bag 3 -0.55* -21.2 -0.71** -20.7 -0.24 -25.0

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level
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CO Emissions - REPO5 Results

The REPOS is a very aggressive driving schedule designed to capture the emissions
resulting from speeds up to 80 mph and acceleration rates nearly three times that of the
FTP. CO reductions were observed in al cases with the oxygenated fuel. Thistest cycle,
like the Unified Cycle was conducted as a hot running start. Again as might be expected
the average base fuel CO emissions increased for the REPO5 because of the aggressive
nature of the test. Table 11 provides average LDV plus LDT base fuel and oxygenated fuel
CO emission rates for bags 2 and 3 of the FTP and Unified Cycle plus the REPOS for the
Tier 0 and 1 sets. Also provided are the changes in absolute CO emissions and the
resulting percent differences. Even with the higher emissions rates, the absolute
differences achieved with the oxygenated fuel remain fairly constant when compared to
phase 3 of the FTP and Unified Cycle.

Table 11
Absolute and percent change comparison between the averaged CO emissions of phase 2
and 3 of the FTP and Unified Cycle and the REPO5

Tier O Tier 1
FTP NonOxy | Oxy D D% NonOxy | Oxy D D%
Bag 2 3.68 341 | -0.27 -7.3 0.96 0.72 |-0.24 | -24.8

Bag 3 6.69 448 | -2.21 -33.1 1.90 1.32 | -0.60 | -30.4

U.C.

Bag 2 6.58 6.29 | -0.29 -4.4 3.24 251 |-0.73| -22.6

Bag 3 9.42 6.84 | -2.58 -27.4 2.59 204 |-055| -21.2

REPO5

12.97 1091 | -2.06 -15.9 6.51 6.14 |-0.37] -56

The benefit of the oxygenated fuel was evidenced again when examining the changein CO
emissions for the eight vehicles with the highest base fuel CO emissions. Six out of the
eight vehicles accounted for 70.6 % of the CO reduction realized by all the test vehicles for
REPOS. The two vehicles that had a CO increase also showed a CO increase on one or
more phases of the Unified Cycle. Figure 7 shows that both the Tier 0 and 1 setsaswell as
their respective LDV and LDT subsets had CO reductions when using the oxygenated fuel.
Tier 0 had the highest CO emission rates and the greatest CO
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Figure 7. The effect of oxygenated fuel on the REPO5 CO emissions for
Tier O and Tier 1 vehicles.

reduction with the oxygenated fuel. Once more, the Tier O LDT CO reduction is mainly
due to test vehicle OF098T 12 which again showed a-9.5 g/mi CO decrease with the
oxygenated fuel. The only statistically significant changesin CO for this test cycle were at
the 90% confidence level for the Tier O trucks and the Tier O set. It isalso interesting to
note that the average Tier 0 emission rates from the REPO5 are fairly close to the average
cold start FTP composite CO emission rates. Tier 1, asawhole and its subsets showed
higher emission rates on the REPOS than any of the other test cycles. Even on this
aggressive cycle these vehicles showed little variability in CO emissions and minima CO
sengitivity to the ethanol blend.

Table 12
Absolute and Percent Change in REPO5 Cycle CO Emissionsfor Tier Oand Tier 1

SET LDVs LDTs
Tier 0 D % D D % D D % D
REPO5 | -2.06** -15.9 -0.87 -9.0 -4.44 -22.7
Tier 1
REPO5| 037 | 56 | 038 | 55 | -03 | -61

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

5. Oxygenated Fuel Effect on HC Emissions

HC Emissions - FTP Overall Results

FTP HC emissions aso showed an overall reduction with the 10% ethanol blend. Figure 8
represents the changes in HC emissions for the main group of 24 vehicles. The main group
is comprised of both Tier 0 and Tier 1 vehicles. The test results show reductionsin HC
emissions (g/mi) of -0.09 for the main group of twenty four vehicles, -0.08 for the sixteen
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LDVsand -0.11 for the eight LDTs. The percent change associated with these HC
reductions are -15.7%, -15.2% and -16.4% respectively and are statistically significant at
the 95% confidence level for the main group and the LDV's.

Examination of the main group’ s emission rates reveas that the vehicles with the highest
emission rates achieved the greatest reductions with the oxygenated fuel (see Figure 9).
The vehicles with the eight highest base fuel (non-oxygenated) FTP HC emission rates (all
Tier O except for one) accounted for 73% of the total HC reduction with the oxygenated
fuel. Againvehicle#12, aTier Otruck, contributed almost one half of the reduction from
the eight higher HC emitters but the other seven still would account for 58% of the
emissions from all of the vehicles except #12. Aswith FTP CO emissions, vehicleswith
the lower emissions rates showed less benefit from the oxygenated fuel.
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Figure 8. The effect of a 10% ethanol blended fuel on FTP HC composite emissions for
Tier 0 and Tier 1 vehicles that make up the main group.
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Figure 9. FTP base fuel HC emission rates and the associated absolute change in
HC due to the oxygenated fuel.
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HC Emissions - FTP Results by Certification Tier

The unburned hydrocarbon (HC) emissions data from the FTP aso show an overall
reduction due to the use of the oxygenated fuel. Asshown in Figure 10 below, a
reduction in FTP HC composite emissions was achieved for both the Tier O and Tier 1
vehicles. The larger absolute emission reduction was shown by the Tier O vehicles, and the
change was statistically significant at the 95% confidence level. The largest HC reductions
wererealized in the Tier O cold start (bag 1) for the LDVs. The largest reduction for the
LDTswas shown in bag 3 for the Tier 0. Bag 3 reflects a hot restart which occurs after a
10 minute period with the engine shut off. The Tier 0 vehicles exhibited alittle less
emissions variability for HC than for CO which accounted for the statistical significance.
Only one LDV and one LDT showed an increase in FTP HC emissions. The frequency of
the HC increases was much less and was not focused on bag 1 but was more evenly
distributed throughout all three FTP phases. Like Tier O, the largest reductions werein
bag 1. Unlike Tier 0, emissionsincreased during bag 2 for al the Tier 1sand bag 3
increased for the LDTs. Those increases were small and only one Tier 1 vehicle, an LDT,
showed an increase in HC for the composite FTP. Aswas the case for CO, test vehicle
OF098T12 had the highest base fuel FTP HC emissions of either Tier (1.8 g/mile) and
showed substantial HC reductions of -0.97 and -1.94 g/mile for bags 1 and 3 on the
oxygenated fuel.
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Figure 10. Oxygenated fuel effectson FTP HC emissions for Tier O and Tier 1.

Table 13 provides an overall summary of the changesin Tier O and Tier 1 HC emissions.
The table shows the absolute changes (D) which are the difference between the non-
oxygenated values and the oxygenated fuel values and the percent changes (%D) associated
with this difference as well as which changes were statistically significant. Note that none
of the differences associated with the LDTs were statistically significant. Note also that for
the LDTsbag 2, the percentage change seems large (+72.3%) but the absolute increase
was small (+0.009 g/mi) and the base fuel HC emissions rate (0.012 g/mi) was less than
one half the base rate of Tier 1 LDVs.
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Table 13
Absolute and Percent Change in FTP HC Emissionsfor Tier O and Tier 1

SET LDVs LDTs

Tier 0 D %D D %D D %D

FTP -0.14 * -17.3 -0.11* -15.9 -0.20 -194
Bag 1 -0.38 * -13.8 -0.43* -16.2 -0.30 -9.7
Bag 2 -0.02 -10.9 -0.03 ** -16.9 -0.002 -0.9
Bag 3 -0.19 -36.7 -0.04 -13.0 -0.48 -51.3
Tier 1

FTP -0.04 * -11.6 -0.05 * -13.8 -0.02 -7.0
Bag 1 -0.19* -13.2 -0.20 * -15.0 -0.15 -10.0
Bag 2 +0.005 +22.2 +0.004 +11.8 +0.009 +72.3
Bag 3 -0.009 -9.0 -0.02 * -15.7 +0.01 +13.9

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

HC Emissions - Unified Cycle Results

The unburned hydrocarbon (HC) emissions data from each phase of the Unified Cycle
show an overall reduction due to the use of the oxygenated fuel. Figure 11 shows that
reductions in HC emissions were seen for both the Tier 0 and Tier 1 vehicles. The vehicles
with the highest HC emissions showed the most benefit from the oxygenated fuel. The
eight vehicles, out of the group of 24, with the highest HC emissions for phases 1, 2 and
3 accounted for 97%, 89% and 89% of the total HC reductions achieved. Not all of the
vehicles with the highest emissions showed a reduction for each phase. Phases 1 and 2 had
two and one vehicles respectively that showed an increase in HC emissions with the
oxygenated fuel. The average phase 3 base fuel emission rate for the eight highest emitters
was 1.7 and 3 times greater than the averages for phases 1 and 2. Phase 3 realized the
largest g/mi HC reduction and the eight highest vehicles in Phase 3 all showed HC
reductions with the oxygenated fuel.

Figure 11 shows the changes in the average HC emission rates for both the Tier O and Tier
1LDVs. TheTier 0 LDVsshowed avery small HC reduction for the hot running start
phase 1. Thisset of vehicles showed a+0.57 g/mi CO emissions increase for phase 1.
Statistically significant changes at the 90% confidence interval were shown for the Tier 1
LDVsfor phases 2 and 3.
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Figure 11. The effect of oxygenated fuel on the HC emissions of Tier O and Tier 1 LDVs
for each phase of the Unified Cycle.
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Figure 12 shows the changes in the average HC emission rates for the Tier Oand 1 LDTs.
The Tier 1 LDTs have much lower emission rates than the Tier 0 LDTs and show asmaller
emissions benefit from the oxygenated fuel. None of the HC reductions for the LDTs were
statistically significant at the 90% confidence level.
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Figure 12. The effect of oxygenated fuel on the HC emissions of Tier O and Tier 1 LDTs
for each phase of the Unified Cycle.

Figure 13 presents the averaged HC emissions comparison for the total Tier O and Tier 1
sets. The lower average emissions of the Tier 1 set are aresult of the very low LDT
emission rates. The Tier 0 and Tier 1 sets showed essentially the same reduction in HC
emissions for phase 2. However the only the changes that were statistically significant
were those for Tier 1. The Tier 1 changes were statistically significant at the 95% level for
phase 2 and the 90% level for phase 3.
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Figure 13. The effect of oxygenated fuel on the HC emissions of Tier O and Tier 1 setsfor
each phase of the Unified Cycle.

Table 14 provides an overal summary of both Tier 0 and Tier 1 HC emissions for the
Unified Cycle.

Table 14
Absolute and Percent Change in Unified Cycle HC Emissionsfor Tier 0 and Tier 1
SET LDVs LDTs

Tier 0 D %D D %D D %D
Bag 1 -0.018 -4.9 -0.0005 -0.1 -0.053 -13.2
Bag 2 -0.015 -7.2 -0.017 -9.6 -0.013 -4.4
Bag 3 -0.154 * -24.1 -0.175 -30.8 -0.112 -14.4
Tier 1

Bag 1 -0.007 -7.1 -0.007 -5.7 -0.007 -14.1
Bag 2 -0.016 * -17.9 -0.018 ** -17.4 -0.011 -19.7
Bag 3 -0.054 ** -26.6 -0.077** -30.4 -0.008 -7.3

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

HC Emissions - REPO5 Results

The unburned hydrocarbon (HC) emissions data from the REPOS5 Cycle show an overall
reduction due to the use of the oxygenated fuel. Reductions in HC emissions as indicated
in Figure 14, were shown for both the Tier 0 and Tier 1 vehicles with the only exception
beingthe Tier 1 LDTs. The Tier 1 LDTs showed no change in HC emissions with the
oxygenated fuel.

Ordering the test vehicles by HC emission rates and totaling the indicated reductions shows
these vehicles with the highest emissions get the maximum benefit with the oxygenated
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fuel. The eight highest emitters accounted for 81% of the total hydrocarbon emissions
reduction. Six out of these eight vehicles are Tier 0 and test vehicle OF098T12 again
showed the largest change.

As mentioned in the Unified Cycle discussion, not all vehicles show an emissions reduction
with the oxygenated fuel. Certain vehiclesin both Tier 0 and Tier 1 show a consistent
sensitivity to the oxygenated fuel which is shown by an increase in emissions. Other
vehicles such as OF098T12 show large HC and CO reductions. Overadl, asshownin
Figure 14, the genera trend is an emissions decrease.
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Figure 14. The effect of oxygenated fuel on the HC emissions of Tier O and Tier 1 sets
when operated on the REPOS Cycle.

Table 15 provides an overall summary of both Tier 0 and Tier 1 HC emissions for the
REPOS Cycle.

Table 15
Absolute and Percent Change in the REPO5 Cycle HC Emissions for Tier O and Tier 1
SET LDVs LDTs
Tier 0 D %D D %D D %D
REPO5 | -0.062 ** -22.3 -0.027 -14.2 -0.131 -29.2
Tier 1
REPO5| -0008 | -68 | -0012** | -95 | -00002 | +0.18

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level
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6. Oxygenated Fuel Effect on NOx Emissions

NOx Emissions - FTP Overal Results

Past studies have shown that the use of an oxygenated fuel typically resultsin an increase in
NOx emissions. Such an increase was again borne out in this study where FTP NOx
emissions demonstrated an overall increase with the oxygenated fuel. Figure 15 shows the
effect of the oxygenated fuel on the main group aswell ason the LDV and LDT segments.
For the main group, fifteen out of the twenty four vehicles showed an increase in NOx
emissions. The increases ranged from +0.007 to +0.44 but only averaged +0.094 g/mi.
The average overal change for vehiclesin this group was a +0.041 g/mi increase (+5.6%).
The difference in NOx emissions for the LDV swas +0.046 g/mi, (+7.1%) and is
statistically significant at the 95% confidence level. The LDT segment showed a +0.03
gram per mile (+3.4%) increase which was not statistically significant.
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Figure 15. The effect of a 10% ethanol blended fuel on FTP NOx composite emissions for
Tier 0 and Tier 1 vehicles that make up the main group.

NOx Emissions - FTP Results by Certification Tier

Overdl, both Tier 0 and Tier 1 vehicles showed an increase in NOx emissions when
operated on the oxygenated fuel. The exception was the Tier 0 LDTs which showed a
small decrease in the FTP composite NOx value. The Tier 0 vehicles had no significant
changes and appeared to be less sensitive to the oxygenated fuel than Tier 1 vehicles. Tier
0 vehicles showed an overall NOx decrease for the cold start portion of the test of the FTP.
The Tier 0 NOx emission rates for the LDTs decreased for both the cold start and the
second bag of the FTP. The decreasein NOx for bag 1 was the result of test vehicle
OF098T12. Three out the four LDTs showed an increase in NOx but this vehicle showed a
large decrease in NOx for the cold start. For Tier 1, NOx increases were realized for al
phases of the test. Figure 16 shows the oxygenated fuel effect on NOx emissions rates for
both Tiers. Asshown, the Tier 1 vehicles have both non-oxygenated and oxygenated NOx
emissions less than one half of those of Tier 0 and the magnitude of the NOx changes are

28



greater than the Tier O changes. The change in the emission rates for the Tier 1 set and the
LDVswere statistically significant at the 90% and 95% confidence levels respectively. The
lower base fuel emissions rates may be attributable to the lower NOx standard to which

these vehicles are certified as well as the lower accumulated miles of this set.
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Figure 16. Oxygenated fuel effectson FTP NOx emissions for Tier O and Tier 1.

The absolute changes in emission rates and the resulting percent change for FTP NOx
emissions are presented in Table 16.

Table 16
Absolute and Percent Change in FTP NOx Emissions for Tier O and Tier 1
SET LDVs LDTs
Tier 0 D %D D %D D %D
FTP +0.004 +0.4 +0.023 +2.4 -0.035 -2.7
Bag 1 -0.081 -5.1 -0.057 -4.5 -0.129 -5.8
Bag 2 +0.013 +1.7 +0.031 +4.2 -0.023 -2.7
Bag3 | +0.050 ** +4.2 +0.066 ** +6.2 +0.017 +1.2
Tier 1
FTP +0.078 ** +19.8 +0.069 * +19.3 +0.094 +20.6
Bagl | +0.131** +14.8 +0.122 * +16.0 +0.149 +13.1
Bag2 | +0.067 ** +36.0 +0.051 * +30.5 +0.099 +44.1
Bag 3 +0.057 +13.9 +0.064 * +15.1 +0.042 +11.2

D = Absolute in grams per mile

* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level
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NOx Emissions - Unified Cycle Results

The same trend of increasing NOx emissions shown for the FTP with the oxygenated fuel is
also evident with the Unified Cycle. Figures 17, 18 and 19 show the differences between
the averaged NOx emissions for the two fuels for the LDVs, LDTsand the entire Tier O
and Tier 1 sets. Inall casesfor the LDVsand the sets, anincreasein NOx emissionsis
shown. Exceptions to the increase are seen in Figure 18 for the Tier 0 LDTs. These
vehicles show a slight decrease in NOx emissions across al three phases. The decreaseis
driven by Test vehicle OF098T 12 which showed alarge decrease in NOx emissions for al
three phases.
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Figure 17. Oxygenated fuel effects on The Unified Cycle NOx emissions for
Tier Oand Tier 1 LDVs.
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Figure 18. Oxygenated fuel effects on the Unified Cycle NOx emissions for
TierOand Tier 1 LDTs.
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Figure 19. Oxygenated fuel effects on the Unified Cycle NOx emissions for
Tier Oand Tier 1 total sets.

The NOx differencesfor Tier 0 LDTs are shown in Table 17. If the NOx test results from
test vehicle OF098T12 are removed the deltas (D) become; +0.025, +0.05 and + 0.06
o/mi for the three phases. This again emphasizes the influence that one vehicle which
exhibits large emission changes when the fuel is changed can have on asmall sample.

Table 17
Absolute and Percent Change in the Unified Cycle NOx Emissions for
Tier Oand Tier 1 setsand LDV/LDT subsets

SET LDVs LDTs

Tier 0 D %D D %D D %D

Bag 1 +0.035 +2.2 +0.085 +6.2 -0.064 -3.2

Bag 2 +0.040 +3.3 +0.069 +6.6 -0.019 -1.3

Bag 3 +0.024 +1.4 +0.072 +4.7 -0.072 -3.4

Tier 1

Bag 1 +0.068 +13.2 +0.079 +13.4 +0.048 +12.6
Bag2 | +0.074 ** +16.6 +0.093 ** +18.4 +0.036 +11.0
Bag 3 +0.126 +19.3 +0.126 +20.9 +0.127 +16.8

D = Absolute in grams per mile
** Statistically Significant at the 90% Confidence Level

NOx Emissions - REPO5 Results

The data show an increase in REPO5 NOx emissions for all categories when using the
oxygenated fuel. The increases ranged from +0.003 to +0.08 g/mi as shown in Table 18.
The REPOS is avery aggressive driving cycle. The rapid accelerations require wide open
throttle which results in maximum fuel enrichment. The periods of maximum enrichment
are probably responsible for the relatively small increasesin NOx observed. The Tier O

31



LDTs showed a +0.003 g/mi (+3 mg/mi) NOx increase. Test vehicle OF098T12 showed a
decrease in NOx whereas the other three vehicles showed an increase. |If the results from
the one vehicle are removed, the overal increaseis +0.06 g/mi. The changes were
statistically significant at the 95% confidence level for the Tier O LDVs and at the 90%
level for both the Tier 0 and 1 sets as well as and the Tier 1 LDVs as shown in Figure 20.
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Figure 20. Oxygenated fuel effects on the REPO5 Cycle NOx emissions for
Tier Oand Tier 1 total sets.
Table 18
Absolute and Percent Change in the REPO5 Cycle NOx Emissions for
Tier O and Tier 1 setsand the LDV/LDT subsets
SET LDVs LDTs
Tier 0 D %D D %D D %D
REPOS5 | +0.067 ** +6.2 +0.099 * +10.3 +0.003 +0.3
Tier 1
REPO5 | +0.080** | +180 | +0.072** | +143 | +0.095 | +29.2

D = Absolute in grams per mile
* Statistically Significant at the 90% Confidence Level
** Statistically Significant at the 90% Confidence Level

7. Oxygenated Fuel Effect on PM Emissions

PM Emissions - FTP Overall Results

The average FTP emission rate of particulate matter (PM) showed an overall reduction
with the oxygenated fuel as shown in Figure 21. The data show PM emission reductionsin
milligrams per mile (mg/mi) of -3.3 for the main group, -2.23 for the total LDVsand -5.5
for the LDTs. These absolute reductions reflect -36.0%, -30.1% and -42.8% reductions
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respectively. The reductions for the main group and LDV's are statistically significant at
the 95% confidence level with the LDTs being significant at the 90% confidence level.

In Figure 22 it can be seen that if the PM emission rates for all vehicles are sorted from
highest to lowest and the changes are examined, the eight highest emitters account for

71% of the total PM reduction achieved with the use of the oxygenated fuel. Seven out of
the eight vehicles with the highest PM emissions were Tier 0. Test vehicle OF098T12 once
again showed not only the highest PM emissions rate on the base fuel (36.2 mg/mi) but also
the largest reduction (-24.6 mg/mi) which amounted to amost one half of the PM
reductions from the eight higher PM emitting vehicles. Also, aswas the case for CO and
HC, the other seven vehicles would account for 56 percent of the PM reductions from all
vehicles except #12. As previoudy shown for both CO and HC, the vehicles with the
lowest emission rates showed less benefit from the oxygenated fuel.
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Figure 21. The effect of a 10% ethanol blended fuel on FTP PM composite emissions for
the Tier 0 and Tier 1 vehicles and the main group.
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Figure 22. FTP base fuel PM emission rates and the associated change due to
the oxygenated fudl.
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PM Emissions - FTP Results by Certification Tier

As shown in Figure 23 below, PM emissions showed a decrease for all categories of Tier O
and Tier 1. The larger absolute PM reductions were achieved from the Tier 0 LDVsand
LDTs. Asmentioned above, the high average PM emissions rate and the large reduction
shown for the LDTsis mainly due to test vehicle OF098T12. For both Tiers and for both
LDVsand LDTsthe largest PM emission reductions occurred during the cold start or bag
1. TheTier 0LDVsand LDTs showed average PM reductions during the cold start of
-18.2 and -27.8 mg/mi. The Tier 1 vehicles with their lower emission rates still showed PM
reductions of -5.5 and -9.0 mg/mi for phase 1. During bags 2 and 3 of the FTP both of
which occur with a stabilized fully warmed up engine, little or no PM reduction benefit
was derived from the oxygenated fuel.
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Figure 23. The effect of oxygenated fuel on FTP PM emissions for Tier O and Tier 1.

Table 19 provides an overall summary of both Tier 0 and Tier 1 PM emissions. Note that
the absolute differences and percent changes for the Tier O LDTs are being driven by test
vehicle OF098T12.



Table 19
Absolute and Percent Changein FTP PM Emissionsfor Tier O and Tier 1

SET LDVs LDTs

Tier 0 D %D D %D D %D

FTP -5.24 * -39.7 -3.32* -32.2 -9.08 -47.9
Bag 1 -21.36* -42.6 -18.16 * -42.4 -21.77 -42.8
Bag 2 -0.14 -6.6 +0.52 +32.6 -1.48* -45.0
Bag 3 -2.68 -43.6 +0.56 +23.8 -9.16 -66.8
Tier 1

FTP -1.38 * -26.6 -1.14+* -25.3 -1.87 -284
Bag 1 -6.63 * -30.6 -5.47* -29.9 -8.95 -315
Bag 2 +0.07 +11.1 -0.01 -1.7 +0.23 +45.6
Bag 3 -0.16 -11.3 -0.002 -0.2 -0.47 -28.7

D = Absolute in milligrams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

PM Emissions - Unified Cycle Results

The data show that the differences in PM emissions resulting from the use of oxygenated
fuel to be both relatively small and variable. The Unified Cycle was conducted from a hot
running start rather than a cold start. PM emissions from afully warmed up vehicle are
usualy very low. In addition, thefirst and third phases of this cycle are 300 secondsin
length which limits the sampling time. These factors led to the use of asingle filter to
collect PM emissions from all three phases of the Unified Cycle. PM emission rates,
overall were quite low asindicated in Figure 24. The average base fuel PM emission rates
for Tier 0 and 1 sets were 4.9 and 2.0 mg/mi. The differences observed with the use of the
oxygenated fuel are shown in Table 20. None of the changes, either for the sets or the
vehicle subsets comprising them were statistically significant at the 90% confidence
interval.
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Figure 24. Oxygenated fuel effects on the Unified Cycle emissionsfor Tier O and Tier 1
total sets and their subsets.
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Table 20
Absolute and Percent Change in the Unified Cycle PM Emissions for
Tier O and Tier 1 setsand the LDV/LDT subsets

SET LDVs LDTs
Tier 0 D % D D % D D % D
U.C. +0.36 +7.2 +1.25 +32.0 -1.43 -20.6
Tier 1
U.C. 026 | -130 | -051 | 296 | +024 | 495

D = Absolute in milligrams per mile

PM Emissions - REPO5 Results

PM samples for the REPO5 were also collected on asingle filter. The REPOS5 represents
driving conditions that are considerably more aggressive than the FTP or Unified Cycle.
Figure 25 shows the averaged emissions for both fuels and the categories that make up
each Tier. The overal reductions shown for Tier O were once again driven by the LDTs.
Two out of the four LDTs showed large PM reductions when using the oxygenated fuel.
The oppositeis seen for Tier 1 with the increased PM emissions caused by the LDTs with
all four showing an increase in PM emissions with the oxygenated fuel. Comparing the
REPOS to the Unified Cycle results shows the effects of the more aggressive driving
required in the REPO5. The averaged emissions from all Tier O and 1 categories from the
REPOS range from 3.5 to 4.8 times greater than those of the Unified Cycle.
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Figure 25. Oxygenated fuel effects on the REPO5 Cycle PM emissions for
Tier O and Tier 1 total sets and their subsets.
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Table 21
Absolute and Percent Change in the REPO5 Cycle PM Emissions for
Tier O and Tier 1 setsand the LDV/LDT subsets

SET LDVs LDTs
Tier 0 D % D D % D D % D
REPO5 | -1.90 -10.4 +0.35 +2.4 -6.42 -25.4
Tier 1
REPO5| +005 | +05 | -123 | -164 | +259 | +226

D = Absolute in milligrams per mile

8. Oxygenated Fuel Effect on Fuel Economy

Fudl Economy - Overdl Results

Fuel economy overall showed a decrease with the oxygenated fuel. Thisisto be expected
because of the lower heating value or energy content of the 10% ethanol blend. The
dilution of a base hydrocarbon fuel with 10% ethanol resultsin a reduction of the energy
content of approximately 3%. Calculations based on the test fuels used in this program
showed an estimated average reduction of -3.4% in the btu/gallon for the ethanol blend.

The overall fuel economy trend showed a reduction ranging from -0.8% to -2.4% which is
equivalent to aloss of -0.12 to -0.6 miles per gallon for the FTP and the REPO5
respectively. The actual change in fuel economy varied among the test cycles. For the
composite FTP the change ranged from -1.2 % (-0.26 mpg) for the Tier 1 vehiclesto
-1.7% (-0.37 mpg) for Tier 0. Individual vehicle results showed fuel economy changes
ranging from an increase of +1 mpg to a decrease of -1.8 mpg for Tier O vehiclesand a
positive 0.29 to a negative 0.67 mpg for Tier 1. Of the twelve Tier O vehicles, ten showed
adecrease in fuel economy. One LDV and one LDT showed increases of +0.37 and +0.24
mpg each. The overal increasein FTP fuel economy was driven by phase 1, the cold start,
and phase 3, the hot restart after the 10 minute soak, where additional fuel enrichment
was evident. One Tier 1 LDV showed an overall increase of +0.2 mpg. FTP composite
fuel economy changes were statistically significant for both Tiers, both as a set and for the
LDVs at the 95% confidence level. The change for the Tier 1 LDTswas also statistically
significant at the 95% confidence level.

REPOS fuel economy changes ranged from a-1.3% (-0.32 mpg) for the Tier O set to -2.4
% (-0.6 mpg) for the Tier 1 set. Three Tier O vehicles showed a fuel economy
improvement on the ethanol blend ranging from +0.16 to +0.65 mpg. All Tier 1 vehicles
showed a decrease in fuel economy with individual vehicle values ranging from -0.09 to
-0.94 mpg. Statistically significant changes at the 95% confidence level were shown for
Tier 0 LDVsand at the 90% confidence level for the set. For Tier 1 the changes were
statistically significant at the 95% confidence level for the set aswell as for the LDVsand
LDTs.
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Unified Cycle fuel economy differences with the oxygenated fuel followed similar trends as
shown above with one exception. The exception was for the third phase of the cycle and
applied only to the Tier 1 set. For thistest cycle segment, afuel economy decrease of
-0.87 mpg or -4.9% was indicated. The phase 2 fuel economy changes were statistically
significant at the 95% confidence level for the Tier 0 set and LDVsand for the LDTs at the
90% level. For Tier 1 the changes were statistically significant at the 95% confidence level
for the set for all three phases, for phases2 and 3 for the LDV's and for phases 1 and 2 for
the LDTs. All other fuel economy changes were statistically significant at the 90%
confidence level.

9. Oxygenated Fuel Effect on High Emitters

High Emitting VVehicles

Only one high emitting Tier 1 vehicle could be procured for this study so that vehicle will
be included with the five Tier O high emitters for the following discussion of results. In
addition, vehicle OF098H14, aTier 0 LDV, was not tested on the REPOS5 test due to
concerns about the reliability of its engine on the most demanding test cycle.

High Emitter FTP CO Emissions

In Figure 26 it can be seen that three of the vehicles had moderately high CO emission
levels, two vehicles had very high CO levels and the sixth vehicle fell somewherein
between. Infact, vehicle numbers OF098H8, OF098H14, and OF098H17 were only
marginal failures when identified by the I/M 240. Vehicle number OF098H31 was a
definite failure and OF098H32 was a gross emitter. Thelast vehicle, number OF198H36
was anormal Tier 1 mini-van which was deliberately atered for this study to cause high
emissions. Not only were the CO emission levels for the two highest emitting vehicles 7 to
10 times higher than the average of the three marginal failures (35.5 g/mi), their emission
reductions were also about 7 times greater than the average reductions for the marginal
(-7.53 g/mi). Table 22 presents the absolute reductions as well as the relative percent
reductions for each vehicle. It isinteresting to note that although the highest emitters had
the largest absolute reductions, their average percent reductions (-17.61 %) were not very
different from the average for the other four vehicles (-15.02 %). Overal the six high
emitters experienced a-23.3 g/mi and a-16.9% reduction in CO on oxygenated fuel.
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Figure 26. Absolute CO emissions for the base and oxygenated fuels for
each of the high emitters.

If the FTP CO emissions are examined on a phase by phase basis the same pattern tends to
hold. For the two high emitting vehicles, bag 1, 2 and 3 baseline emissonswere dl 5to
10 times higher than the corresponding bags for the other four vehicles. The sameistrue
for the emission reductions except that bag 3 for the high emittersis only 3 times as great
asthe four lower emitters. If the +16.6 g/mi increase for vehicle 31 in bag 1 is overlooked,
the pattern holds too for relative reductionsin al three bags - the four lower emitters
average percent reductions were nearly the same as the two high emitters. They all were
within the range of -13% to -25% reductions. For the entire group of six vehicles the
average CO reduction of -14.1% for bag 3 was statistically significant at the 95%
confidence level. At the 90% level significant reductions were seen for both the FTP
composite and bag 2. Only bag 1 was not significant, possibly due to the +16.6 g/mi
increase by vehicle #31.

High Emitter Unified and REPO5 CO Emissions

The same patterns of emission levels and reductions that were observed in the FTP were
also found generally in the Unified and REPO5 tests for CO. The same three vehicles had
much higher emissions on both fuels and one of them, vehicle # 32, had much larger
reductions aswell. Unlike the FTP however, one of the other highest emitters, vehicle #
31, had only average reductions on both tests. Thethird, vehicle# 36, adso had an
average reduction on the REPOS5 but a very small increase in CO on oxygenated fuel on the
Unified test. Percentage reductions were somewhat more varied than they were for the
FTP but they still seemed to be more consistent than the absolute reductions and, with the
exception of the one +1.4% increase, were in the range of -5% to -40%. Phases 2 and 3
of the Unified test as well as the REPOS5 test showed significant reductionsin CO at the
95% confidence level.

High Emitter FTP HC Emissions

HC, like CO, was very high for vehicles 32 and 36 and about one third as high for the
remaining four vehicles both on non-oxygenated fuel as well as oxygenated (see Figure 27.
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Likewise, Table 22 shows that the absolute HC reductions for the two high emitters were
about 7 times as great as the four other vehicles.
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Figure 27. Absolute HC emissions for the base and oxygenated fuels for
each of the high emitter vehicles.

Table 22 shows that for the high emitting set, HC emissions were reduced by -0.66 g/mi or
-19.6%. At this point the comparison with CO breaks down. Vehicles 8 and 14 had bag 1
HC emissions comparable to the high emitters but relatively small decreases. Their percent
decreases were so small that they also lowered the composite percent reductions for
vehicles 8 and 14. Asaresult the average decreases for the composite emissions for the
four lower emitters were only about one half as great as the two high emitters and the
average bag 1 percent decreases were only one tenth of the high emitter’s. Only the bag 3
average reduction of -20.5% for all 6 vehicles was statistically significant at the 95% level.
At the 90% level the composite HC reductions were statistically significant. The bag 1
standard deviation is quite large and precludes significant differences for that phase.

When the high emitting vehicles were grouped according to vehicle type the two highest
emitters along with vehicle #8 fell into the group of three minivans. The LDVsincluded
two of the three lower emitters plus vehicle #31 which was relatively low to moderate.
Accordingly, emissions and reductions were similar to the divisions between high and low
emitters mentioned above. The average LDT emissions were about 3 times higher and the
average reductions were 4 to 5 times greater than the LDVs. Again the bag 1 increasein
both HC and CO for vehicle #31 substantially affected the LDV averages but if not for that,
all of the percent changes would have been very comparable between LDVsand LDTs.
Table 22 contains the absolute and relative changes for each phase of the FTP aswell as
the composite. It also shows those values for the LDV and LDT subsets (statistical
significance was not calculated for high emitting LDVsand LDTS).
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Table 22
Absolute and Percent Change in FTP Emissions for High Emitting Vehicles

SET LDVs LDTs

CO D %D D %D D %D
FTP -23.3 ** -16.9 -9.4 -14.3 -37.3 -17.7
Bag 1 -22.4 -12.9 -1.0 -1.1 -43.8 -17.0
Bag 2 -30.0 ** -19.5 -135 -21.9 -46.6 -18.9
Bag 3 -11.4* -14.1 -8.0 -14.9 -14.8 -13.7
HC

FTP -1.66 ** -19.6 -0.44 -11.0 -2.87 -22.4
Bag 1 -2.28 -15.1 -0.19 -2.3 -4.37 -20.0
Bag 2 -1.81 -22.9 -0.49 -17.6 -3.12 -24.0
Bag 3 -0.91* -20.5 -0.55 -17.8 -1.27 -21.9

D = Absolute in grams per mile
* Statistically Significant at the 95% Confidence Level
** Statistically Significant at the 90% Confidence Level

High Emitter Unified and REPO5 HC Emissions

The emissions patterns that were observed in the FTP did not follow through in the Unified
and REPOS tests for HC like they did for CO. Neither the absolute levels nor the
reductions from the three highest emitters were much greater than the lower emitters. Like
the FTP however, there were no emission increases other than bag 1 of the Unified test for
vehicle # 31 which aso occurred during the FTP. Also, the percent reductions were again
fairly consistent ranging from -10% to just over -30%. Phase 3 of the Unified test and the
REPOS5 both showed significant reductionsin HC at the 95% confidence level.

High Emitter FTP, Unified and REPO5 NOx Emissions

Absolute NOx emission levels for the high emitting vehicles were not so clearly
dichotomous as were the CO and HC emissions. Vehicle #32 which had been among the
three highest CO and HC emitters was the lowest of al six high emitting vehicles for NOx
on al three tests. Changesin emission levels were even less like the changes for other
pollutants. On the FTP only one vehicle, number 17, had areduction in NOx with
oxygenated fuel. That reduction was about -13%. The other five increased from +10% to
+35%. On the Unified test two of the lower CO/HC emitters increased amost +60% but
three other vehicles decreased -3%, -5% and -35%. On the REPOS test, of the two
vehicles with large increases on the Unified, one showed a+105% increase, the other,
number 14, was not tested because of engine reliability concerns as mentioned above. The
same three vehicles which showed reductions on the Unified had reductions of -0.5%,
-27% and -11% respectively. The only statistically significant change in NOx for the high
emitters was a +32% increase in phase 1 of the FTP and that was at the 90% confidence
level.
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High Emitter FTP, Unified and REPO5 PM Emissions

Particulate emissions for the six high emitting vehicles very closely resembled the HC
emissions for those vehicles. The three higher emitters were much higher absolutely,
especially during the FTP and both the absolute and the percentage reductions more closely
matched the corresponding HC numbers than any others. None of the reductionsin
particulates for the high emitting vehicles was statistically significant.

High Emitter FTP, Unified and REPO5 Fuel Economy

Fuel economy levels for the six high emitting vehicles did not show any clear relationship to
emission levels except that the two highest emitting LDTs had the lowest fuel economy
readings. Therelative levels from vehicle to vehicle did remain consistent from test to test
however. The changesin fuel economy were small and depended upon the test. For the
four lowest emitters on CO and HC, out of eleven tests (FTP, Unified and REPOS5 for 3
vehicles, FTP and Unified for #14), there were four decreasesin fuel economy on the FTP
and three on the Unified but there were four increases - three on the REPO5 and one on
the Unified. These changes ranged from just under a +2% increase to just over a-2%
decrease. The two highest CO/HC emitters however had +9.7% and +7.6% increases on
the FTP but one of them had +4.5% and +6.2% increases on the Unified and REPO5 while
the other had -5.1% and -3.2% decreases on these two tests with oxygenated fuel. There
were no dtatigtically significant differencesin fuel economy for any of the tests or phases
for the high emitting vehicles.

10. Low Emissions Vehicle

Tables 23 and 24 reved that the effects of oxygenated fuel on the LEV (Low Emissions
Vehicle) were inconclusive. Among the reasons for this are the facts that, for the most
part, the baseline emissions were very low to begin with, the changes were small and only
one vehicle was tested greatly reducing the database. The effects which were observed
were as follows. For CO the effects were mixed. There was a+24% increasein FTP CO
emissions but there were -40% decreases in Unified and REPOS5 levels. The magnitude of
the FTP CO increase was partly due to the baseline emissions level being the lowest of all
30 vehiclestested. The Unified and REPOS reductions may well have been due to the fact
that those driving cyclesincluded alot of wide open throttle operation. Changesin HC
emissions were small, -7%,-1% and -14% decreases on the FTP, Unified and REPOS tests
respectively and these changes were based on the lowest or next to lowest baseline
emission levels of al vehiclestested. NOx emission changes were also based on the lowest
or next to lowest baseline levels and ranged from a +11% increase on the FTP to a +90%
increase on the Unified.

PM emission changes, like CO, were mixed but the directions were opposite from CO.

On the most demanding cycle, the REPO5S, there was a +42% increase in PM while on the
less aggressive FTP and Unified cycles there were -18% and -29% decreases. The REPO5
tests especialy may have been affected by preceding tests. It is possible that heavy

particul ate emissions from high emitting vehicles may have become “hung up” in the
sampling system and then been dislodged by the large temperature and volume excursions
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associated with the REPOS. This appeared to occur for the first test sequence on
oxygenated fuel so those results were excluded from the Unified and REPOS data sets.
There may have been similar effects however on the second series of tests on non-
oxygenated fuel and, to alesser extent, the second series on oxygenated fuel but it was
not apparent in the emissions readings. Fuel economy effects were very similar to the other
vehiclestested. There was a-2% decrease for the FTP but as the tests included more wide
open throttle operation the decrease became less, -1%, on the Unified test and became a
small increase, +0.2%, on the REPOS5.

Table 23
CO, HC and NOx baseline emissions and percent changes for the LEV
LEV CO (g/mi) HC (g/mi) NOx (g/mi)
NonOxy % D | NonOxy % D NonOxy % D
FTPc 0.75 23.8 0.129 -6.9 0.122 11.3
FTP1 242 15.4 0.532 -8.2 0.526 -1.9
FTP2 0.31 23.3 0.022 -1.1 0.002 371.4
FTP3 0.33 73.0 0.025 6.4 0.043 934
Unified 1 0.80 -11.7 0.026 -2.6 0.042 11.1
Unified 2 2.38 -42.3 0.036 -4.6 0.040 95.0
Unified 3 0.61 32.8 0.017 52.0 0.047 99.3
REPO5 6.44 -39.8 0.039 -13.7 0.024 37.0
Table 24
Particulate and Fuel Economy baseline emissions and percent changes for the LEV
LEV PM (mg/mi) MPG
NonOxy % D | NonOxy %D

FTPc 5.98 -18.0 24.3 -2.35

FTP1 13.99 8.8 211 -2.75

FTP2 1.51 31.8 24.6 -2.82

FTP3 8.39 -68.7 26.9 -0.96

Unified 1 1.04 -28.7 18.8 -3.27

Unified 2 254 -0.88

Unified 3 18.9 -1.35

REPO5 2.80 41.7 26.5 0.21
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11. Conclusions

This study was designed to expand the database of information regarding the effects of
oxygenated fuel on exhaust emissions, especialy with regard to low temperature tests and
newer technology vehicles as well asto simply add more tests to the available data. Data
from this study should also provide additional information on tests conducted at high
altitude, on a48’ diameter dynamometer, on high emitting vehicles identified by an I/M
240 program, on aLow Emitting Vehicle, on tests using alternative driving cycles and on
particul ate emissions.

Thirty-one vehicles were tested in an effort to obtain as large and as statistically meaningful
adatabase as possible. However, when the test results were analyzed to see if the
responses from different subsets of vehicles varied, the sample sizes decreased to 12, 8
and even 4 vehicles. Thistogether with ahigh degree of vehicle to vehicle variability made
finding statistically significant changes within these subsets difficult. Asaresult some
subsets were recombined in order to have alarge enough sample that statistically significant
results could be observed. One other important aspect of statistical significance and sample
size should be reiterated at this point. In many cases the confidence limits were so close to
the dividing line between significance and lack of significance that small changes such as
including or excluding one value or one similar group of vehicles could determine whether
or not a change was statistically significant. For this reason two levels of significance, a =
0.05 (95% confidence) and a = 0.10 (90% confidence), were calculated. If the difference
between non-oxygenated and oxygenated emissions is significant at the 95% confidence
level then oxygenated fuel can be considered to have had area effect upon that group of
vehicles. Likewise, if the differenceis not significant at the 90% confidence level, then
oxygenated fuel can be considered to have had little effect or an inconsistent effect upon
the group. Effects which are significant only at the 90% confidence level should not be
considered to be conclusive. In this summary significant will mean statistically significant
at the 95% confidence level and not significant will mean not statistically significant at the
90% confidence level.

As the various subsets of vehicles were examined it was discovered that emissions changes
attributable to oxygenated fuel were in many cases proportional to baseline emission levels.
Basdline levels in turn seemed to be related to certification level which also implies vehicle
age and mileage. In some cases baseline levels seemed to be related as well to vehicle type,
i.e. LDV or LDT. Emissions changes were also dependent upon the nature of the driving
cycle used in the different tests. Driving cycles which included higher acceleration rates
and higher speeds often had different results than the traditional FTP with the UDDS
driving cycle.

There was considerable variation in emissions and fuel economy results between
certification Tiers, between LDVsand LDTs and among tests and their phases. Because
of this and the fact that this group of vehicles only represents the current status of the
Denver areafleet, blanket statements about the observed effects of oxygenated fuel or
predictions of its effects on other fleets should not be made solely on the basis of this study.
Keeping that caveat in mind, based upon this particular combined set of 24 Tier O and Tier
1 LDVsand LDTs and using the composite value of the FTP, the 10% oxygenated fuel at
an ambient temperature of 35° F reduced CO emissions by about -11%, reduced HC and
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PM emissions by about -16% and -36% respectively, had no significant effect upon NOx
and decreased fuel economy by about -1.4%. An accurate assessment of the effects of
oxygenated fuel cannot be made however without considering the variations in effects
among vehicle groups and test conditions.

The primary focus of this study was on carbon monoxide or CO emissions. The largest
group of comparable vehicles consisted of twenty-four Tier 0 and Tier 1 LDVsand LDTs
without the designated high emitters or the LEV. On the traditional FTP test this group
showed an overal reduction in CO of approximately -11% which was statistically
significant at the 95% confidence level. Asthis group was subdivided, certain subsets also
showed statistically significant effects from the use of oxygenated fuel. The sixteen LDV's
had a-11% reduction and the eight Tier 1 LDVs had a-16% reduction. For the FTP, the
effects of oxygenated fuel on CO emissions were not significant for Tier O vehicles either as
awholeor asLDVsor LDTs. Therewas also no significant effect on LDTs either asa
combined group or within each Tier. On the Unified test the only significant changes were
for phase 3 LDVs and phase 3LDVsplusLDTsin Tier 0 and the combined Tiers plus
phases 2 and 3 of the combined Tier 1 set. There were no significant changesfor LDTs
nor for phases 1 and 2 with the exception of the Tier 1 set in phase 2 and possibly in phase
1. The REPOS test only resulted in significant CO reductions for all twenty-four vehicles
combined. There were no significant changesindicated for Tier 1 nor for LDVsin either
Tier or in the combination of Tiers.

The only statistically significant changein FTP CO emissions for the six high emitting
vehicles was a-14.1% reduction during phase 3. On the Unified cycle, phases 2 and 3 had
CO reductions of -9.5% and -26.5% respectively. There was also a statistically significant
CO reduction of -15.1% on the REPO5S test. Since only one LEV wastested, no
statistical significance could be calculated for that vehicle.
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Table 25
Effects of Oxygenated Fuel on CO Emissions

FTP Unified REPOS5
# | Comp | Ph1 [ Ph2 [ Ph3 [ Ph1 [ Ph2 | Ph3

Tier O

LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD ?
LDV 8 NoSD NoSD ? NoSD NoSD NoSD -32.6 NoSD

All 12 NoSD NoSD NoSD NoSD NoSD NoSD 27.4 ?
Tier 1

LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV 8 -15.8 ? NoSD | .31,3 | NosD NoSD ? NoSD

All 12 ? NoSD NoSD | .30.4 ? -22.6 | -21.2 NoSD
Both

LDT 8 NoSD NoSD NoSD NoSD NoSD NoSD NoSD ?
LDV | 16 | -10.8 ? -14.8 | -18.3 | NosP NoSD | 28,7 NoSD

All 24 | -111 ? -10.9 | NosD NoSD NoSD | -26.0 -12.5
HIEms| 6 ? NoSD ? -14.1 | NosD -95 | -26.5 -15.1

### = Statistically significant change at the 95% confidence level expressed in terms of percent
? = Changewhichisonly statistically significant at the 90% confidence level
noso = Change which is not statistically significant at the 90% confidence level

Hydrocarbon (HC) and particulate (PM) emissions were also of interest and the groups of
vehicles whose HC and PM emissions were significantly affected by oxygenated fuel were
very similar. In the composite and cold start (phase 1) FTP emissions there were
significant HC reductions of -12% to -17% and significant PM reductions of -25% to -43%
for the LDVsand LDV's combined with LDTs for each Tier separately aswell asin
combination. Also, in phase 3 of the FTP, LDV's had HC reductions of -16% and -14%
for Tier 1 and the combination of Tiers. in both Tiersfor LDTs there were no significant
changesin either pollutant on any test with one definite exception and two possible
exceptions. In phase 2 of the FTP, Tier 0 LDTs had a-45% reduction in PM and the eight
LDTs combined had questionable (significant only at 90%) reductions in HC in phase 1 of
the FTP and questionable reductionsin PM in phase 1 and the composite of the FTP. In
phases 2 and 3 of the FTP for both HC and PM, except for the three cases mentioned
above, there were no other significant changes. In the Unified and REPOS tests there
were no significant effects on PM emissions nor on either HC or PM for any groups of
LDTs. There were aso no significant effects on phase 1 Unified HC emissions nor on
phase 2 Unified HC for Tier O vehicles. The only significant Unified or REPOS5 reductions
were for HC. There was a significant REPO5 HC reduction for the sixteen LDVs
combined. Therest of the reductions were in the Unified test and they occurred during
phase 3 for the Tier 0 set, during phase 2 for the Tier 1 set and during phases 2 and 3 for
the 16 combined LDV's and the 24 vehicle group.

Aswasthe case for CO, the only statistically significant change in FTP HC emissions for
the six high emitting vehicles was a -20.5% reduction during phase 3. On the Unified cycle
only phase 2 had a statistically significant HC reduction of -14.0%. Therewasalso a
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statistically significant HC reduction of -19.2% on the REPOS5 test. There were no
statistically significant changesin PM emissions on any test cycles for the high emitting
vehicles. Again, sinceonly one LEV was tested no statistical significance could be

calculated for that vehicle.

Table 26
Effects of Oxygenated Fuel on HC Emissions

FTP Unified REPO5
# | Comp | Ph1 [ Ph2 [ Ph3 [ Ph1 [ Ph2 | Ph3

Tier O

LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV 8 -159 | -16.2 ? NoSD NoSD ? NoSD

All 12 | -17.3 | -13.8 | NoD NoSD NoSD NoSD | 241 ?
Tier 1

LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV 8 -13.8 | -15.0 | NoSD | 157 | NosD ? ? ?

All 12 | -11.6 | -13.2 | NosD NoSD NoSD | -17.9 ? NoSD
Both

LDT 8 NoSD ? NoSD NoSD NoSD NoSD NoSD NoSD
LDV | 16 | -15.2 | -15.8 | NSO | -13.8 | NoSD | 124 | -30.7 -12.3

All 24 | -15.7 | -13.6 | NosP NoSD NoSD | -10.3 | -24.7 ?
HIEms| 6 ? NoSD NoSD | 20,5 | NoSD | 14,0 | NoSD -19.2

### = Statistically significant change at the 95% confidence level expressed in terms of percent
= Change which is only statistically significant at the 90% confidence level

?

NoSD

= Change which is not statistically significant at the 90% confidence level
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Table 27
Effects of Oxygenated Fuel on PM Emissions

FTP Unified | REPO5
# | Comp | Ph1 | Ph2 | Ph3

Tier O

LDT 4 NoSD NoSD -45.0 NoSD NoSD NoSD
LDV 8 _32_1 424 NoSD NoSD NoSD NoSD
All 12 | -39.7 | -42.6 | Nosb NoSD NoSD NoSD
Tier 1

LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD

LDV 8 _25_3 _29_9 NoSD NoSD NoSD NoSD
Al | 12 | -266 | -26.6 | NoSP | NoD | NosD [ NosD
Both
LDT 8 ? ? NoSD NoSD NoSD NoSD
LDV | 16 | -30.1 | -38.7 | NSO | NoSD | NosD NoSD

All_ | 24 | -36.0 | -39.0 | NosD | NosD | NosD NoSD
Hi Ems 6 NoSD NoSD NoSD NoSD NoSD ?

### = Statistically significant change at the 95% confidence level expressed in terms of percent
? = Changewhichisonly statistically significant at the 90% confidence level
noso = Change which is not statistically significant at the 90% confidence level

NOx emissions on the FTP were significantly increased only for Tier 1 LDVsonall 3
phases plus the composite and for combined LDV s during phase 3 and the composite and
finally, phase 3 for all twenty-four vehicles. These NOx changes ranged from +15% to
+31% (+19% composite) for the Tier 1 LDVs by themselves. Again there were no
significant changes for LDTs and, except for borderline phase 3 Tier 0 LDV's (with or
without the LDTs), no significant Tier 0 NOx changes. On the Unified test only the
sixteen combined LDV'sin phases 2 and 3 and the full 24 vehicle group in phase 2 had
significant increases. On the REPOS test only the Tier 0 LDV s with or without the Tier O
LDTsand with or without Tier 1 vehicles had significant increases. There were no
significant changes for LDTs on either test and no significant changes for any group or set
during phase 1 and none for Tier O during any phase of the Unified test. NOx emissions
from the high emitting vehicles were not significantly affected on any test cycle.
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Table 28
Effects of Oxygenated Fuel on NOx Emissions

FTP Unified REPOS5
# | Comp | Ph1 [ Ph2 [ Ph3 [ Ph1 [ Ph2 | Ph3
Tier O
LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV 8 NoSD NoSD NoSD ? NoSD NoSD NoSD +10_3
A” 12 NoSD NoSD NoSD ? NoSD NoSD NoSD +6.2
Tier 1
LDT 4 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV | 8 | +19.2 | +16.0 | +30.5 | +151 | NSO | o | NoD ?
Al 12| 2 ? ? | NoSD | NosD [ 9 ? ?
Both
LDT 8 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD
LDV | 16 | +7.1 | NosD ? +8.7 | NSO | +104 | +9.2 | +11.7
All 24 NoSD NoSD ? +6.6 | Nosb +6.9 ? +9.7
Hi Ems 6 NoSD ? NoSD NoSD NoSD NoSD NoSD NoSD

### = Statistically significant change at the 95% confidence level expressed in terms of percent
? = Changewhichisonly statistically significant at the 90% confidence level

noso = Change which is not statistically significant at the 90% confidence level

Fuel economy was affected |ess on a percentage basis than any measured pollutant but the
changes were more consistent so there were considerably more statistically significant
changes. On all phases of the FTP al Tier 1 groups except Tier 1 LDTsin phase 3 and all
combined Tiers except phase 3 LDTs were significantly affected. For Tier O LDVsthe
composite as well as phases 2 and 3 were affected and for Tier 0 LDTs only phase 2 was

affected. For al Tier Os, the composite and phase 2 were significantly affected and phase
3 was marginally affected. All of the significant changes were decreases in fuel economy

and they ranged from -0.9% to -2.4%. On the Unified and REPOS5 tests all Tier 1 groups
were significantly affected except the LDVsin phase 1 and the LDTsin phase 3 of the
Unified which were questionable. All of the combined Tier groups except the eight LDTs

in phases 1 and 3 of the Unified and in the REPO5 were adso significantly affected. On the
Unified test, likethe FTP, no Tier O groups were significantly affected in phase 1 but there

were also no significant Tier O effectsin phase 3. Also, the Tier 0 LDTsin the REPO5
were not significantly affected. The only significant Tier O effects were on the LDVsin
phase 2 of the Unified and on the REPOS5 along with the LDVsand LDTs combined in
phase 2 of the Unified test. Fuel economy for the high emitting vehicles was not
significantly affected on any test cycle.
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Table 29
Effects of Oxygenated Fuel on Fuel Economy

FTP Unified REPOS5
# | Comp | Ph1 [ Ph2 [ Ph3 [ Ph1 [ Ph2 | Ph3

Tier O

LDT 4 NoSD NoSD -1.3 NoSD NoSD ? NoSD NoSD
LDV 8 -2.0 NoSD -2.1 -2.4 NoSD -2.5 NoSD -1.9
All 12 -1.7 NoSD -1.9 ? NoSD -2.1 NoSD ?
Tier 1

LDT 4 -1.8 -1.7 -1.7 -2.1 -2.3 -2.5 ? -2.3
LDV 8 -1.0 -0.9 -1.2 NoSD ? -1.7 -5.1 -24
All 12 -1.2 -1.1 -1.4 -1.0 -1.5 -1.9 -4.9 -2.4
Both

LDT 8 -1.3 -1.4 -1.5 NoSD NoSD -1.7 NoSD NoSD
LDV | 16 -1.5 ? -1.7 -1.5 -1.3 -2.1 -2.5 -2.2
All 24 -1.4 -1.1 -1.6 -1.3 -1.2 -2.0 -2.2 -1.9
HiEms 6 NoSD NoSD NoSD NoSD NoSD NoSD NoSD NoSD

### = Statistically significant change at the 95% confidence level expressed in terms of percent
= Change which is only statistically significant at the 90% confidence level

?

NoSD

= Change which is not statistically significant at the 90% confidence level
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Fuels

We recognize that the observed effects are not strictly due to the addition of an ethanol
oxygenate. Rather, the study was designed to compare emissions from afuel sold in
Denver during the mandatory oxygenated fuel period to afuel typical of the fuels which
would most likely be sold during the same period in Denver if there were not a mandatory
program in effect. Because these two fuels would not be created from the same
blendstocks, other factors such as distillation curves could aso affect emission levels,
especialy during cold starts.

Analyses

There are other factors and methods of analysis which, if time and resources had
permitted, we would like to have explored further. Among these are more detailed
analyses of the possible correlations between emissions and vehicle mileage and/or testing
sequences. We recognized that there was a difference in oxygenated fuel effects between
Tier 0O and Tier 1 vehicles and that the Tier O vehicles were generaly older and had higher
odometer readings but we were not able to analyze the data to determine if accumulated
mileage had an independent effect upon emissions. It is also possible that relationships
might exist between testing sequence (i.e. cold FTP, hot Unified then hot REPO5) and/or
elevation in fuel tank temperature and/or emissions levels. 1t would also have been
interesting to compare results from additional methods of data analysis such as assuming
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log normal rather than normal distributions of emission levels, using medians to represent
central tendencies, and utilizing other statistical tools such as “Analysis of Variance” to
look more critically for effects due to factors or inter-relationships among factors such as
base fuel emissions level for HC, PM or other components as well as for CO.
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Explanation of Calculations used for the Adjustment of Fuel Economy

Fuel economy is not measured directly. Instead it is calculated indirectly from measured
HC, CO and CO2 emissions. There are several methods and formulas available for this
calculation but for the most part they reduce to the following ratio: the number of grams of
carbon per gallon of fue divided by the total mass of carbon in the exhaust in units of
grams per mile. The procedures for determining the exhaust emission rates are well
established and relatively independent of the type of fuel. However, because carbon
content is inherently dependent upon fuel composition, thereis not asimple, well
established method for determining the exact number of grams of carbon per gallon of a
specific fud.

In studies where the same fuel is used to compare vehicles to each other or to themselves
under differing conditions, changes in fuel economy are not substantially affected by small
inaccuracies in establishing the number of grams of carbon per gallon of fuel. In studies
such as this where fuels and their effects are compared however, precise calculation of fuel
economy becomes important. Thisis especialy true when the effects are small but they
apply to asignificant portion of the vehicle population.

For any fuel, strictly theoretical calculations of gmC/gal (grams carbon per gallon) based
upon chemical composition are desirable but quite impractical because of the difficulty in
determining the exact proportion and composition of not only the various different
hydro-carbon compounds in the fuel blend but also the proportions and compositions of the
additives and impurities. For this reason empirical methods have been developed for
determining carbon content. These empirical methods typically rely on deriving the "net
heating value' of afuel from laboratory measurements of it's volatility and "Aromatic
fraction" and then, using tables established by the ASTM, relating that value to a gmc/gal
number. For typical non-oxygenated gasolines a nominal value of 2421 gmC/gal has been
established. While this value may not be exactly correct for every non-oxygenated
gasoline, it has been close enough to be used by the EPA and the industry for in-use vehicle
testing purposes. For oxygenated fuels however, because the compounds used to add
oxygen can vary in both their composition and their concentration, thereis not asingle
corresponding nominal value for grams carbon per gallon of oxygenated fuel.

Obvioudly, if one method were known absolutely to be more accurate than the others and if
that method could be applied practically to both oxygenated and non-oxygenated fuels, that
method should be used. In the absence of that capability and not having sufficient reasons
to favor one method over another, we have chosen to derive a composite value. We
decided to combine the nominal value, the theoretical value for a pure fuel and the
empirically based value for each fud into a single vaue with equal weighting given to each
method. In other words we have decided to use, for each fuel, the numerical averages of
the three values which are equivalent to grams carbon per gallon.

For non-oxygenated fuel a purely theoretical value for gmC/gal is 2426.8. The typica
value used by EPA which is probably representative of many empirical measurementsis
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2421. From analyses of the specific fuel used in this study and based upon net heating
value calculations, the gmC/gal equivalent number is 2421.5. The average of these three
valuesis 2423.0 gmC/gal. For the oxygenated fuel used in this study; the theoretical value,
the value based upon published nominal values, and the empirically derived gmC/gd
equivalent from net heating value are 2364.4, 2340, and 2314.6 respectively. The average
of the three oxygenated valuesis 2339.6.

Testing was already underway using previously accepted values for both non-oxygenated
and oxygenated gmC/gal when the discrepancy between those values and the values above
were discovered. For reasons of consistency and clarity we decided to continue to use the
old values and make an after test correction to all fuel economy results. The correction
factors were simply the ratios of the composite gmC/gal values above to the values already
in place. Those correction factors are 1.006 for non-oxygenated fuel and 1.021 for
oxygenated fuel.
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Dear Vehicle Owner:

The Colorado Department of Public Health and Environment is conducting a study to
determine the effectiveness of oxygenated fuels when used by newer vehicles. Y our vehicle
has been randomly selected for possible participation in this research program.

The study is being conducted to test the reaction of the more sophisticated and durable
emission control systems on newer vehicles when fueled with oxygenated gasolines.
Ultimately, we want to assess the level of continuing effectiveness of oxygenated fuels,
which have been mandated for use during winter months along Colorado’ s Front Range
since 1988.

Past studies have shown the use of oxygenated fuels resulted in significant reductions of
carbon monoxide emissions. However, it is important that we determine whether the same
results are being obtained from newly manufactured vehicles.

We are attempting to locate several of these newer vehicles, which are owned and driven
along the Front Range, for testing as part of our study. We ask that you return the enclosed
post card letting us know if you will allow you vehicle to be tested at the State Health
Department’s Vehicle Emissions Technical Center, 15608 E. 18" Ave, in Aurora. Vehicles
will be selected from those belonging to respondents willing to participate in this study.

If your vehicleis chosen, my staff will contact you to schedule the test at your convenience.
The following isalist of incentives offered for participation.

1. Y ou will receive $25.00 for each work day your vehicle is being tested, up
to a maximum of $375. If you prefer, we will provide you with alate
model loaner vehicle. If you elect to take the loaner vehicle, you will be
reimbursed $5 per work day for the use of your vehicle, up to a maximum
of $75. Payment will be by check and sent to your address.

Please note that the use of aloaner car is dependent on your insurance
company extending its coverage to the use of thisvehicle. The insurance
provided by the loaner car company serves as secondary coverage.

2. Y our vehicle will receive an oil and ail filter change prior to being tested.
Oxygenated Fuels Study
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3. Y our vehicle will be returned to you with afull tank of fuel.

No unusual operationswill be performed on your vehicle. Thetesting will smulate city
and highway conditions and will be conducted inside the laboratory. We will need your
vehicle up to two full weeks because multiple tests must be conducted from a cold start
condition.

Less than 450 miles will be added to your car’s odometer during the test. Should your
vehicle be damaged while in our possession, it will repaired at no cost to you.

A list of the questions most commonly asked about this type of testing program is
enclosed. If you have additional questions or would like further information, please check
the appropriate box and/or call 364-5334. If you are interested, we also will be happy to
show you our laboratory and how the testing is conducted.

We ask that you complete and return the enclosed postcard at your earliest convenience
because your response is critical to the statistical accuracy of this study. Also, the prompt
return of your response will eliminate the need for follow-up reminders.

Thank you for your cooperation. Y our willingness to participate is important to the
accuracy of our study. We are looking forward to your reply.

Sincerely,
Gerald Gallagher, Ph.D
Program Manager

M obile Sources Section
Air Pollution Control Division
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COLORADO DEPARTMENT of PUBLIC HEALTH & ENVIRONMENT
AIRPOLLUTION CONTROL DIVISION
M obile Sources Section

IN-USE EMISSION TESTING PROGRAMS
Questions and Answers

1. MUST | PARTICIPATE IN THIS PROGRAM?

No. Your cooperation in this program is completely voluntary. However, in order to
maintain the statistical validity for the program it is necessary that we receive an answer
from you. Please take a moment and mark the postcard indicating whether or not you
would like to participate. 1f you do not return the postcard, you may be contacted againin
the next few weeks.

2. WHY SHOULD | PARTICIPATE?

In addition to the gasoline and a check, your participation will benefit you indirectly by
helping the Colorado Department of Public Health & Environment (CDPHE) understand
and improve the quality of the air in and around your city.

3. WHAT DETERMINES WHETHER OR NOT MY VEHICLE WILL BE
ULTIMATELY SELECTED?

Y our vehicle has been initidly identified by a statistically random  sampling procedure. In
order to obtain a cross section of the population of vehicles on the road, certain other
criteria such as make, model, model year, and odometer reading must be met. We are
examining alimited number of vehicles that meet these particular specifications. The fina
decision on whether your vehicle is selected will be based on these criteria

4. WILL MY VEHICLE BE MISTREATED IN ANY WAY?

No, every aspect of our evaluation has been designed to duplicate typical everyday
operation.

5. EXACTLY WHAT WILL BEDONE TO MY VEHICLE?

Once the vehicle is parked in the laboratory long enough to cool to room temperature, it
will be pushed onto a dynamometer. Although the vehicle does not actually move during
the examination, the dynamometer is atype of treadmill which smulates conditions which
would normally be encountered on the road. A hose is connected to the exhaust pipe to
collect the exhaust. A specially trained technician then starts the vehicle and drives it
through a cycle which represents typical operation in urban, suburban, and rural aress.
Throughout this time, a portion of the exhaust gases are collected for subsequent
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IN-USE EMISSION TESTING PROGRAMS

Questions and Answers

anaysis. Thisanaysis alows usto calculate the quantity of exhaust emissions emitted by
your vehicle. Vauesfor fuel economy are aso calculated.*

*  The above test will be repeated four or more times.
6. HOW LONG WILL THE EXAMINATION TAKE?

The actual test sequence takes about four hours. The vehicle must be completely cooled to
room temperature (35 F) before each test sequence can begin. This requires that the vehicle
not be started for 12 to 36 hours to simulate overnight parking. Your vehicle will be
tested four to six times using this procedure. Thus, we will need it for approximately
fourteen days. Y ou will be contacted once the evaluation is complete so that arrangements
can be made to return your vehicle.

7. HOW MANY MILESWILL BE DRIVEN DURING THE PROGRAM?

Y our vehicle will probably accumulate less than 450 miles during the entire test program.
These miles will be accumulated indoors on the dynamometer.

8. WHAT HAPPENS TO THE INFORMATION OBTAINED FROM MY VEHICLE?

The information collected as a result of this program is used to assess the effectiveness of
current pollution control regulations and to determine if any improvementsin these
regulations are necessary. The data from individual vehicles are combined in order to
obtain astatistically valid sample and are not used by themselves. The fact that your
vehicle may or may not meet the emission standards will not affect your participation nor
will you be required to perform any maintenance on your vehicle.

9. HOW WILL MY VEHICLE BE PROTECTED WHILE IN THE COLORADO
DEPARTMENT OF

HEALTH'S POSSESSION?
Y our vehicle will be stored indoors while the examination is being conducted. If required

to be parked outside, your vehicle will be located in a secure area. Should any damage
occur to your vehicle while in our possession, it will be repaired at no cost to you.

WPDOCS\VEH_PROC\98_EVAL\ETPQ&A.WPD
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APPENDIX E

OXYGENATED FUELSTEST VEHICLE
PREPARATION AND TEST PROCEDURE

FLOW CHART
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CDPHE Oxvaenated Fuels

Vehicle Testina Procedure

No

Start Test
Sequence

1st test Yes
sequence?,

NS

\
| #1 LA-4 Preconditioning 35 F |

> Canister Purge
60 min/48 (cfh)

Drain Fuel

3 gal -new fuel

Idle - 1 minute

Drain fuel

40% fill - new fuel

LA-4 - Preconditioning @ 75 F

o

—»| #2 LA-4 Preconditioning 35 F |

l Cold Soak @ 35F |

v

FTP@35F

Y

2 minutes @ 50 mph

v

Hot, Running Start - 505

Y

2 minutes @ 50 mph

Y

Hot Running Start - Unified Cycle

!

2 minutes @ 50 mph

Y

Hot Running Start - REPO5

\
No Atrix Yes

Engine OFF - 5 minutes

Idle - 1 minute

Engine OFF - 1 minute

Idle - 1 minute

Engine OFF - 1 minute

Drain fuel

70% fill - new fuel (cold fuel)

NComplete?/7”

OXFPROCB
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APPENDIX F

TEST RESULTS for the
FEDERAL TEST PROCEDURE, UNIFIED CYCLE,

and the REPO5
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FTP TEST RESULTS for TIER 0 VEHICLES
1998 QXY FUEL EVAL @ 35 F

Veh & Year Make Model Cyl Disp Odom F-Del Type EC TransorpsTier FTP¥ FT-HC HC-Fhl HC-FhZ HC-Fh3
OF098V1 1993  TOYOTA CORROLA 4 1.8 20183 PI Oxy TWC AUTO  LDVO 8042 0.668 2.891 0.030 0.195
OF098V1 1993  TOYOTA COROLLA 4 1.8 20192 PI Oxy TWC  AUTO  LDVO 8047 0.605 2,657 0.040 0.122
OF098V1 1993  TOYOTA COROLLA 4 1.8 20301 PI VHonOxy TUWC AUTO LDVO 8052 0.619 2.620 O0.067 0.146
OF098V1 1993  TOYOTA COROLLA 4 1.8 20341 PI HonOxy TWC AUTO LDVO B064 0.676 2.88% O0.068 0.139
OF098V2 1990 HONDA ACCORD 4 2.2 92586 PI HonOmxy TWC  HS LDVO 3055 0.793 3.017 0.223 0.206
OF098V2 1990 HONDA ACCORD 4 2.2 92649 PI HonOmxy TWC M5 LDVO 3060 0.613 2.070 0.269 0.156
OF098V2 1990 HONDA ACCORD 4 2.2 92688 FI O=y TWC M5 LDVO 8071 0,595 1.986 0.236 0.219
OF098V2 1990 HONDA ACCORD 4 2.2 92886 PI Oxy TWC M5 LDVO 8085  0.541 1.852 0.186 0.223
OF098V3 1991 FORD ESCORT 4 1.8 109295 PI Oxy TWC M5 LDVO 8103 0.654 2.541 0.141 0.194
OF098V3 1991 FORD ESCORT 4 1.8 109351 PI Ouy TWC M5 LDVO 8113 0.713 2.709 0.182 0.212
OF098V3 1991 FORD ESCORT 4 1.8 109424 PI HonOxy TWC M5 LDVO 8128 0.920 3.74% 0.154 0.238
OF098V3 1991 FORD ESCORT 4 1.8 109460 PI HonOmxy TWC  HS LDVO 3139 0.956 3.510 0.267 0.332
OF098V4 1991 HONDA CIVIC 4 1.5 110927 TBI HNonOzy TWC M4 LDVO 3094 1.147 2579 0.679 0.956
OF098V4 1991 HONDA CIVIC 4 1.5 110984 TBI HonOxy TWC M4 LDVO 108 1.465 3.450 0.91e 1.014
OF098V4 1991 HONDA CIVIC 4 1.5 111030 TEBI Oxy TWC M4 LDVO 8117 1.262 3,151 0.715 0.874
OF098V4 1991 HONDA CIVIC 4 1.5 111118 TEBI Oxy TWC M4 LDVO 8124 1.066 2.419 0.625 0.887
OF098V7 1993 FORD TAURUS 6 3.8 79183 PI HonOxy TUWC AUTO LDVO 81%4 0.452 1.99s 0.019 0.102
OF098V7 1993 FORD TAURUS 6 3.8 79241 PI HonOxy TWC AUTO LDVO 8199 0.442 1.982 0.016 0.075
OF098Y7 1993 FORD TAURUS £ 3.8 79280 PI Oxy TWC AUTO  LDVO 3213 0.416 1.765 0.041 0.101
OF098V7 1993 FORD TAURUS £ 3.8 79343 PI Oxy TWC AUTO  LDVO 3218 0.409 1.758 0.030 0.102
OF098V20 1992 TOYOTA CAMEY 4 2.2 88llz FI O=y TWC AUTO  LDVO 473 0.35%9 1.600 0.022 0.0589
OF098V20 1992  TOYOTA CAMRY 4 2.2 B8lEz PI Oxy TWC AUTO  LDVO 8482 0.341 1.498 0.030 0.0585%
OF098V20 1992  TOYOTA CAMRY 4 2.2 88246 PI HonOxy TUWC AUTO LDVO 8499 0.330 1.450 0.0Z22 0.068
OF098V20 1992 TOYOTA CAMREY 4 2.2 88290 PI HonOxy TWC AUTO LDVO 8508 0.358 1.594 0.018 0.065
OF098V23 1994 CHEVY CAVALIER 6 3.1 46994 PI Oxy TWC AUTO  LDVO 8553 0.661 2.51% 0.075 0.358
OF098V23 1994 CHEVY CAVALIER 6 3.1 47104 PI Oxy TWC AUTO  LDVO 8567 0.720 2.960 0.039% 0.297
OF098V23 1994 CHEVY CAVALIER 6 3.1 47207 ©PI JHonOxy TWC AUTO LDVO 8577 0.887 3.441 0.086 0.489
OF098V23 1994 CHEVY CAVALIER & 3.1 47285 FI  |HonOxy TUWC AUTO LDVO 8591 0,958 3.828 0.071 0O.456
OF098V26 1993  SATURN SC2 4 1.9 34578 PI Oxy TWC AUTO  LDVO 8615 0.348 1.520 0.035 0.049
OF098V26 1993  SATURN SC2 4 1.9 34635 PI Oxy TWC  AUTO  LDVO 8620 0.348 1.507 0.0Z29 0.076
OF098V26 1993  SATURN S5C2 4 1.9 34710 PI HonOxy TWC AUTO LDVO 8632 0.487 2.126 0.033 0.109
OF098V26 1993  SATURN SC2 4 1.9 34771 PI HonOxy TWC AUTO LDVO 8641 0.438 1.870 0.046 0.093
Italicized & underlined data not used in calculating averages

TIER 0 LDTs

Veh # Year Malke Model Cyl Disp Odom F-Del Type EC Trans Tier FTP% FT-HC HC-Phl HC-Ph2 HC-Fh3
LEIFETIY 1957 ERIER FIFIORRE & 40 4107 AT g oA IRTE EAfd L SI1E R A R A e
OF098T11 1993 FORD EXPLORER 6 4.0 44181 PI Oxy TWC AUTO  LDTO 8291 0.504 2.112 0.035 0.180
OF098T11 1993 FORD EXPLORER 6 4.0 44219 FPI Oxy TWC AUTO  LDTO 3305 0.525 2.209 0.042 0.168
OF098T11 1993 FORD EXPLORER & 4.0 44293 FI HonOxy TUC AUTO LDTO %313 0.501 2.042 0.038 0.197
OF098T11 1993 FORD EXPLORER & 4.0 44340 FI HonOxy TUWC AUTO LDTO 8323 0.490 2.067 0.018 0.183
OF098T12 1991 CHEVY ELAZER 6 4.3 122759 TBI HNonOxy TUC AUTO LDTO 8296 1.690 4.01% 0.317 2.519
OF098T12 1991 CHEVY ELAZER 6 4.3 122816 TBI HNonOxy TUWC AUTO LDTO 8301 1.901 4.751 0.248 2.848
OF098T12 1991 CHEVY BLAZER 6 4.3 122887 TBI Oxy TWC AUTO  LDTO 8318 1.102 3.760 0.219 0.762
OF098T12 1991 CHEVY BLAZER 6 4.3 122941 TBI Oxy TWC AUTO  LDTO 8327 0.972 3.075 0.258 0.719
OF098T15 1993 JEEF CHEROKEE 6 4.0 36929 PI HonOxy TUC AUTO LDTO 8339 0.525 2.122 0.041 o0.211
OF098T15 1993 JEEF CHEROKEE & 4.0 36988 FI HNonOxy TUC AUTO LDTO 4348 0,502 2.10% 0.027 0.179
OF098T15 1993 JEEF CHEROKEE & 4.0 37061 FI O=y TWC  AUTO  LDTO 8360 0.496 2.041 0.042 0.174
OF098T15 1993 JEEFP CHEROKEE & 4.0 37122 PI Oxy TWC  AUTO  LDTO 8366 0.476 1.934 0.037 0.197
OF098T28 1992 CHEVY SUBURBAN 8 5.7 63119 TBI HNonOxy TUC AUTO LDTO ge70 1.244 3,700 0.542 0.702
OF098T28 1992 CHEVY SUBURBAN 8 5.7 63179 TBI HNonOxy TUWC AUTO LDTO 8675 1.289 3.956 0.541 0.684
OF098T28 1992 CHEVY SUBURBAN 8 5.7 63253 TBI Oxy TWC AUTO  LDTO 8681 1.329 3.987 O0.576 0.738
OF098T28 1992 CHEVY SUBURBAN 8 5.7 £3290 TEBI Oxy TWC AUTO  LDTO 8686 1.159 3.257 0.547 0.729

Italicized & underlined data not used in calculating averages
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FTP TEST RESULTS for TIER 0 VEHICLES

Yeh # FT-CO CO-Phl CO-Fh2 CO-Ph3 HOx-FTP NO-Phl HO-PhZ? HNO-Ph3 FT-C02 CQO2-Phl C0O2-Fh2 C0O2-Fh3
OF098vV1 7.769 33.156 0.174 2.928 0.199 0.393 0.083 0.273 339,46 369.06 335.93 323.77
OF098V1 £.285 28.862 0.2:28 0.688 0.z200 0. 356 0.073 0.320 334 .42 370.86 335 .68 304 .52
OF098V1 £.545 29.320 0.389 0.949 0.218 0.4686 0.074 0.301 327.09 366.14 325 .85 299 .95
OF098vV1 £.939 30.333 0.532 1.224 0.z202 0. 441 0.077 0.257 327.01 361.28 328.83 297 .65
OF098V2 20,941  7e.727 B .108 7.175 0.694 .97z 0.633 0.603 332.55 308. 86 353,86 310,20
OF098V2 17 964 B2.245 7.181 4,753 0.684 1.0486 0. 636 0.503 335.75 324 .33 356 .64 30527
OF098v2 15.731 53.674 £.519 4.410 0.7z28 1.106 0,608 0.670 331.98 321.99 351.12 303,46
OF098V2 15. 768 51.563 £.079 7.011 0.752 1.111 0,602 0.766 333.62 322.82 356.08 299 48
OF098V3 8.085 30.006 2.449 2.127 1.121 1.148 1.063 1.211 357.98 336.91 386.97 319 48
OF098V3 g.395 31.023  2.534 2.430 1.0€60 1.051 0,998 1.185 359.13 341.03 388.17 317 .93
OF098V3 10.399  39.495 2 .973 2.547 1.107 .97z 1.093 1.238 380.82 358.23 412 .99 336,73
OF098V3 11.439  38.077 4. .474 4 506 1.097 1.122 1.014 1.237 365.30 345 .91 392.00 329 44
OF098WV4 14.896 37.598 9.505 g8.019 2.507 2,317 2,280 3.087 231.63 238.76 234,27 221.19
OF098V4 16.491 40,028 11.33%7 B.57% 2.450 2.295 2,242 2.959 233.58 237.24 237.83 222.78
OF098WV4 17.223 43,443 11.246 B.789 2.357 1.969 2122 3.094 226.80 228.08 229.29 221.12
OF098WV4 15.915  45.470 8.273 g.213 2.404 2.081 2.176 3.080 227.02 228.74 230.14 219.78
OF098vV7 7.305 29.926  1.079 1.942 0.756 1.091 0.540 0.908 443.08 468.05 459 .90 392 .57
OF098V7 7.826 33.943 0.958 0.940 0.635 0.961 0. 437 0.759 447 .12 462 .99 466 . BB 398 .56
OF098V7 7.915 31.524 1.744 1.620 0.857 1.168 0. 645 1.017 447 53 461 .70 166 .79 400 .88
OF098vV7 g.584 37.326  0.709 1.661 0.757 0.994 0.577 0.917 445 .24 458 .41 466.17 395,99
OF098V20 3.0E6 12. 661 0.614 0.468 1.054 1.931 0.740 0.987 376.98 427 .23 382 .38 328.81
OF098V20 3.085 13.386 0.375 0.433 0.981 1.960 0650 0.868 353.31 394 .19 358.77 312 .16
OF098V20 2.414 9,885 0.401 0.582 1.020 2. 086 0.610 1.006 357,27 405.90 360.74 313.93
OF098V20 2.264 9.197 0. 362 0.622 1.002 2.193 0.588 0.884 363.59 403 .71 367 .55 325 .85
QOF098W23 17 .551 A5.754 4.228 6.207 1.287 1.652 0.918 1.703 383.06 396.17 401 .53 338.51
OF098W23 15,319 62.139  2.046 4.729 1.141 1.349 0.799 1.623 384 .84 398 .67 403.99 338.53
QOF098W23  18.202 6£8.129 3.977 7.284 1.096 1.551 n.721 1.458 382.59 395.27 401 .18 338.03
OF098W23  19.733 76.751 3.535 7.0895 0.956 1.256 0.569 1.455 387 .85 395 .48 408 .10 344 .03
OF098V26 £.958 29.008 1.1%58 1.171 0.245 0.513 0,096 0.320 309.59 338.24 320.73 266,97
OF098V26 7.599 32.945  0.743 1.433 0.216 0.493 0.060 0.301 308.25 330.10 3z21.02 267 .57
OF098V26 9.0z20 38.291  1.041 2.033 0.294 0.712 0126 0.299 315.54 335,67 330.33 272.25
OF098V26 8.556 35,661 1.236 1.874 0.275 0.724 0.073 0,319 317 .37 338.91 331.87 273.76
Italicized & underlined data not used in calculating averages

TIEE 0 LDT=

Veh # FT-C0O CO-FPhl CO-Ph2 CO-Ph3 HOx-FTP NO-Phl HO-PhZ HNO-Ph3 FT-C0Z2 C0O2-Phl (C02-Ph2 C0O2-Fh3
LFReeryy 10 74 Y- T B -3 - &R 1 4i8 8 404 FETE  _SAF & SEF EE EOL 14 dEE 4B
OF098T11 10.105 39.715 1.870 3.3E5 0.623 0.915 0.397 0.834 S0g.52 535 16 507 .33 483 .17
OF098T11 9.598 40,317 1.487 1.756 0.562 0.904 0. 318 0.765 493.77 526.73 495 81 465 .00
OF098T11  10.010  39.847 1,585 3.145 0.630 1.155 0. 315 0.820 E0g.24 £43.07 £09.02 473.09
OF098T11 10.665 41.935 1.920 3.452 0.653 1.076 0. 372 0.860 509.03 542.28 513.06 476 .54
OF098T12 2%.518 80.798 7.036 33.179 1.246 2.112 0.793 1.447 506.69 516.99 528.30 458 .13
OF098T12  31.421 87.409 6.140 36, 557 1.171 2.177 0.763 1.177 £31.56 £43.97 E63.64 462.03
OF098T12 20.029 66.243 5.041 13 401 1.281 2.477 0. 766 1.349 509.02 525.28 £32.73 451 .94
OF098T12 21.029 68.615 6.669 11.921 1.221 2.041 0. 753 1.477 508.79 521.27 530.99 457 .87
OF098T15 7.222 27.310  1.048 3.454 0.707 1.088 0. 459 0.880 £72.05 £79.25 95 36 £23.03
OF098T15 £.356 26.296 0.540 2.205 0.789 1.238 0.594 0.817 Se7.12 588.98 588.50 510.23
OF098T15 6.981 28.869 0.720 2.086 0.767 1.040 0.553 0.961 B62.23 579.58 585.05 506,39
OF098T15 £.195 26.481 0.396 1.717 0.761 1.165 0.523 0.902 £G4 .49 £E74.79 E77.30 496 .12
OF098T28 24.513 84.157 8.528 9.3E65 2.730 4. 631 1. 8k6 2.910 647 .28 B73.32 BE5B .48 606 .64
OF098T28 26.006 97.319 6.420 9.093 2.456 4. 267 1. 656 2.598 640.51 676.48 646 .41 602 .18
OF098T28  26.895 96.029 §.464 9,321 2.411 4.019 1.618 2.687 632.12 E69. 36 641 .47 86,39
OF098T28 24 560 85.473 8.103 9.593 2.476 4.148 1.703 2,669 629.00 B76.12 631 .69 588 .39

Italicized & underlined

data not used

in calculating averages
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FTF TEST RESULTS for TIER 0 WEHICLES

FH = mgsmi
Yeh # FT-FE FE-FPhl FE-Fh2 FE-Fh3 Avg T-Temy FT-FH PH-Fh1 FPH-Fh2 PH-Fh3
OF098vV1 25 .46 20.93 26.78 27.38 4.1 10.997 36.022 3.406 6.418
OF098V1 24.77 20.21 25,50 28.02 33.1 6. 354 27 . B61 0.ooo 2.274
OF098V1 26 .15 21.10 27 .17 29 .40 36.9 8. 813 32 645 2.973 1.826
OF098vV1 26.10 21.23 26.90 29.58 36.2 8.093 34.684 1.2594 0.696
OF098V2 24.12 20.22 24 .37 27 .55 36.5 14.291 60,794 1.486 3.638
OF098V2 24 25 20.70 24 .07 28.33 37.0 WD HD ND WD
OF098v2 23.91 20.79 23.68 27 .56 36.0 6. 895 9.594 7.042 4.582
OF098V2 23.81 20.594 23.41 27 .55 36.3 3.519 9.471 2,885 0.2z21
OF098V3 23.00 21 .88 21.91 26 .51 34 .4 5. 493 19 474 1.638 2.z200
OF098V3 22.89 21.54 21.83 26.59 344 6.B72 23.503 0.816 E.0E0
OF098V3 22.18 20.54 21.22 25.99 35.8 9.117 42 877 0.ooo 1.108
OF098V3 22.97 21.29 22.19 26 .29 35.9 8424 28348 4.335 1.120
OF098WV4 34.31 29.00 35,31 37.47 34.0 18.941 73.230 3.645 7.082
OF098V4 33.60 28.53 34,33 37 .06 37.0 16.875 68.749 2.271 E.573
OF098WV4 33.27 28.02 34 41 36.08 34.3 15.918 47 B34 5.346 12 057
OF098WV4 33 .58 27 .87 34 .99 3642 34 .4 11.993 40 870 3.639 6.156
OF098vV7 19 46 17.02 19 22 22.41 a7.8 6. 369 26,300 0.208 2.913
OF098V7 19 .26 16.98 18 .95 22.17 36.6 6. 326 23.900 1.6E0 1.776
OF098V7 18 .59 16 .60 18 25 21.23 36.5 3.503 13.052 1.042 0.890
OF098vV7 18 .64 16.41 18, 34 21.49 7.2 2.524 12.140 0.ooo 0.o00
OF098v20 22,39 18.97 2236 26.00 34.2 7. 4R8 35.132 0.384 0.o00
OF098W20  23.87 20.42 23 .85 27 .39 37.2 4. 988 24.087 0.o00 0.o00
OF098V20  24.51 20.83 24 55 28.17 7.1 g.424 34.992 1.936 0.g632
OF098W20 24.10 20.97 24 .11 27 .14 36.2 5 B83 27.148 0.0o00 0.208
OF098W23  20.78 16.90 20.99 24 54 36.3 10.538 31.006 5.043 5.419
OF098W23 20,85 16.97 21.05 24.72 35.7 £.124 21.156 1.379 0.o00
OF098W23 21 44 17.29 21.77 25 .29 36.0 11.575 52 . 286 0.390 1.892
OF098W23  21.04 16 .80 21 44 24 .89 36.3 10.222 40 . 692 1.958 2.734
OF098V26  26.66 22.07 26,57 31.88 344 5. 396 25.923 0.ooo 0.o00
OF098W26 26.B9 22.18 26 .60 31.75 36.3 4,893 17 .872 1.533 1.450
OF098W26  26.79 22.04 26.73 3z 18 33.2 9.890 44 .990 0.572 1.039
OF098V2e  26.72 22.14 26,58 32.04 36.4 g.142 32.940 1.535 1.863
Italicized & underlined data not used in calculating averages

TIEE 0 LDT=

Veh # FT-FE FE-Phl FE-Fh2 FE-Fh3 T-Temp FT-FH PH-Fh1 PH-Fh2Z PH-Fh3
LRSIy I J) IS FF 0 & FF I8 S L T B8 S5 4T 113 Far
OF098T11  16.36 14.19 16 80 17 .53 39 .4 11.867 46 598 0.0o00 8.180
OF098T11  16.80 14 .36 17 .20 18.31 36.2 7 559 32 .648 0.o00 2.926
OF098T11  16.95 14 .50 17,35 18.54 4.2 11.232 36.918 2.511 8.0%6
OF098T11  16.83 14 .44 17 .19 18.39 34.1 8.473 35.403 0.0o00 4.015
OF098T12 15.89 13.51 16 42 17.13 38.4 38.872 121 . 424 2.891 44 378
OF098T12  15.12 12.74 15 46 16.79 39.2 33.607 117.083 2.494 28.927
OF098T12 15.76 13.38 15 84 18 .04 35.3 14 .537 66 . 214 0.0o00 2.923
OF098T12 15.74 13.43 15 81 17.91 35.4 8. 652 38.861 0.o00 2.004
OF098T15  15.17 14.11 14 86 16.77 34.9 19.319 59.503 £.953 11.804
OF098T15 15 34 13.93 15 086 17 .26 36.6 16.289 54.783 4.248 9.807
OF098T15  14.92 13.58 14 62 16 .80 36.8 12.032 33.411 5.083 g.808
OF098T15  15.16 13.78 14 .83 17.17 4.8 10.394 31.463 3.303 7.755
OF098T28 12 .87 10.886 13.18 14 .23 36.4 12.722 45 400 4 657 3.123
OF098T28 12 .95 10.54 13 48 14 .35 35.3 12 647 53.290 3.078 0.o00
OF098T28  12.64 10.30 13,06 14.21 35.2 8. 264 30.586 2.487 2.267
OF098T28 12 .77 10.45 13 27 14 .15 35.5 6.505 18.844 4.032 1.853

Italicized & underlined data not used in calculating averages
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FTF TEST EESULTS for TIER 1 VEHICLES

TIEE 1 LDVs

Weh # Year Halke Hodel Cyl Disp Odom  F-Del Type EC Tran= Tier FTP# FT-HC HZ-Phl HC-FhZ? HC-Ph3i
OF198vE 1996 FORD TAURUS 6 3.0 38267 PI O=y TWC AUTO  LDV1 8156 0.268 1.075 0.015 D0.136
QF198ave 1996 FORD TAURUS & 3.0 38340 PI O=y TWC  AUTO LDVl 21eLt  0.232 0.932 0.01e 0.108
OF198VE 1996 FORD TAURUS & 3.0 38397 FI O=y TWC AUTO 1DVl 8170 0.233 0.892 0.012 0.153
OF198vVE 1996 FORD TAURUS 6 3.0 38440 PI HonOxy TWC AUTO L1DV1 8174 0.258 1.079 0.000 0.124
OF198veE 1996 FORD TAURUS 6 3.0 38480 PI HonOxy TWC AUTO 1DV1 8178 0.308 1.237 0.005 0.177
OF198ve 1996  SATURH Ls2 4 1.9 11978 PI  HonOzy TWC HE LOV1 2183 0.422 1.577 0.093 D0.167
QF198vVe 1996  SATURM Ls2 4 1.9 12020 PI  HonOzy TWC HE LDVL 2189 0.484 1.98¢ 0.046 0.184
OF198Ve 1996  SATURH 1s2 4 1.9 12090 PI  HonO=y TWC HE LDV1 8203 0.345 1.261 0.100 0.111
OF198Ve 1996  SATURHN 1s2 4 1.9 12179 FI O=y TWC HE LDV1 8209 0.278 1.004 O0.067 D0.126
OF19ave 199¢  SATURH 152 4 1.9 12239 PI O=y TWC HE LDV1 8222 0.340 1.243 0.078 0.154
WY ESEE 1FSE FONTE EwEirie o 15 &Sy AT ANoodsy TR &S LOF FARE 8 FES FORGF 3 OFF FGES
OF19ave 1995 HONDA CIVIC 4 1.5 52696 PI  HonOzy TWC HE LDV1 8248 0.181 0.782 0.014 0.042
OF198ve 1995 HOHDA CIVIC 4 1.5 52760 PI  HonO=y TWC HE LDV1 8265 0.188 0.79%5 0.016 0.052
OF198v9 1995 HOHDA CIVIC 4 1.5 52837 FI O=y TWC HE LDV1 824 0.155 0.637 0.020 0.044
OF198v9e 1995 HOHDA CIVIC 4 1.5 52884 FPI O=y TWC HE LDV1 8278 0.148 0.620 0.013 0.043
OF198v19 1997 CHEWVROLET CAVALIER 4 2.4 2228% PI O=y TWC AUTO  1DV1 a446 0.314 1.430 0.012 0.037
OF198v19 1997 CHEVYROLET CAVALIER 4 2.4 22344 PI O=y TWC AUTO LDVl 9455 0.430 1.991 0.000 O0.054
QF198v19 1997 CHEVROLET CAVALIER 4 2.4 22390 PI Q=y TWC AUTO LDVl 2460 0,397 1.782 0.007 0.077
OF198V19 1997 CHEVROLET CAVALIER 4 2.4 22487 PI HonO=y TWC AUTO L1DV1 8466 0.429 1.892 0.001 0.118
OF198v19 1997 CHEWVROLET CAVALIER 4 2.4 22528 PI HonOxy TWC AUTO L1DV1 8477  0.373 1.681 0.00%9 0.070
OF198v19 1997 CHEWVROLET CAVALIER 4 2.4 22950 PI HonOxy TWC AUTO 1DV1 4486 0.536 2.390 0.01% 0.102
OF198v21 1997 TOYOTA CAMRY 4 2.2 23045 PI O=y THC HE LOV1 2494 0.382 1.325 0.116 0.173
QF19av2l 1997 TOYOTA CAMRY 4 2.2 23104 PI Q=y T HE LDVL 2504 00325 1.278 0,055 0.112
OF198V21 1997 TOYOTA CAMRY 4 2.2 231e8 PI  HonO=y TWC HE LDV1 8514 0.366 1.401 0.049% 0.177
OF198V21 1997 TOYOTA CAMRY 4 2.2 23209 FI HonO=y TWC HE LDV1 8526 0.371 1.405 0.048 0.200
OF198v22  199¢ HOHDA ACCORD 4 2.2 29885 PI HonO=y TWC HE LDV1 84521 0.238% 1.021 0.014 0.072
OF198v22  199¢ HOHDA ACCORD 4 2.2 29930 PI  HonOzy TWC HE LDV1 8530 0.240 1.085 0.012 0.053
OF198v22 199 HONDA ACCORD 4 2.2 29988 PI O=y THC HE LDV1 8536 0.191 0.798 O0.016 D0.0e2
QF19ava2z 199 HOHDA ACCORD 4 2.2 3011% PI O=y T HE LDVL 2541 0.184 0.80% 0.007 0.049
OF198V24 1995 PONTIAC BONNEVILLE & 3.8 43817 FI HonOzy TWC AUTO L1DV1 8558 0.254 0.887 O0.076 D0.113
OF198v24 1995 PONTIAC BONNEVILLE & 3.8 43877 PI HonOxy TWC AUTO L1DV1 8563  0.265 0.973 0.060 0.117
OF198v24 1995 PONTIAC BONNEWILLE & 3.8 4393¢6 PI O=y TWC AUTO  1DV1 4582 0.192 0.660 0.064 0.082
OF198vV24 1995 PONTIAC BONMEVILLE & 3.8  4399% PI O=y TWC AUTO LDVl 8587 0.220 0.814 0.055 D0.080
QF198v2s 199  SUBARU LEGACY 4 2.2 19389 PI Q=y TWC AUTO LDVl 8597  0.472 1.9%7¢ 0.000 0.235
OF198V25 199  SUBARU LEGACY 4 2.2 1944¢ PI 2y TWC AUTO 1DVl 8602 0.436 2.005 0.000 0.073
OF198V25 1998  SUBARU LEGACY 4 2.2 19521 FI HonO=y TWC AUTO LDV 8610 0.53%9 2.499 0.000 0.073
OF198V25 1996  SUBARU LEGACY 4 2.2 19580 PI HonOxy TWC AUTO 1DV1 8625 0.274 1.112 0.005 0.150
OF198V25 199  SUBARU LEGACY 4 2.2 19638 PI HonOxy TWC AUTO 1DV 8637 0.554 2,408 0.000 0.198

Italicized & underlined data not used in calculating averages

TIEE 1 LDT=

Weh # Year Halke Hodel Cyl Disp  Odom  F-Del Type EC Tran= Tier FTP# FT-HC HZ-Phl HC-FhZ HC-FPh3
OF198TO0 1997 DCDGE CARAVAN 6 3.0 7863 PI O=y TWC AUTO  LDT1 2089  0.635 2.858 0.02%7 D0.11%
QF198To 1997 DODGE CARAVAN & 3.0 7899 PI O=y TWC AUTO  LDT1 2099 0.493 2.184 0.018 0.106
OF198TO0 1997 DODGE CARAVAN & 3.0 7995 FI O=y TWC AUTO  L1DT1 8135 0.545 2.41¢ 0.031 0.107
OF198TO0 1997 DODGE CARAVAN 6 3.0 a040 PI HonOxy TWC AUTO L1DT1 8145 0.549 2. 557 0.000 0.072
OF198T0 1997 DODGE CARAVAN 6 3.0 an79 PI HonOxy TWC AUTO I1DT1 8150 0.652 3.011 0.005 0.098
OF198TO0 1997 DCDGE CARAVAN 6 3.0 184 PI HonOxy TWC AUTO LDT1 81e0 0.533 2,450 0.009 D0.072
OF198T18 199 FORD EXPLORER 6 4.0 33724 PI Q=y TWC AUTO  LDT1 2397 0.148 0.522 0.046 0.059
OF198T18 199% FORD EXFLORER 6 4.0 337865 PI 2y TWC AUTO  L1DT1 8407 0.144 0.533 0.032 0.0e2
OF198T18 199% FORD EXFLORER & 4.0 33840 FI O=y TWC AUTO  L1DT1 8417 0.145 0.585 0.0Z6 D0.061
OF198T18 1996 FORD EXFLORER 6 4.0 33912 PI HonOxy TWC AUTO L1DT1 8434 0.2585 1.084 0.070 O0.000
OF198T18 199& FORD EXPLORER 6 4.0 33965 PI HonOxy TWC AUTO L1DT1 2439 0.150 0.592 0.018 O0.066
OF198T18 199& FORD EXFPLORER 6 4.0 34023 PI HonOxy TWC AUTO LDT1 2451 0.158 0.668 0.010 D0.053
QF198T27 199 CHEVY BLAZER & 4.3 42610 PI O=y TWC AUTO  LDT1 943 0.308 1.249 0.022 0.124
OF198T27 199% CHEVY BLAZER 6 4.3 42675 FI O=y TWC AUTO  L1DT1 8653 0.309 1.268 0.016 0.134
OF198T27 1996 CHEVY BLAZER 6 4.3 42738 PI HonOxy TWC AUTO L1DT1 8659 0.363 1.527 0.009 0.150
OF198T27 199¢6 CHEVY BLAZER 6 4.3 42790 PI HonOxy TWC AUTO I1DT1 8664 0.346 1.452 0.011 0.135
WP EETIE IFSF FRER ENFERNTTON & & 4 I4ELF FT Moodlsy STRT AFRY LRTY FaRs G SFF T IGE 030EF FRET
QF198T29 1997 FORD EXPEDITION & 5.4 14076 PI HonOQzy 2TWC AUTO LDT1 gg98 0.194 0.90% 0.001 0.017
OF198T29 1997 FORD EXPEDITION & 5.4 14133 PI HonO=y 2TWC AUTO L1DT1 8702 0.210 0.977 0.003 0.020
OF198T29 1997 FORD EXPEDITION & 5.4 14181 FI O=y 2TWC  AUTO LDT1 8709 0.211 0.99¢ 0.000 0.014
OF198T29 1997 FORD EXPEDITION & 5.4 142538 PI O=y 2TWC  AUTO LDT1 84714 0.221 1.029 0.005 0.018
OF198T29 1997 FORD EXPEDITICN & 5.4 14314 PI O=y 2TWC  AUTO LDT1 8719 0.220 1.004 0.013 0.017

Italicized & underlined data not used in calculating averages



FTP TEST RESULTS for TIER 1 VEHICLES

TIER 1 LDVs

Veh # FT-CO C0-Fhl C0-FhZ CO-Ph3 HOx-FTF HO-Fhl HNO-FPh2 HO-FPh3 FT-C02 C02Z2-FPhl C0O2-FPh2 COD2-FPh3
OF198VS 5.401 17.589 0.116 6.152 0.453 0.728 0.323 0.491 427.82 481.11 434 .56  374.77
OF198VS 4. 282 15.624 0.132 1.207 0.363 0.897 0.166 0.478 433.45 490.66 437 .66 382.39
OF198vVes g.o0o 16.473 0.106 5.550 0.315 0.878 0.139 0.374 428.81 488.04 434.78  372.86
OF198VS 4.652 17.352 0.145 3.523 0.356 0.808 D0.128 0.444 434.54 491.05 440.15 381.38
OF198VS 5.777 16.505 0.105 8.327 0.326 0.712 0.139 0.386 437.70 491.91 444 .66  383.81
OF198Ve 4. 436 14 855 1.793 1.53% 0.280 0.526 0.139 0.245 322.58 318.95 343.77 285.51
OF198Ve 3.371 10.366 1.521 1.621 0.182 0.276 0.114 0.241  332.64 357 .96  346.04 288 .45
OF198Ve 4.103 12.406 2.225% 1.353 0.210 0.435 0.129 0.193 331.71 329.05 347.18% 304.71
OF198Ve 3.482 11.994 1.226 1.311 0.276 0.609 0.166 0.231 319.98 322.97 339.51 281.01
OF198Ve 4.051 13.990 1.549 1.28& 0.224 0.483 0.151 0.181 321.05 327.48 339.71 281.08
2] SRS 7S LFARF F 48E 0 88F PR 7 2 A s 11 ) g SRS dF 48 FES g4 EF e AR A
OF198vV9 2.787 12 476 0.178 0.388 0.231 ©0.529 0.125 0.208 248.65 263.63 253.58 2285.03
OF198V9 2.632 11.618 0.138 0.532 0.225 0.533 0.109 0.209 251.91  263.57 256.24  234.98
OF198V9 2.079 9.193 0.131 0.370 0.273 0.552 0.158 0.277 247.00 260.75 252.01 227.21
OF198V9 2.072 9.251 0.107 0.327 0.217 0.490 0.130 0.172 247.72 265.66 250.93 228.12
OF198V19 3.585 13.765 0.967 0.816 0.367 0.785 D0.188 0.388 353.48 397.05 360.57 307.23
OF198V19 4.738 17.332 1.420 1.428 0.207 0.488 0.0%7 0.193% 356.73 405.97  363.05  307.664
OF198V19 4.701 16.428 1.342 2.100 0.230 ©.551 0.083 0.261 356.83 402.52  362.30 31z.10
OF198v19 .63l 17.882 2.173 2.79%8 0.173 0.425 0.062 0.188 365.35 410.63 371.57 319.58
OF198V19 4.461 15.008 1.350 2.352 0.127 0.310 0.031 0.169 368.85 413.73 376.98 319.68
OF198V19 5.436 15.044 1.888 2.552 0.160 ©0.413 0.038 0.197 364.06 404.38 373.68 315.75
OF198v21 4. 865 17.266 1.823 1.224 0.20% 0.492 0.087 0.225 330.57 345.76 345.92 290.40
OF198v21 4.324 15.083 0.657 0.841 0.1%0 0.559 0.053 0.169% 331.81 350.33 342.21 298 41
OF198v2l 4,225 16.704 0.786 1.257 0.194 0.528 0.066 0.183 338.90 354.55  349.23  307.74
OF198V21 4.772 16.706 1.102 2.703 0.190 0.548 0.046 0.190 339.32 356.83 350.76 304.61
OF198V22 4.684 17.572 0.811 2.278 0.214 0.815 0.078 0.168  324.12 342.15 331.33 296.91
OF198v22 3.680 14.438 0.533 1.438 0.2668 0.621 0.145 0.234 329.81 347.8% 338.74 2983.61
OF198v22 3.096 11.163 0.602 1.708 0.2%94 0.852 0.100 0.23%9 322.05 342.03 331.49 289.1%8
OF198v22 2.993 10.757  0.710 1.433 0.27% 0.737 0.098 0.275  323.29 343.83 332.62 290.:23
OF198v2d 7.182 13.564 £.178 4,267 1.147  2.284 0.684 1.163 456.39 498,35 473.35  392.74
OF198V24 7.291 17.552 4.357 5.08%5 1.092 2.072 0.500 1.467 456 .35 490.58 474.79 396.08
OF198vV24 4.518 10.420 3.223 2.497 1.222 2.301 0.629 1.524 438.23 479.85 451.90 380.88
OF198V24 5.951 16.429 3.454 2.702 1.187 2.375 0.638 1.317 440.12 478.47 452.57 387.80
OF198V25 3.570 15 377 0.149% 1.130 0.65% 1.243 0.349 0.804 371.66 44943 356.16  342.33
OF198V2E 3.542 15.375 0.101 1.082 0,857 0.849 0.262 0.8%2 375.77 453.85 360.25  345.99
OF198V25 4.823 21.935 0.090 0.791 0.358 0.521 0.146 0.631 380.26 455.49  385.77  350.65
OF198V25 4.651 20.782 0.119 1.089 0.411 0.734 0.125 0.705 38R.75 474.85 372.02 348.30
OF198V25 3.846 16.874 0.088 1.089 0.385 0.765 0.132 0.575  381.33 464.01 387.77 344 .46

Italicized & underlined data not used in calculating averages

TIER 1 LDT=

Veh # FT-CO C0-Fhl C0-FhZ CO-Ph3 HOx-FTF HO-Fhl HNO-FPh2 HO-FPh3 FT-C02 C02Z2-FPhl C0O2-FPh2 COD2-FPh3
OF198T0 4. 348 20.50% 0.000 0.430 0.421 0.662 0.365 0.345 448.36 485.70 456.76  404.07
OF198T0 3.195 14.954 0.000 0.3058 0.471 0.897 0.306 0.459 443.93  452.91 44847 405.91
OF198T0 3.935 18.414 0.011 0.433 0.397 0.851 0.297 0.393 446.35 483.96  454.91  401.83
OF198T0 3.204 14.993 0.012 0.334 0.454 0.914 0.323 0.353 450.96 489.54 457 .35  409.82
OF198T0 3.602 16.834 0.010 0.375 0.4156 0.856 0.253 0.393 460.70 501.63 468.23 415.39
OF198T0 2.696 12 507 0.028 0.31a 0.452 0.965 0.258 0.430 458.14 500.27  d46d.40 414 41
OF198T18 1.017 4.235 0.064 0.391 1.145 2.298 0.957 0.630 553.45 633.52 556.05  488.11
OF198T18 1.221 g.201 0.061 0.402 0.865 2.025 O0.520 0.638 549.35 628.98 552.10 483 .98
OF198T18 1.394 5.655 0.153 0.507 0.852 2.094 0.468 0.640 G46.64 626.78 G4B.63  482.39
OF198T18 1.815 6.520 0.311 1.093 0.44% 1.359 0.1s2 0.304 559.85 629.86 570.90 486.15
OF198T18 1.444 5.328 0.171 0.923 0.497 1.222 0.315 0.297 G57.46 643.11 Sg1.81 484 66
OF198T18 1.268 4. 680 0.160 0.782 0.594 1.744 0.244 0.387 G554.33 645.15 554.58 485 28
OF198T27 2.721 10.981 0.2p4 1.093 0.505 1.380 D0.216 0.387 520.91 588.46 516.98 477.23
OF198T27 2.879 11.703 0.1ek 1.300 0.532 1.469 0.184 0.478 521.37 599.43 512.08 479.86
OF198T27 3.099 12.840 0.1k8 1.28S 0.535 1.285 0.210 0.580 531.31 609.39 526.51 481 46
OF198T27 3.165 12 . 646 0.246 1.4863 0.51% 1.341 0.205 0.484 527.39 600.50 518.99  487.85
AEREETEE 1 94 & E8d AR AR FFES  F SEE 4 45 G S8E BRI L Pl BR KAT 1 sk GF
OF198T29 1.515 6.952 0.105 0.065 0.300 0.776 0.117 0.286 664.99 712.53 685.87 590.05%
OF198T29 1.623 7.122 0.111 0.306 0.388 0.980 0.233 0.230 668.96 721.64 BEB.8B0 591.8%
OF198T29 2.179 10.068 0.105 0.096 0.349 0.944 0.163 0.247 BE0D.B0D  707.04 BB3.70 582.05
OF198T29 2.182 9.905 0.104 D0.282 0.269 0.827 D0.135 0.101 ®EOD.41  711.03 B80.48 584.54
OF198T29 2.260 10.7458 0.043 0.027 0.278 0.752 0.082 0.290 ®52.70 695.34 671.69 584.71

Italicized & underlined

data not used

in calculating averages
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TEST RESULTS for TIER 1 VEHICLES

TIEE 1 LDVs

Veh & FT-FE FE-Fhl FE-FPh2 FE-Fh3 T-Tenp FT-PH FPM-Fhil PM-Fh2 PM-Fh3
OF198Vs 19.61 16.74 19.72 22.28 35.0 5.763 16.747 2.276 4.032
OF198Vs 19.44 16.40 19.58 22.29 36.0 4.530 15.760 1.259 2.164
OF198Vs 19.60 16.59 19,71 22.44 35.0 3.8561 12.01¢6 1.669 1.795%
OF198VE 20,085 17.01 Z0.15 22.91 35.5 5.796 26486 0.z208 0.668
OF198VS 19.82 17.01 19.95 22.33 35.5 4.104 19.765 0.o0o 0.o000
OF198Ve 26.82 25.55  Z5.58  30.77 36.3 6.537 31.159 0.o0o n.223
OF198Ve 26014 23.32  Z5.46 30.44 35.7 g.090 38.076 0.o00 n.888
OF198Ve 26016 25,17 25.28  28.89 36.0 5.199 24.9389 0.000 0.000
OF198Ve 26.27  24.86  Z5.09 30.25 36.3 2.918 14.074 0.o0o 0.o000
OF198Ve 26.10  24.27 Z5.04 30.23 35.7 4.209 17.249 1.235 0.o000

RS ) e s e FF FE5T F7 ! EEE 4 Fir T £ P
OF198vV9 34.99 31.06 34.95 38.79 36.6 2. 674 5.51% 2.366 1.110
OF198V9 34.58  31.21 34.60 37.81 36.8 3.154 7.956 2.075 1.553
OF198V9 34.19  30.94 33.985 37.61 36.0 1.310 4.184 0.618 0.442
OF198V9 34.10 30.39  34.14 37 .47 35.4 0.228 1.094 0.000 0.000
OF198V19 23.81 20.27 23.67 Z7.78 37.3 5.209 23.670 0.000 1.058
OF198V19 23.46 19.52 23.47 27.65 36.2 7.745 34.761 0.a7z 0.000
OF198V19  23.46 19.%6 23.52 27.16 36.6 11.302 44 715 2.142 3.124
OF198V19 23.63 19.96  23.67 27.36 36.1 10.661 45,195 1.565 1.4¢60
OF198V19 23.54 20.05 23.41 27.43 36.6 7.317 34.763 0.195 0.000
OF198V19 23.71 20.16 23.56 27.73 36.1 WD HD HD HD
OF198v21 25.26 22.74 24.56 29.28 37.z2 3.274 13.554 0.o00 1.666
OF198v21 25.25 22.40 24 .96 28.57 35.0 3.511 11.831 0.388 3.098
OF198v2l 25.60 23.04 25.31 28.e0 35.0 3.662 15.21% 0.966 0.o000
OF198V21 25.50 22.90 25.17 28.68 36.1 3.652 13.361 0.388 2.491
OF198V22 26.71 23.79 26.68 29.51 36.0 2.099 10.138 0.000 0.000
OF198v2z 26.40 23.73  26.13 29.48 36.2 3.541 7.451 0.772 5.805
OF198v22 26.18 23.68 25.79 29.35 36.5 2.155 6.611 0.964 1.036
OF198vV22 26.09 23.61 25.69 29.30 36.0 2.239 7.476 0.578 1.453
OF198v24  18.94 16.99 18.38 22.20 36.4 3.856 10.339 1.54¢6 3.329
OF198V24 18.94 17.03 18.42 21.94 36.2 2.2687 7.804 0.588 1.257
OF198v24 19.23 17.21 18.75 Z22.26 36.7 0.870 3.706 0.193 0.000
OF198v24 19.04 16.92 18.71 21.85 36.2 1.134 4 957 0.135 0.000
OF198v25s  22.64 17 .87 24.05 24 .86 36.3 3.620 13.612 0.o00 2.925
OF198V2Es  22.40 17.71 23.79 24.64 36.2 2.675 g.469 0.773 1.879
OF198V25  22.78 17.83 24.25 25.20 34.1 2.310 9.729 0.000 1.045
OF198V25 22.59 17 .4k  23.97 25.4f 37.2 4.376 18.381 0.000 2.099
OF198v25 22.81 17.82 24.12 25.59 37.0 2.299 10.80z2 0.o00 0.210
Italicized & underlined data not used in calculating averages
TIER 1 LDT=
Veh # FT-FE FE-FPhl FE-Fh2 FE-Fh3 T-Temnp FT-FH PM-Fhl PH-FhZ2 PH-Fh3
OF198T0 18.75 16.28 18.77 21.16 34.2 10.899 E2.829 0.o00 0.000
OF198T0 19.03 16.71 19.11 21.08 35.5 9.479 45 557 0.o00 0.000
OF198T0 18.88 1le6.48 18.84 21.28 34.2 10.479 48.072 1.024 0.o000
OF198T0 19.39 17.03 19.40 21.82 35.9 13.791 63365 0.818 0.883
OF198T0 158.95 16.50 18.95 21.32 34.7 16.874 79.523 0.000 1.559
OF198T0 19.12 16.82 19.11 21.38 34 .4 14 416 64 911 0.413 2.678
OF198T18 15.43 13.36 15.41 17 .54 a7.3 2.578 8.084 1.743 0.000
OF198T18 15.54 13.42 15.52 17.68 35.2 1.324 6.382 0.o00 0.o000
OF198T18 15.61 13.45 15.62 17.74 35.4 0.000 0.000 0.000 0.000
OF198T18 15.75 13.79 15.53 18.19 36.1 1.760 4.961 0.194 2.295
OF198T18 15.84 13.58 15.79 18.25 36.2 0.687 3.323 0.o00 0.000
OF198T18 15.94 13.56 15.99 18.24 354 2.214 8.473 0.771 0.209
OF198T27 1e.29 14,07 16.57 17 88 36.5 4.430 11.861 1.930 3.511
OF198T27 1e.27 13.79 1le.73 17.77 35.7 5.520 18.91% 0.969 3.930
OF198T27 16.52 13.99 16.85 18.34 36.0 5.706 22.080 0.19z2 3.727
OF198T27 16.64 14,20 17.09 18.09 35.4 5.352 18.879 0.767 3.712
R PR A I G 0 A B R - . .3 TR 5 =l LA RS Wi LTS
OF198T2% 13.29 12.22 12.94 15.04 35.7 3.701 14.140 1.154 0.616
OF198T2% 13.20 12.0e 12.88 14.98 36.4 4.839 22.310 0.382 0.o000
OF198T29 12.90 11.81 12.54 14.72 35.9 3.356 9.316 1.531 2.266
OF198T29 12.90 11.75 12.60 14 &5 35.9 2.266 10.091 0.000 0.621
OF198T2% 13.05 11.99 12.76 14 .66 36.9 1.395 6.722 0.o00 0.000
HC, 0, HOx & CO2 are reported in grams-mile
Italicized & underlined data not used in calculati: PM i= reported in milligr
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UNIFIED C¥CLE TEST RESULTS for TIER 0 WEHICLES

Ho cold start assessment — Conducted as a hot start 3 phase test.
TIEE 0 LDVs
VEH # 0 Halke Hodel Cyl Di=zp Odom  Fuel Type EC  Transsrp-Tier: UHF# HC-UNF HC-Fhl HC-Fh?Z HC-Fh3i

OF09avl 1993 TOYOTA CORROLA 4 4.0 20163 PI O=y TWC AUTO  LDVO 8044 0.107 0.104 0.104 0.145
OF098v1 1993 TOYOTA COROLLA 4 1.8 20192 PI O=y TWC AUTO  LDVO 049 0.094 0.092 0.092 0.134
QF09avl 1993 TOYOTA COROLLA 4 1.8 20201 PI HonO=xy TWC AUTO LDVO 054 0.106 0.097 0.102 0.156
OF098v1 1993 TOYOTA COROLLA 4 1.8 20341 PI HonOzy TWC AUTC LDVO 8066 0.121 0.109 0.112 0.244
OF098v2 1990 HONDA ACCOED 4 2.2 92586 PI HonOzy TWC ME LDva 8058 0.240 0.300 0.227 0.357
OFQ9av2 1990 HOHDA ACCORD 4 2.2 92649 PI HonOzxy TWC ME Lova 8062 0.z288 0.632 0.262 0.357
OF09av2 1990 HONHDA ACCORD 4 2.2 92688 PI O=y TWC ME Lova 8073 0.268 0.748 0.236 0.314
oF09av2 1990 HOHDA ACCORD 4 2.2 92886 PI O=y TWC ME LDva a0a? 0.244 0.250 0.241 0.273
QF09ava 1991 FORD ESCORT 4 1.8 109295 PI O=vy TWC ME LDv0 2105 0.2332 0.320 0.2132 0,415
OF098v3 1991 FORD ESCORT 4 1.8 109351 PI O=y TWC ME Lova 8115 0.192 0.409 0.167 0.357
OF098v3 1991 FORD ESCORT 4 1.8 109424 PI HonOzy TWC ME LDva 8130 0.273 0.438 0.243 0.527
OF098v3 1991 FORD ESCORT 4 1.8 109460 PI HonOxy TWC M5 LDva a141 0.291 0.482 0.256 0.590
OF098av4 1991 HONHDA CIVIC 4 1.5 110927 TBI HonO=xy TWC M4 Lova 8096 0.583 0.969 0.484 1.568
OF098v4 1991 HCOHDA CIVIC 4 1.5 110984 TBI HonO=zy TWC M4 LDva 8110 0.766 1.591 0.593 2.334
QF098v4 1991 HOHDA CIVIC 4 1.5 111030 TEBI O=y TWC M4 LDv0 119 0.535 0.gge 0.456 1.280
OF098v4 1991 HONDA CIVIC 4 1.5 111118 TEI O=y TWC M4 Lova 8126 0.552 0.882 0.461 1.448
OF098v? 1993 FORD TATRUS 6 3.8 79183 PI HonOzy TWC AUTC LDVO 8196 0.118 0.089 0.118 0.170
OF098v? 1993 FORD TATRUS 6 3.8 79241 PI HonOxy TWC AUTC LDVO az201 0.067 0.079 0.062 0.130
OF09av? 1993 FORD TATRUS 6 3.8 79280 PI O=y TWC AUTO  LDVO 8215 0.107 0.169 0.094 0.227
OF09av? 1993 FORD TATRUS 6 3.8 79343 PI O=y TWC AUTO  LDVO 8220 0.089 0.075 0.079 0.225
QF098v20 1992 Tavo CaM 4 2.2 88112 PI O=y TWC AUTO  LDVO 9475 0.036 0.050 0.031 n.ogse
QFO98v20 1992 Tovd CaM 4 2.2 88182 PI o=y TWC AUTO  LDVO 9484 0.032 0.049 0.029 0.079
OF098vV20 1992 TOVO CAM 4 2.2 88246 PI HNonOxy TWC AUTC LDVO 8501 0.040 0.049 0.034 0.106
OF098V20 1992 TOVO CAM 4 2.2 88290 PI HonOzy TWC AUTC LDVO 8510 0.034 0.048 0.029 0.087
OF098v23 1954 CHEVY CAVALIER 6 3.1 46994 PI O=y TWC AUTO  LDVO 8E5EE 0.127 0.303 0.072 0.686
OF098v23 1994 CHEVY CAVALIER 6 3.1 47104 PI O=y TWC AUTO  LDVO 8569 0.159 1.042 0.o8z2 0.479
OF098v23 1994 CHEVY CAVALIER 6 3.1 47207 PI HonO=zy TWC AUTC  LDVO 8579 0.138 0.174 0.059 1.117
QF098v2a 1994 CHEVY CAVALIER 6 3.1 47285 PI HonO=xy TWC AUTO  LDVO 8593 0.121 0.197 0.048 0.990
OF098V26 1993 SATURN SC2 4 1.9 34578 PI O=y TWC AUTO  LDVO 8617 0.078 0.077 0.077 o.og2
OF098V2E 1993 SATURHN SC2 4 1.9 34635 FI 0=y TWC AUTO  LDVO 8622 0.064 0.081 0.063 0.074
OF098V26 1993 SATURN SC2 4 1.9 34710 PI HonOxy TWC AUTC LDVO 8634 0.08o0 0.128 0.065 0.240
OF098V26 1993 SATURN SC2 4 1.9 34771 PI HonOxy TWC AUTC LDWO 8643 0.078 0.167 0.067 0.139

Italicized & underlined data not used in calculating averages

TIER 0 LDTs

VEH # Vear Hake Hodel Cyl Dizp Odom  Fuel Type EC  Transsrp-Tier UHF# HC-UNF HC-Fhl HC-Fh?Z HC-Fh3i
OF098T11 1993 FORD EXFLORER 6 4.0 44112 PI O=y TWC AUTO  LDTO 8286 0.153 0.118 0.140 0.360
OF098T11 1993 FORD EXFLORER 6 4.0 44161 PI O=y TWC AUTO  LDTO 8293 0.098 0.083 0.086 0.252
OF098T11 1993 FORD EXFLORER 6 4.0 44219 PI O=y TWC AUTO  LDTO 8307 0.084 0.ogz2 0.072 0.234
OF098T11 1993 FORD EXFLORER 6 4.0 44293 PI HonO=xy TWC AUTO LDTO 8315 0.070 0.079 0.051 0.299
QF098T11 1993 FORD EXFLORER & 4.0 443240 PI HonOzxy TWC AUTO  LDTO 8325 0.065 0.070 0.058 0.146
OF098T12 1991 CHEVY BELAZER 6 4.3 122759 TBEI NHonOxy TWC AUTC  LDTO 8298 0.356 0.508 0.237 1.706
OF098T12 1991 CHEVY BLAZER 6 4.3 122816 TBI HonOxzy TWC AUTC  LDTO 8303 0.523 0.368 0.437 1.744
OF098T12 1991 CHEVY BLAZER 6 4.3 122887 TEBI O=y TWC AUTO  LDTO a3zo 0.388 0.406 0.319 1.256
OF098T12 19591 CHEVY BLAZER 6 4.3 122941 TEI O=y TWC AUTO  LDTO 83z29 0.422 0.314 0.362 1.257
OF098T15 1993 JEEP CHEROKEE 6 4.0 36929 PI HonO=zy TWC AUTC LDTO 8341 0.102 0.129 0.085 0.300
QF098T15 1993 JEEP CHEROKEE & 4.0 326928 PI HonOxy TWC AUTO LDTO 2350 0.086 0.109 0.072 0.256
OF098T15 1993 JEEP CHEROKEE 6 4.0 37061 PI O=y TWC AUTO  LDTO 8362 0.096 0.105 0.084 0.239
OF098T15 1993 JEEF CHEROKEE 6 4.0 37122 PI O=y TWC AUTO  LDTO 8368 0.088 0.120 0.072 0.274
OF098T28 1992 CHEVY SUEURBAN 8 5.7 63119 TBI HonOxy TWC AUTC LDTO 8672 0.733 0.943 0.704 0.933
OF098T28 1992 CHEVY SUEURBAN 8 5.7 63179 TBI HonOxy TWC AUTC LDTO 8677 0.682 0.997 0.649 0.861
OF098T28 1992 CHEVY SUEURBAN 8 5.7 63253 TBI O=y TWC AUTO  LDTO 8683 0.585 0.811 0.550 0.864
QF098T28 1992 CHEVY SUEURBAN 8 5.7 83290 TBI O=y TWC AUTO  LDTO 9688 0.639 0.837 0.607 0.g92

Italicized & underlined data not used in calculating averages HC, CO, HOx & CO2 are reported i

FM iz reported in milligrams-mil
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UNIFIED CYCLE TEST RESULTS forTIER 0 WEHICLES

Ho cold start assessment — Conducted as a hot start 3 phase test.

TIEE 0 LDVs

VEH # CO-UHE C0O-Fhl CO-Ph2 CO-Fh3 HO-UNF HO-Phl HO-Ph2 HO-Ph3 COZ2UNF CO2FPhl CO2Ph2 CO2Ph3
OF09avl 1.105 0.452 1.187 O0.550 0.227 0.234 0.189 0.700 337.75 423 .62 328.93 385 .52
OF098v1 1.199 0.45% 1.281 0.720 0.212 0.297 0.1e8 0.710 327.59 427 25 315.45 406.61
QF09avl 1.810 0.e92 1.9%52 0.83%5 0.211 0.136 0.171 0.791 330.8% 422.44 318.82 4le.10
OF098v1 1.732 0.190 1.865 1.188 0.224 0.316 0.184 0.677 326.96 423.49 314.13 418 .23
OF098v2 8.884 10.703 8.650 10.466 0.694 0.921 0.656 0.999 334 .57 431.20 320.70 437.19
OFQ9av2 12,125 13.240 12.231 9.914 0.708 1.299 0.641 1.112 325.23 496.40 304.76 455 44
OF09av2 9.938 22.377 9.285 8.800 0.738 1.060 0.699 1.000 338.12 464.35 324.30 418 .31
oF09av2 11.529 8.885 11.847 9. 462 0.670 1.025 0.639 0.798 338 47 453.00 323.82 439 .60
QF09ava 4,695 4.118 4.801 3.778  1.465  1.838 1.414 1.839 353.41 497,63 335.89 468.17
OF098v3 3.460 6.220 3.142 5,445 1,475 2.008 1.413 1.867 359.01 498 45 341.32 479.98
OF098v3 E.0e9 7.227 4,849 6,259 1.503 1.913 1.447 1.902 368.03 517.38 349.28 494 89
OF098v3 4.998 6.020 4.810 6.619 1.506 1.958 1.452 1.857 367.72 G520.07 349.57 483 .80
OF098av4 11.971 13.624 11.629% 15.091 3.162 3.710 3.067  3.959 252 15 317 .57 244.11 305.43
OF098v4 12.874 18.000 12 362 15. 462 3.11% 3.587 3.037 3.793 248,38 307.49 241 .32 292.91
QF098v4 9.840 13.497 9.510 11.271 2.13%5 2.290 2.060 3.977 244 5% 292,09 238.22 289.40
OF098v4 11.261 14 662 10.968 12,427 3.131 3.463 3.043 4.000 245.28 302.39 237.93 295 .61
OF098v? 6.666 3.629 7.158 2. 658 0.920 0.873 0.899 1.227 431.04 590.43 408.91 594.13
OF098v? 2.899 2,688 2.91¢ 2.845 0.838 0.944 0.809 1.131 442 .52 620.35 419.03 £09.33
OF09av? 4.418 7.938 4.463 1.241 1.115 1.445 1.068 1.470 441 26 615.39 418.19 606.08
OF09av? 3.217  1.575 3.407 2.014 0.974 0.994 0.947 1.306 439.39 602.25 416.23 614.32
QF09avao 0.798 0.484 0.824 0.695 1.082 1.410 1.027 1.537 368.71 501.12 352.67 473.74
QFQ9avao 0.469 0.5e2 0.451 0.628 1.114 1.306 1.083 1.372 357.13 4732.73 342.0% 4e2.08
OF098v2o 1.092 0.593 1.134 0.93% 0.992 1.265 0.944 1.396 362.45 480.98 345.98 468.90
OF098v20 0.e48 0.570 0.624 1.014 0.988 1.376 0.941 1.297 365.73 492 .52 350.10 469.06
OF09av2s 3.836 8.492 3.1e8 B8.796 1.477 1.970 1.395 2 153 385.74 G516.39 368.39 507 .44
OF09av2s 5.352 10.207 4.915 7. .282 1.475 2.547 1. 346 2.301 383.80 504.74 367.71 497 .81
oFQ9avas 2.824 5624 1.707 14 862 1.204 1.714 1.103 2.099 384.38 517.81 367.22 500.90
QFQ9avaz 2.515  4.977  1.44p 14.19% 1.138 1.250 1.064 1.992 387.94 524,81 371.21 497.22
OF098vV2e 2.839 1.909 2.988 1.660 O0.296 0.18%2 0.304 0.281 294.87 393.43 282.30 380.11
OF098V2E 2.808 2.527 2,925 1,525 0.233 0.15%6 0.229 0.343 297 56 396.26 284.99 383.90
OF098V2E 2.798 3.515 2.403 7.352 0.252 0.226 0.264 0.114 305.32 399.95 292.29 401.70
OF098vV2E 2.91%9 4.001 2.807 3.525 0.238 0.372 0.236 0.163 304.02 402.85 291.22 392 2¢

Italicized & underlined data not used in calculating averages
TIER 0 LDTs

VEH # CO-UNEF C0O-Fhl CO-FPh2 CO-FPh3 HO-UNF HO-Phl HO-Ph2 HO-Ph3 COZUNF CO2Fhl CO2ZFhZ (COZFPh3
OF098T11 7.171 4.05¢ 7.609 3.884 0.863 1.221 0.812 1.257 488.16 670.45 464.82 £50.92
OF098T11 5.216 3.126 5.494 3 224 0.728 0.706 0.702 1.067 GB02.71 663.95 482 .54 639 .54
OF098T11 2.819 2,753 2.855 2,406 0.812 1.251 0.770 1.026 492 41 685 .66 469.43 64044
OF098T11 2.590 2.637 2.447 4377 0.751 1.041 0.715% 0.994 G504.02 683.16 481.06 E61.31
QF098T11 2.852 1.780 2.498 3.822 0.711 0.83% 0.666 1.183 518.82 701.09 495.90 674.07
OF098T12 10.603 13.085 8.81e 30.780 1.641 1.754 1.620 1.809 494 41 686.42 473.11 617.15
OF098T12 22.949 11.442 22 454 35.117 1.79¢ 2.310 1.735 2,186 G50k.08 6B75.82 485.41 643 36
OF098T12 17.019 12.589 1e6.822 22.904 1.563 1.783 1.522 1.919 477 52 645.19 457 .38 607.74
OF098T12 18.142 12.007 17.724 25.056 1.405 1.614 1.414 1.140 472 45 619.01 459.81 522.17
OF098T15 2.586 3.144 2,395 4591 0.802 1.181 O0.705% 1.750 G6k.45 733.96 G544 .51 71879
QF098T1E 1.560 1.949% 1.32¢ 4,280 0.798 1.208 0.717 1.536 G570.70 759.21 G546.93 735 .6l
OF098T15 1.726 1.446 1.649 2,930 0.727 1.48% 0.620 1.527 GE5.17 731.60 £531.43 726.02
OF098T15 1.701 2.454 1,538 3.218 0.988 1.402 0.877 2.101 G561.00 740.72 539.36 701.25
OF098T28 18.533 14.612 19.268 12.128 3.078 4.144 2 962 3.752 671.19 880.46 643.14 870.28
OF098T28 19.767 18.054 20.262 14 755 2 .968 3,673 2.867 3.729 670.09 895 .41 640.74 873.53
OF098T28 10.685 12.282 10.456 12 432 3.170 23.603 3.111 3.596 666.87 856.79 641 .62 848 .GF
QF09aT28 16,456 12.474 17 .040 12,015 2.888 2.623 2.770  3.894% 661.20 954.58 6332.90 863.20

Italicized & underlined

data not used in calcul HC,

=4t

CO, HNox & COZ are reported in
iz reported in milligrams-mile

88

gramns-mile



UNIFIED CYCLE TEST RESULTS forTIER 0 VEHICLES
Ho cold start assessment — Conducted as a hot

TIER 0 LDVs

VEH # FE-UNF FE-Fhl FE-Ph2 FE-FPh3 T-Temp PM-UNF

OF098V20 23.17  17.08 24.21 18.05 34,
OF09&v20 23.95 18.08 25.01 18.50 3g.
OF098V20 24.36 18.41 25.44 18.85 36.
OF098V20 24.19  17.98 25.27 18.85 33.
OF098V23 21.86 16.16 22.95 16.38 36.
OF098V23 21.83 16.36 22.82 16.79 36.
OF098V23 22.80 16.83 23.98 16.82 36.
OF098vV23 22.62 16.64 23.75%  16.98 40.
OF098V26 28.62 21.61 29.85 22.39 35.
OF098V2E 28.37  21.41 29.58 22.18 36.
OF098V26 28.63  21.87 29.986 21.44 35.
OF098V26 28.74 21.65 30.00 22.28 36.

Italicized & underlined data not used in

OF098v1 2651 21.21  27.20 23.28 34.4
OF098vV1 2600 20002 26.93 Z21.01 35.8
OF09av1 2657 20.94  27.54 Z21.24 36.5
OF058v1 26.89  20.92 27.96 Z1.09 36.4
OF058va 25.41  19.77 26.49 19.52 35.8
OF09&v2 25.71  17.0% 27.32 18.80 36.9
OF09av2 24.18 17.0%  25.24 19.80 36.4
OF09ave 23.99  18.33 24.93 18.83 37.9
OF09av3 23.72  1e.97  24.92 18.03 36.4
OF098v3 23.49  16.83 24.72 17.51 36.0
OF058v3 23.55 1s.74 24.81 17.53 35.7
OF098V3 23.57  16.71 24.79 17.89 36.0
OF098V4 32.53  25.95  33.63  26.56 34.8
OF098V4 32.74  26.04 33.79  27.34 35.4
OF092V4 32.76  27.13  33.e3  27.57 34.1
OF0598v4 32.39  26.13  33.41 26.83 33.7
OF058v7? 20,08 14.88 21.10 14.82 35.7
OF098vV7? 19.84 14.20 20.94 14.45 37.5
OF09&v7? 19.11  13.64 20.15 14.08 37 .4
OF098v? 19.28 14.17  20.32 13.87 36.9
2
g
]
g
2
3
7
5
5
5
3
5
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473
295
L7583
075
. 955
034
765
.738
825
.625
.311
L7226
.798
436
814
.B74
.B51
.151
.409
.142
442
L9822
.740
436
.019
494

calculating a

TIER 0 LDTs

VEH # FE-UNF FE-Fhl FE-Fh2 FE-Fh3 T-Temp PM-UNF
OF098T11 17.15 12.66 17.97 13.03 36.2 16.151
OF098T11 16.77 12.81 17.44 13.28 40.7 4 .656
OF098T11 17.25 12.42 18.08 13.29 39.5  1.739
OF098T11 17.46 12.91 18.30 13.26 35.2  1.016
OF098T11 16.97 12.e0 17.7% 13.04 33,7 0.724
OF098T12 17.33 12.53 18.20 13.23 g.8  z2.z207
OF098T12 16.32 12.77 17.00 12.52 41.9  3.7581
OF098T12 16.96 12.87 17.68 13.24 34.7  2.823
OF098T12 17.07  13.42 17.54 15.04 35.8  2.096
OF098T15 15.55 12.00 16.183 12.21 35.1 17 .603
OF098T1S 15.483 11.64 16.16 11.94 37.5 13.080
OF098T15 15.36 11.68 16.05 11.72 36.3  B.F7O
OF098T15 15.20 11.51 15.82 12.12 35.3  B.E9E
OF098T28 12.63 9.79  13.14 9.95 37.1 12.910
OF098T28 12.62 9.857  13.16 9.87 36.3  4.507
OF098T28 12.51 9.76  13.00 9.85 36.6  3.211
OF098T28 12.44 9.78  12.94 9.69 37.0  32.684

Italicized & HC, CO, HOx & COZ2 are reported in grams-mile

FM i= reported in milligrams-mile
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UNIFIED C¥CLE TEST

RESULTS for TIER 1 WEHICLES

TIEE 1 LDVs

VEH # Vear Hake Hodel Cyl Disp Odom  Fuel Type EC Trans Grp OHF# HC-UHNF HC-Fhl HC-Fh2 HC-Fh3
OF198veE 199¢ FORD TATRUS 6 3.0 38267 PI O=y TWC AUTO  LDV1 a1c8 0.083 0.050 0.070 0.266
OF198veE 1996 FORD TATRUS 6 3.0 38340 PI O=y TWC AUTO  LDV1 8167 0.091 0.051 0.o078 0.283
OF198vE 1996 FORD TATRUS 6 3.0 38397 PI O=y TWC AUTO LDVl 8172 0.061 0.036 0.0587 0.137
QF198ave 1996 FORD TATRUS & 3.0 328440 PI HonOzxy TWC AUTO LDV1 8176 0.ogo 0.044 0.066 0,282
OF198VE 1996 FORD TATRUS 6 3.0 38480 PI HonOzy TWC AUTCO LDV1 8180 0.070 0.105 0.060 0.166
OF198Ve 1996 SATUEN Ls2 4 1.9 11978 PI HonO=zy TWC ME LDV1 8185 0.218 0.424 0.177 0.581
OF198ve 1996 SATURN Ls2 4 1.9 12020 PI HonOxy TWC ME LDVl 191 0.183 0.389 0.158 0.342
OF198vVe 1996 SATURN Ls2 4 1.9 12090 PI HonO=zy TWC ME LDVl 8205 0.19% 0.384 0.166 0.435
OF198ve 1996 SATURN Ls2 4 1.9 12179 PI O=y TWC ME LDVl 8211 0.118 0.317 0.097 n.232
QF19ave 1996 SATURN Ls2 4 1.9 12239 PI O=y TWC ME LDVl 9224 n.112 0.305 0.ogge 0.269
OF198v9e 1995 HONDA CIVIC 4 1.5 E52636 PI HonOzy TWC ME LDVl 8240 0.058 0.048 0.056 0.086
OF198V9 1995 HONDA CIVIC 4 1.5 52696 PI HonO=zy TWC ME LDV1 8250 0.067 0.063 0.066 0.083
OF198v9 1995 HONHDA CIVIC 4 1.5 52760 PI HonOxy TWC M5 LDV1 82587 0.055 0.036 0.055 o.a072
OF198va 1995 HONDA CIVIC 4 1.5 52837 PI O=y TWC ME LDVl 8266 0.036 0.037 0.034 0.060
OF198ave 1995 HOHDA CIVIC 4 1.5 52884 PI O=vy TWC ME LDVl 280 0.050 0.053 0.049 0.068
QF198v1e 1997 CHEV CAY 4 2.4 22286 PI O=y TWC AUTO LDVl 448 0.039 0.048 0.037 0.0587
OF198vV19 1997 CHEV CAV 4 2.4 22344 PI Omy TWC AUTO LDVl 89457 0.042 0.038 0.033 0.161
OF198V19 19397 CHEV CAV 4 2.4 22390 PFI O=y TWC AUTO LDVl 8462 0.046 0.043 0.047 0.0z29
OF198V19 1997 CHEV CAV 4 2.4 22467 PI HonOxy TWC AUTCO LDV1 8468 0.078 0.081 0.079 0.063
OF198v19 1997 CHEV CAV 4 2.4 22526 PI HonOxy TWC AUTCO LDV1 8479 0.068 0.056 0.065 0.115
OF198v19 1997 CHEV CAV 4 2.4 22950 PI HonO=xy TWC AUTCO LDV1 488 0.063 0.079 0.056 0.142
OF198va21l 1997 Tovd CAMRY 4 2.2 23045 PI O=y TWC ME LDV1 9496 0.164 0.311 0.147 0.264
QF19aval 1997 Tovd CAMRY 4 2.2 23104 PI O=y TWC ME LDVl 506 0.136 0.151 0.1320 0.197
OF198v21 1997 TOVO CAMRY 4 2.2 23165 PI HonOzy TWC ME LDVl 8516 0.155 0.112 0.148 0.308
OF198V21 19397 TOVO CAMRY 4 2.2 23209 PI HonOzy TWC ME LDV1 8528 0.152 0.151 0.143 0.271
OF198v22 1996 HONDA ACCORD 4 2.2 29885 PI HonOzxy TWC ME LDVl 8523 0.068 0.0E5E 0.067 0.091
OF198v22 1996 HONDA ACCORD 4 2.2 29930 PI HonOxy TWC ME LDVl 8532 0.053 0.038 0.053 0.058
OF198va2z 199 HOHDA ACCORD 4 2.2 299838 PI O=vy TWC ME LDVl 8538 0.047 0.045 0.046 0.069
QF19avaa 199 HONDA ACCORD 4 2.2 30115 PI O=vy TWC ME LDVl 9543 0.071 0.11le 0.064 n.129
OF198V24 1995 PONTIAC  BOMNEVILLE 6 3.8 43817 PI HNonOxy TWC AUTCO LDV1 8560 0.074 0.137 0.059 o212
OF198V24 1995 PONTIAC  BOMWEWILLE & 3.8 43877 PI HonOxy TWC AUTCO LDV1 8565 0.084 0.140 0.071 0.213
OF198V24 1995 PONTIAC  BONWEVILLE 6 3.8 43936 FPI Oy TWC AUTO LDVl 584 0.063 0.117 0.051 0.174
OF198V24 1995 PONTIAC  BONWEVILLE 6 3.8 43995 PI O=xy TWC AUTO  LDV1 a5a9 0.073 0.114 0.063 0.167
OF198V25 199 SUBARU LEGACY 4 2.2 19389 PI O=vy TWC AUTO LDVl 8599 0.1% 0.046 0.189 0.392
QF198v2t 199 SUBARU LEGACY 4 2.2 19446 PI O=vy TWC AUTO LDVl 9604 0.171 0.0582 0.178 0.176
QF198v2t 199 SUBARU LEGACY 4 2.2 19521 PI HonOzxy TWC AUTO LDV1 9612 0.201 0.051 0.180 0.574
OF198V25  199¢ SUBARU LEGACY 4 2.2 19580 PI HonO=zy TWC AUTCO LDV1 8627 0.225 0.093 0.205 0.581
OF198V25  199¢ SUBARU LEGACY 4 2.2 19638 PI HonOxy TWC AUTCO LDV1 8639 0.213 0.049 0.192 0.603

Italicized & underlined data not used in calculating averages
TIER 1 LDTs

VEH # Year Hake Hodel Cvl Dizp Odom  Fuesl Type EC Tranz Grp OHF# HC-UHF HC-FPhl HC-FPh2 HC-Fh3
Carawan 1997 DODGE CARAVAN 6 3.0 7863 PI O=y TWC AUTO  LDT1 8091 0.109 0.073 0.104 0.190
Carawvan 1997 DODGE CARAVAN & 3.0 78949 FI O=y TWC AUTO  LDT1 8101 0.099 0.058 0.101 0.103
Carawvan 1997 DODGE CARAVAN 6 3.0 7995 PI O=y TWC AUTO LDT1 &8137-3¢ 0.086 0.073 0.086 o.102
Caravan 1997 DODGE CARAVAN 6 3.0 B8040 PI HonOzy TWC AUTC LDT1 8147-40 0.095 0.063 0.096 0.107
Carawvan 1997 DODGE CARAVAN 6 3.0 8079 PI HonOzy TWC AUTC LDT1 8152 0.092 0.067 0.o88 0.162
Caravan 1997 DODGE CARAVAN & 3.0 B194 PI HonO=zy TWC AUTO LDT1 8162 0.102 0.063 0.107 0.og9
OF198T18 199¢ FORD EXFLORER 6 4.0 33724 PI O=y TWC AUTO  LDT1 8399 0.032 0.0E55 0.025 0.110
OF198T18 199¢ FORD EXFLORER 6 4.0 33765 FI O=y TWC AUTO  LDT1 8409 0.027 0.048 0.027 0.0z21
OF198T18 1996 FORD EXFLORER 6 4.0 33840 PI O=y TWC AUTO  LDT1 8419 0.044 0.052 0.040 0.o87
OF198T18 1996 FORD EXFLORER 6 4.0 33912 PI HonOxy TWC AUTC LDT1 8436 0.069 0.100 0.063 0.115
OF198T18 19% FORD EXFLORER 6 4.0 3395 PI HonO=zy TWC AUTC LDT1 9441 0.070 0.047 0.066 0.097
QF198T18 199 FORD EXFLORER & 4.0 324023 PI HonOzxy TWC AUTO LDT1 9453 0.o070 0.037 0.071 n.ogz
QF198T27 199 CHEVY BLAZER & 4.3 42610 PI O=y TWC AUTO  LDT1 2650 0.052 0.045 0.044 0.167
OF198T27 199¢ CHEVY BLAZER 6 4.3 42675 FI O=y TWC AUTO  LDT1 8655 0.054 0.039 0.049 0.137
OF198T27 1996 CHEVY BLAZER 6 4.3 42738 PI HonOxy TWC AUTCO LDT1 8661 0.064 0.074 0.056 0.158
OF198T27 1996 CHEVY BLAZER 6 4.3 42790 PI HonOxy TWC AUTCO LDT1 BEGE 0.070 0.061 0.061 0.190
AR FETTE 18FF R EXFERTTN F & XS0NF A5 Mowdswe SR 4NN LR &8¢ 4 0NF SN 8 LT AT
OF198T29 1997 FORD EXFEDITION 8 5.4 14076 PI HonOzxy 2TWC AUTO  LDT1 a700 0.o09 0.010 0.009 0.017
QF198T29 1997 FORD EXFEDITION 8 5.4 14132 PI HonOzxy 2TWC AUTO  LDT1 8705 0.oog n0.o1z2 0.oa07 0.o17
OF198T29 1997 FORD EXFEDITION & 5.4 14181 PI Oxy 2TUC  AUTO  LDT1 8711 0.009 0.008 0.009 0.013
OF198T29 1937 FORD EXFEDITION 8 5.4 14258 PI Oxy 2TWC  AUTO  LDT1 8716 0.01o0 0.o01z2 0.010 0.0zo
OF198T29 1997 FORD EXFEDITION & 5.4 14314 PI Oxvy 2TWC  AUTO LDT1 a7z21 0.015 0.023 0.013 0.034

Italicized & underlined data not used in calculating averages

HC, CO. HOx & CO2 are reported 1
FMH iz reported in milligrams-mil
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TIER 1 LDV=
CO-UNEF CO-Fhl CO-Fh2 CO-Fh3 HO-UNF HO-Fhl HO-Ph2 NO-Ph3 COZUNEF COZFhl COZFhe CO2Pha

VEH #

UNIFIED CY¥CLE TEST RESULTS for TIER 1 WEHICLES

OF198VE
OF198Vs
OF198Vs
OF198vs
OF1598vE
OF1598Ve
OF198Ve
OF198Ve
OF198Ve
OF198Ve
OF198v9
OF1598v9
OF198V9
OF198V9
OF198v9
OF198V19
OF198V19
OF198V19
OF198V19
OF198V19
OF198V19
OF198V21
OF198V21
OF198vV21
OF198v21
OF198vV22
OF198vV22
OF198vV22
OF198vaz
OF198V24
OF198V24
OF198V24
OF198V24
OF198V25
OF198V2E
OF198V25
OF198V2E
OF198V25
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.790
872

362

270

842

603
.963

201

522
.53l
.949
.998

946

659
596

753

L3221

154

L7732
.135

516

L3377
.B42
461
027

504

.00
.810

361

L2R7

109

939
685

136

433
017
541
505
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657
470

357

474

374

176
.740

277

. 489
. 458
. 415
.707

706

469
.913

0gs

.338

211

237
. 450

991

785
L7785
.965
993

304

528
.323

151

L3277

250

.376
947

405

.188
152
3358
0.
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Italicized & underlined

.117 3.733  0.400 0.657 0.333 1.061 409.60 572.33 388.
.336 4.034 0.387 0.578 0.314 1.174 409.34 557.92 388.
616 2.410 0.3%57 0.45% 0.306 0.922 412.91 560.26 393.
498 4,235 0.397 0.708%  0.334 0.958 423.89 577.00 403.
.045  2.118 0.38s 0.556 0.327 1.009 425.24 G5%6.91 404.
466 2,417  0.3%s 0.502 0.354 0.268 315.78 421.59% 301.
.831 3.312 0.29%93 0.191 0.25%7 0.319 316.04 415.47 302
072 2.293 0.224 0.176 0.237 0.088 318.00 425.72 304.
.402  1.5Y6 0.300 0.288 0.29%% 0.330 315.14 429 44 300.
L3689 2,139 0.30%  0.227 0.322 0.211 315.14 420.84 300.
.855  1.812 0.193 0.372 0.1sl1 0.474 Z40.11 310.58 232.
.968 1.601 0.155 0.431 0.120 0.388 Z44.38% 320.20 235.
.939  1.218 0.137 0.328 0.121 0.193 Z45.52 319.79 236.
623 1.273  0.13%  0.277 0.112 0.376 Z41.59% 316.13 231.
852 0.924  0.132 0.230 0.116 0.267 Z46.22 307.00 237.
.756 1.4683  0.340 0.412 0.316 0.589 341.77 447 .41 3Z26.
0311 1.435 0.345 0.203 0.344 0.464 347.26 454.83 331.
.231 1.135 0.203 0.179 0.1%1 0.3865 354.66 475.00 339.
.974  2.038 0.1%5 0.197 0.133 0.403 360.22 475.62 343.
L2710 1.931 0.130 0.134 0.114 0.326 356.68 459.81 342.
.422  2.337 0.141 0.134 0.116 0.456 353.15% 466.22 338.
.542  0.728  0.237 0.118% 0.241 0.273 333.12 433.10 319.
.056  0.895  0.173 0.131 0O.lee 0.289 338.16 4B85.41 319.
.780  1.291 0.202 0.160 0.1%2 0.359 346.00 469.26 328.
.337  0.643  0.207 0.239 0.18% 0.413 351.26 489.86 339.
J7200 1.663  0.1%% 0.183 0.149% 0.266 318.65% 436.24 306.
.215  1.514 0.143 0.185% 0.133 0.236 322.70 444.37 306.
.834  1.874 0.19% 0.375 0.183 0.272 318.86 412.61 305.
.324  1.984  0.200 0.291 0.171 0.498 330.74 43%5.23 3le.
.632 10,270  2.113  1.945  2.1s1 1.627 437.60 5%1.60 417.
JB67 10,193 2.528 2.508  2.563 2.084 437.13 55%4.05 416.
.481  7.136  2.668 2.549 2.709 2.240 428.71 569.86 408.
J362  7.832  2.679%  2.414 2.741 2.094 430.35 583 .49 409
.962 3.488 0.73% 1.186 0.709 0.770 37Z.42 488.06 357.
.148  3.903 0.e35 0.891 0.5%4 0.958 373.72 47e.76 359,
.B92 4,883 0.50% 0.505  O.530 0.244 370.60 493.27 360
.11%  5.601 0.50% 0.626 0.45%9 0.546 376.36 488.29 362.
166 4,425 0.384 0.746  0.369 0.295 370.64 488.68 360.

data not used in calculating averages

68 554.82
84 558.30
21 8E1.70
33 570.89
45 BE1.50
28 421.82
75 411.42
17 413 .54
47 415.26
65 420.17
18 289.79
17 304.70
18 309.29
92 308.87
67 309.87
92 452.99
76 463.38
73 452 .98
95 479.37
13 463.99
18 457 .42
20 434.29
19 469.87
54 474 .63
75 407.12
99 377.37
46 435 .66
77 412.87
41 432.76
18 5B82.39
76 B7R.27
99 571.52
90 574.16
80 470.69
26 477.63
30 409.16
21 472.78
14 414 .32

CO-UNEF CO-Fhl CO-Ph2 CO-Ph3 NO-TUNF HNO-Fhl HO-Fh2 NO-Ph3 COZUNF CO2Phl CO2Fh2 COZFh3

TIER 1 LDTs
VEH #

Carawvan 3.003
Carawvan 3,385
Carawvan 2.140
Caravan 3.024
Carawvan 2.051
Caravan 4,287
OF198T18 0.z2o00
OF198T18 0.421
OF198T18 1.072
OF198T18 1.414
OF198T18 3.420
QF198T1e 4.277
QF198T27? 0.571
OF198T27 0.662
OF198T27 1.344
OF198T27 1.565
W PR & 157
OF198T29 0.133
QF198T29 0.132
OF198T29 0.104
OF198T29 0.120
OF198T29 0.237

cCoOoooooo0 00D oD oo o o

085
.02z
.093
057

054

041

141

J111
.222

915

. 450
362

348

.386
.B50
767

FoIrE

0.
0.
0.
0.
0.

101
109
107
200
078

3.332 1.043 0.279 0.459 0.228 0.794 447 .52 596.62 428.40 578.11
3.754 0.808 0.301 0.3%2 0.247 0.92% 448.15 585.31 429.69 578.51
2.364 0.83% 0.283 0.356 0.227 0.930 448.9% 599.63 430.29% 572.40
3.379 0.74% 0.320 0.36% 0.262 1.017 451.46 581.77 432.74 591.54
2.267 0.815 0.290 0.384 0.241 0.829%9 456.70 609.24 437.04 590.71
4,795  0.54p 0.323 0.523 0.270 0.843 450.46 599,24 431.17 G5B85.3%
0.173 0.582 0.509 O0.503 0.462 1.117 541.89 723 .44 516.82 723.52
0.449 0.306 0.382 0.434 0.349 0.757 535.58 718.52 512.78 689.37
1.184 0.287 0.592 0.327 0.595 0.765% 528.67 693.21 505.63 697.82
1.436 1.50% 0.227 0.238% 0.206 0.479% 549.90 727.38 525.69%9 718.1¢6
3.768 1.1%8 0.150 0.03% 0.149 0.271 526.50 721.79%9 509.22 600.03
4,768 1.004 0.257 0.186 0.249 0,411 531.82 717.21 &507.14 705.09
0.531 1.260 0.440 0.5e% 0.390 0.992 527.40 685.49 505.9% 680.66
0.623 1.38% 0.415 0.454 0.338 1.374 532.74 696.38 511.40 682 .96
1.381 1.393 0.507 0.502 0.446 1.289 533.13 704.99 511.8% 677.40
1.59% 1.730 0.584 0.355% 0.544 1.264 528.31 700.94 507.37 667.79
FI4F FLSEF W AFE S FEF f ST SRS BSESF PR FF O BST 5E FER 74
0.112 0.417 0.326 0.241 0.327 0.390 636.42 867.19 606.43 842.93
0.116 0.3%8 0.406 0.804 0.373 0.528 e44.07 989 .46 613.24 851.7%
0.100 0.14% 0.361 0.303 0.356 0.467 £31.71 874 .56 601.12 838.64
0.114 0.13% 0.366 O0.460 0.349 0.520 £33.49 869.09 w02.37 846.01
0.215 0.62% 0.457 0.403 0.437 0.752 638.44 866.34 607.95% 856.20

Italicized & underlined

data not used in calculating averages
HC, CO, HOm & CO2 are reported in
PMH iz reported in milligrams-mile
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UHIFIED CYCLE TEST RESULTS for TIER 1

TIEE 1 LDVs

VEH # FE-UNF FE-Fhl FE-FPh2 FE-Fh3 T-Temp PM-UNF
OF198VE 20.54 14.95 21.60 15.27 36.1  0.508
OF198Vs 20,47  15.34 21.43 15.16 37.0 1.312
OF198Vs 20,49  15.28 21.43 15.42 35.5 0D.8nz
OF198vs 2060  15.36  21.61 15.3% 37,3 0.000
OF1598vE 20 .64 14.85 21.68 15.70 37,20 1.384
OF1598Ve 27.69  20.8%  29.03  20.76 3g.0  2.106&
OF198Ve 27.62  20.92  28.84 21.25 37.1 0 1.230
OF198Ve 27.56  20.47  28.82 Z21.19 3g.g  0.797
OF198Ve 26.97 19.67  28.30 20.49 37.1 1.004
OF198Ve 26,97 20.07  28.29 Z20.20 35.3 0.717
OF198v9 36,71 28.36  37.98  30.30 36.8  2.288
OF1598v9 36.05  27.60 37.46 28 .86 37.3 1.302
OF198V9 35.91  27.e5  37.32 28.50 37.2  1.589
OF198V9 35.32  27.05  36.79  27.56 36.5  0.434
OF198v9 34,66  27.78 35.92 27.52 35.4  0.939
OF198V19 24.88 19.02 26.00 18.82 3601 2.331
OF198V19 24.53 18.76  25.67 18.39 36.4 1.565
OF198V19 23.93  17.91  24.97 18.85 36.1  1.387
OF198V19 24.12  18.3% 25.21 18.38 34.8 1.087
OF198V19 24.53 19.13 25.54 18.99 36.5  1.159
OF198V19 24.95 18.90 26.06 19.23 35.9  0.824
OF198V21 25.41  19.62 26.49 19.65 367 2.856
OF198V21 24.99  17.%54 26.43 18.17 35.5  1.22%
OF198vV21 25.22 18.84 26.50 18.58 36.0 0.809
OF198v21 24.89  18.81 25.69 Z21.70 36.0  2.107
OF198vV22 27.36  20.17 28.35%  23.34 35.9 0.947
OF198vV22 27.09  19.88  28.47 20.25 36.4 0.676
OF198vV22 2664 20.67  27.76 20.82 36.4 0.537
OF198vaz 25.74  19.60  26.90 19.6% 3601 0.742
OF198V24 19.89 14.63 20.90 14.81 6.2 7,229
OF198V24 19.85 14.55 20.85 14.92 36.7  3.600
OF198V24 19.70 14.74 20.68 14.70 36.7  1.642
OF198V24 19.58 14.45 20.56 14.61 35.5  0.748
OF198V25 22.22 17.54  23.02 17.9%6 36.4  1.968
OF198V2E 22.21  17.96 23.01 17.70 37,3 1.50%
OF198V25 23.22  17.98  23.81 Z21.20 36.2  1.771
OF198V2E 22.82  18.15  23.63 18.36 6.8  1.641
OF198V25 23.17  18.13  23.76  20.97 36.8  0.749

Italicized & underlined data not used in calcul.

TIEE 1 LDTs

VEH # FE-UNF FE-Fhl FE-Ph2 FE-Ph3 T-Temp PM-UNF
Carawvan 18.94 14.36 19.76 14.77 37.3  1.355
Caravan 18.89 14.84 19.67 14.78 36.6 4.593
Caravan 18.94 14.29% 19.74 14.94 37.2 3.37%
Caravan 19.44 15.25  20.25 14.96 38.6  1.868
Caravan 19.28 14.56  20.13 14.98 3g.2  1.225
Caravan 19.40 14.80 20.21 15.13 33.0  5.84%
OF198T18 15.81 11.84 16.58 11.83 40.7 1.632
OF198T18 15.98 11.93 16.69 12.43 36.1  0.000
OF198T18 16.16 12.36 16.89 12.27 36.0 0.000
OF198T18 16.07 12.17 16.80 12.31 36.7  0.000
OF198T18 17.10 12.28 17.22 14.74 36.8  0.660
OF198T18 16.47 12.36 17.24 12.5% 35.8  1.222
OF198T27 16.22 12.4% 16.91 12.5% 3607 B.7e9
OF198T27 16.06 12.30 16.73 12.51 36.2  4.043
OF198T27 16.57 12.57 17.26 13.05 37.1  4.508
OF198T27 16.71 12.64 17.40 13.22 36.2  6.843
P RETEE 17 a7 1iF rE 14 27 i 27 FE T F A7
OF198T29 13.94 10.23 14.63 10.52 6.4 1.265
OF198T29 13.77 9.98 14.47 10.41 36,8 0.e01
OF198T29 13.57 9.80 14.26 10.22 36.8 0.000
OF198T29 13.53 9.86 14.21 10.13 37.4  0.803

OF198T29 13.42 3.8% 14.09% 10.00 38.5 2.602
Italicized & underlined data not used in calcul.
HC, €O, HOmx & CO2 are reported in grs

PMH iz reported in milligrams-mile



REPCE TEST RESULTS for TIER 0 WEHICIES

TIEE 0 1IVs

Vebh #  Teax Hake Hodel Cpl Duisp Odom Fuel Type EC  Trans Srp-Tier Bund HC-REP CO-BEP NO-REP OC2-REF FE-REF  Temp PH-EEP
OFD3BY1 1993 TOWOTA  CORRCLA 4 1.8 20163 FL oWy  TNC  AUTO LDWO BO45 0 252 L16.870 0,176 3202 94 TLET 4.1 1B .48z
OFD9BY1 1993 TOY0TA  CORDILA 4 1.8 20192 FI Oxy TNC  AUTO  LDWQ  BOS0 0.169 5. 518 0.194 309.43  26.39 334 10.514
OFD3BR1 1993 TOTO0TE CORDIIA 4 1.6 20301 FI HomOwy TWNC  AUTO LDW0 8055 0.163 B 188 0.143 30885  7.53 3|/.1 5.374
OFD9BY1 1993 TOYOTA  CORJIIA 4 1.8 20341 PL Bomlwy TWC  AUTO LOWO @0ed 0,177 7.e11 0,216 20474 27,96 .8 LET
OFD3B¥I 1990  HONDA ACCORD 4 1.7 91586 FI KRomOwy THC K5 LO¥0 BOS3 0.233 12.2129 0.577 301.92 27.57 3.1 15.570
OFD3B¥2 1930  HONDA ACCORD 4 2.F SIRd5  FL HomOwy THC KE LDV 803 0. 248 14 3BT 0. 88l FEOD.37 29,32 7.1 3D
OFN3EFE 1930 HONDA ROCORT 4 2.2 92688 FT 0wy  TWS K5 L7 anv7d4 0. 262 13.54¢3 0.622 2370 26.83 7.4 5108
OFM9BY2 1990  HOHDA RCCTRD i 2.2 9lpge PL Owy  TNC KE Lo a0ed 0263 13.604  0.R92 28401 27,11 8.8 4.BE2
OFDIpRa 1591 FORD ESCORT i 1.8 109295 PL  Owy TNC KB LW @106 0.153 2. 661 1.446 201.42  27.99 0.1 14.277
OFD3EYI 1831 FORD ESCORT 4 1.2 109351 FI  Ouy  TNC KE LDv0 8116 ©O.166 4.518 1.859 =01.B9 17.70 9.1 B.9El
OFD3EYY 1991 FORD ESCORT + 1.8 109424 FL Bomluy THC MG Lovo B131 0221 BB 1.385 30514 28.06 3.8 12.19]
OFDapvy 1891 FORD ESCORT 4 1.8 103460 FI Homlmy THC K5 L0 aid2 0.2 6. 521 1.390 30F.68  i7.45 3.8 B33
OFp9pYd 1991 HONDA CIVIC i 1.5 110927 TEI Bowlwy TNC  H LIW0 @097 0.4dd 14.99%  2.173 29260 22.56 B4 48497
OFD3B¥4 1991 HONDA CIVIC 4 1.5 110964 TEI RomOwy THC K4 LDVl H111 0. 355 11.8D5 3. 005 246 36 33,36 3.8 31.838
OFD3BY4 1991 HONDA CIVIC 4 1.5 111030 TEI Ony THC K4 LDV B120 ©0.359 9323 3.101 244.33 33.02 3@.1 25.152
OFBT4 1931 HOHDA CIVIC 4 1.5 111118 TEI Omy  TNC L) L0 8127 0.338 12.645 3,122 Idd. B4 BI1.25 I D £
OFDapR? 1593 FORD TAURDS & 3.8 79183 PI Bomlwy TNC  &UTO LOWO 8197 0,145 11.243 0,798 26283 23.8% /.4 2p17
OFD3BYT 1993 FORD TAUREDS & 1.8 79241 FI RomDwy TNC  AUTO LDWOD B202 0. 146 11.991 0. 764 35253 23,49 2.8 3115
OFD3EY? 1833 FORD TAUREDS & 3.8 79280 PFI Owy TNC AUTO  LIDWQ 8216 ©O.124 9.001 1.D54 3ET.1F  #3.07 8.1 2.871
OFN3ETT 193] FORT TAURDS & 1.8 7viM3 FI Omy TVC AUTO LDV @221 0.1 5104 1.022 357.0L 23.06 43.1 2. @G0
CF09EY20 1892 TOVOTA ChHEY 1 2.2 99112 PI Owy TNC  AUTO LDW0 @476 0.060 4. 920 0.Fl6 21232 25,68 ELTE R
CEQIEY20 1892 TOWOTA CAHEY i 2.2 9eis2 PL Owy  TNC  AUTO LOWO Gd@E 0,053 4,309 0.F43 209040 27.19 0 2.1 3.B2%
CFO9EYI0 1992  TOVOTA CAHEY 4 2.z 88X FL MomDwy TNC  AUTO LDWO BEO2 0. D44 F 814 0.EFE F1E.BR I7.E6 5.8 4108
CEDIEYI0 1992 TUTDTA CAHEY + 2.2 88230 FI HKomlwy TS AUTO LOWD  B5L1 0.DE7 5. 917 0654 31321 27.50 3.1 3.7V
CFD3EY2s 1934 CHEWY  CAVALTER & 3.1 46930 FIL  Owy TNC  AUTO  LDW0 @556 0.141 11.586 0,901 321.5% 25,20 6.8 61.701
CEQ9EY23 1994 CHERY  CANALTER & 3.1 47i0d4 PL Owy TNC  &UTO LDWO @B70 0,101 8.183 0,903 22006Y 25.56  20.1  27.4k0
OF0SEY23 1994  CHEWY  CAVALIER & 1.1 47207 FI RomOwy TWC  AUTO LDWO0 8580 0. 166 11.300 0. B0S 324 57  25.89 37 .4 FH 034
COFD98Y¥23 1994 CHEWY  CAVALIER & 3.1 47285 FIL MomOwy TNC  AUTO LDV B594 0.182 13.664 0.E54 316.69 25.45 37.1 12.563
OF03EveE 1531 SATTRR S0 4 1.9 Y8 FI Owy TNC  AUTO  LTWD A6LB  0.075 4 630 0,510 A& 1% 31,10 a4 15424
CFD9EY2e  19%)  GATITRA =] 4 1.9 4636 PL  Cwy TNC  AUTO LDWO0 @623 0.0F8 4. 928 0. 398 26837 21.02 a7l 10708
CFD98YZE 1931 SATURH =2 4 1.9 34710 FI RomDwy TWC  AUTO LDWOD B35 0O 10  7.41% 0 217 E7¥4.BL 30,34 3.1 1E 082
CFD98V2E 1991 SATURM o] 4 1.9 34771 FL MemDwy TNC  AUTO  LOWOD  BE4d D0 130 E B9 0.263 274 .59 30.74 3.8 19 546
TIER 0 1I¥s

Vah #  Vear Haks Hooel Cpl Disp Odom  Foal Type EC  Trane Srp-Ticr Fund HC-FEP CO-FEF WO-REF OOZ-FEF FE-FEF  Tenp FH-EEP
CFDIETIL 153 FORT EHFLOFER & 4.0 44112 FI  Owy  T9C AUTO LDTO0 8267 0O.044 ¢ 617 0 604 446,04 1904 371 11.521
CFDIETIL 193] FUORD EHFLORER & 4.0 44161 FIL  Owy TNC AUTO LDTO 6230 0.0d4@ 5196 0. 548 45160 18.77 427 9. M6
CEQSETIL 1593 FORD EHFLOEER & 4.0 44219 PL Owy TNC  AUTO LDTO @308 0.028  2.200  0.B20 449.92 19.95  20.4  b. @S9
COFD9STLL 1933 FORD EXFLORER & 4.0 44293 PFL HomDuy TNC  AUTO  LOTOD 8316 0.055 4. 716 0.39% 454 BO 19,19 .4 7907
COFD98TLL 1993 FORD EHFLORER & 4.0 44340 FL HomDwy TWC  AUTO  LOTO  B326 0.080 7. 487 0,461 458,13 14.88 6.1 9.047
CF035T1z 1991 CHEWY ELAZER & 4.3 122759 TEI Bomlwy TWC  aUTO LDTO @293 1,182 36.927 1.514 437.82 17.76 41.1 27 441
CFQ8ST1Z 1991 CHEWY ELATER & 4.2 122415 TEI Bomlwy TNC  &UTO LDT0 @204 0.649 23.304 1.662 4BD.BS  17.57 i5.7  24.822
CFO98TLE 1991 CHEWY ELATER & 4.3 12zEET TEI OWy  TNC  AUTO  LDTO  B3Z1 0. 47E  25.391 1,508 425.07 14,38 6.4 13752
CFD98T1Z 1991 CHEWY ELATER E 4.3 122941 TEI Oxy TNC AUTO LDT0 @330 0.532 25.837 1.316 427.20 18.26 36.4  15.609
OFD3ETLS  15%] JEEF CHERCEEE & 4.0 36323 FI BomOwy TS AUTO LDTO0 8342 0,152 5. 456 0463 514 66 16,95 36,8 5] 922
CFD9ETLE 1993 JEEF CHERCEEE & 4.0 26990 PL BomDwy TUC  AUTO LDTO @351 0. 146 4. 926 0440 SD&. 45 17.24 8.8 57082
COFD98TLE 1993 JEEF CHERCEEE & 4.0 27061 PL Owy TS AUTO LIDTO 8363 O 118 4 270 0. 492 1] HD 401 43111
COFD9ST1E 1933 JEEF CHEROKEE & 4.0 37122 PFL  oOwy TWC  AUTO  LDTO0 8365 0.104 4. 026 0. 505 48037 17.35  41.4 43 GBS
OF035T26 1932 CHENY SUBURBAW & 5.7 63113 TEI Bomlwy TYC  AUTO LDT 4673 0 668 31736 2.795 SB3.64  13.96  37.4 13 166
CF03ET2E 1932 CHEWY  SUBURBAR & 5.7 odiv3 TEl Bomlwy TNC  AUTO LDTO0 6678 0 647 31.70% 2. 662 SE0. 23 14.04 EE B Y (13 )
CFQ9ET2e  19%2  CHERY  GUBUREAH & 6.7 63253 TEI Owy TNC  AUTO  LDTO0  @eRd  0.622  20.038 2,617 EP5.BE6  13.72 2.4 ran
CFDSSTZE 1991  CHEWY  SUBURBAN = 5.7 E3230 TEI OWy TNC  AUTO  LDT0 8628 0.595 F5.3E9 I E49 SB4.D0 13,68 8.1 B.534

% mnderlined dats oot eswd is celeolatisg arecadges
Ho, OG0 HOx. <0l sre an graps-wile=
FH is report=d in milligrams-nile
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OF198YE 1996  FORD  TRURIS

OF13B¥S 1996 FORD TAUREDS 38340 FI oWy  TNC  AUTO LDWL  B1EE 0,115 11.3D& 273 z4E . BE E1.36 33 771
OF19B¥E 1996 FORD TAUEDS 38337 FI  Owy TNC AUTOD  LOWL  B173 0.093 B 932 287 34E . 5D 2176 36 9E9
OF13B%5 159§ FORT TAUEDS 38440 FT Homlwy TWC  AUTO IDWL 8177 0,130 14.056 271 354.1% 156 35 w7
OF1989E 199 FORD TAURDS 20480 PI Bomlwy THC  &UTO LOWL @124 0,110 11 .22 Wy 3E1.6e 21,97 26 174
OF19B¥E 1996  SATURER Ls2 11978 FI RomOwy  THC K5 LDVl  H186 0.12% 3. 807 219 ZET.43  31.41 40 564
OF13B¥E 1996  SATUREM Ls2 12020 FI MonOuwy  THC KE LO%¥1l 8192 0.103 296 57 FIEoAD 31.%3 =7 773
OF13696 1936  SATTRH 52 12nz0 FT Bombwwy TVS K5 L7l @206 0.121 140 2In 2?2 e3 0 L8035 0=
OF198%e 199  GATIRR L5l 12179 PL  Cwz  THC KE Loy @2z 0.0F3 a0 B ZET.TE MLLAR 24 Ba
OF198%e 1996  GATURR 2 12239 PL Oy TNC KB L1 @226 0.0%3 4] 248 2p9.Be  J1.11 W el
OF13BW3 1955 HOKWDA CIVIC E1R3E FI MomOuwy THC KE LOVL 8241 0147 839 171 Z30.8F 3716 =B ELK

OF198¥9 1995 HOHDA CIVIC
OF136%9 1995 HOKDA CIVIC
OF19B%4 1996 HOHDW CIRIC
OF138¥3 1335 HOHD& CIVIC
OFl98Y1l3 1937 CHEWY CAVALILER
CFL3EVLs 1997 CHEWT CAVALTER
CFL9EY1e 1997 CHEYY CAVALIER
OFl9gvla 19397 CHEWY CAVALLER
OFl88W1l3 1937 CHEWY CAVALLER
CFLIETLS 1937 CHERY CASALLER
CFL9EW2L 1997 TOVOTA CaHET
QELEV2L 1997 TOYOTA CaHEY
OFL9EYZIL 1997 TO¥OTA ChHEY
CELIGVZL 1997 TORDTA CAHRY
CFL3aV2E 1996 HOKDA ACCORD
QFLEOV22 1094 HOHDA ACCRD

52636 FL Hombww TS HA LIVl B251 D.115
52760 FI Homimy THC K5 LWL 8258 0.138
E2p27 PL  Omy TNC  HE L%l @2e?  0.115
S5IBE4  FI oWy THC K5 LDVl  H2E1  0.1l6
21286 FI  Owy TUC AUTO  LOVL  B449 0.038
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223%0  PI Owe TNC  &UTO  LDWL 8463 0048 ERE I L a7
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163 23z.92  56.74 36
L16d 231,74 2e.01 27
132 F31.15  36.17 36
31 303.29  27.93 40

22350 FI BomOny TWC AUTO  LDWL 8433 0. DEG 127 304.5%  d.43 37
295 PI  Owy  THC KE IOVl 89?0183
29104 PL Omy  THC  HE LLWi  |BRQ?  0.123
Z31e5 PL Momluy THC Ks Lowl 8517 0.1=0
23203 FL BomDey THC K5 Liwl @523 0137
29685 FL Homlmy THC K5 LDWL @520 0. DE3
29920 PL Boalwy THC KB LL¥L @623 0.DsE

196 290,60 4.4 a7
Le00 284,20 29,29 25,
29 =0z.1% 4.58 £}
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071 23301 AL a7
L0ga 28261 29.48 6.
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OFL98YZE 1938 HOHD& AOOORD 3928 FIL Ouy THC K5 LOVL #5323 0. .0&5 166 115 =90.6L1 ¢d.83 a7 BES
OFL98Y2Z 19396 HOHDA ADCORD 3011s FIL Oy THC K& LOVL g544 0.103 9z9 0oo0 304.73 27.00 36 976
OFL3EY2d 1995 POHTIAC BONMEVILLE 436817 FI HomOwy TWC  &UTD  LDW®L @561 0,106 54 516 369.7%  #1.od &0 4 .035
CFL9ev24 199 POHTIAC BONHEVILLE 11877  PI Homfws THNC AUTD LOWL AGRGe 0040 47 TR 3R 1182 L) 224807
COFLEEYZ4 1995 FONTIAC HONHEVILLE 431328 FIL Oy TNC KOTO 1DVl g585 0. 044 739 T3 35T7.139 £1.71 k] 5.207
COFLEEY2L 1995 FONTIAC HONMEVILLE 43935 PI Ouy THC A0 vl #5290 0. 04E 3.401 993 3E5.329 21.13 k] 7.077
QF198V25 1996  SUBARD LEZACY 19383 PI  Omy THC AUTO  IDW1 4600 0.277 18 424 01 370 171 36 20.4927
GFL98W2E 199 GUBAR] LECACY 1946 PI thee TS AUTD LDWL @606 0 248 10 27 18 e B4 22 80 a? 1h 464
GFL98Y25 199 SUBAR] LESACY 19521 PI HomOwy THC  ATTO  IDW1 @613 0.278 16.104 218 300021 231.34 Ex) 10 541
OFL9EYZIE 1938 SUBARO LECACY 19520 PIL HomOuy THC AITO LOVL g6 0.275 15.200 315 351.0%9 231.81 3B L4.767
OFL38¥25 1936  SUBARD LEGACY 19638 FI HBomfmy TYC AUTO  LDW1 4640 0.258 17 212 324 352.FF 11.32 37 11.401
TIER 1 1IT=

Vmh #& T Habm Heoodm 1 Cyl Dawp Odew  Fuml Type EC Tranx Srp-Tims Bund HC-REP OO-REF WO-REP OOZ-FEF FE-FEF Tanp FH-REF
OF196T0 1597 TODGE CARAVEN & 3.0 &Ry FL Owy  THC AUTO LOTL 6092 0,212 12,471 0.130 395.04  Z0.46 4d.4 10 765
OF198T0 1997 IODGE CARAVEN & 1.0 Fe9% PL ey TNC  AUTO LDTL @102 0.170 B.d93  0.216 297.44 20.94 = | 7. h&2
OF19BTO L1337 I00GE CARAYARN & 3.0 FI95 FL Oy TN AOTOD LDTl Blz@ 0.217 10.378 0.130 39%. 58 en.7e 30.1 11.91&
OF198T0 Las7 IDLGE CAEAVAN & 1.0 BO4D PI HomOwy THC  AUTO 10Tl Bl48 0.231 13.109 0.135 40z2.04 20.95 42.7 9.802
OF196T0 1597 TIODGE CARAVAN & 3.0 B807% PL Bomlwy TOC ATTO  LDTL 8153 0.177  7.9%6 0,163 401 .62 71.40 42 .4 5,727
OF198T0 1997 TODGE CARAVEAN & 3.0 p1gd PI Romlhwe TUC  ATTO LDTL @163 0,224 13.669 0,189 40022 20.01 1 0.5
AFL98T18 199a FORD ENFLORER & 4.0 31724 PI Oy TS ATTD IDT1I @400 O.048 2,931 0.1 48925  14.09 268 14.714%
OFL9ET1E 1938 FORD EXFLORER E 4.0 33TES FIL Ouy THC AITO LOTL d410 0O.042 2.321 0.538 465.BL 13.Z6 36.3 T.6E3
GFL98T1a 1996 FORT EXFLCRER & 4.0 33640 PI  Omy THC ATTO  IDTL 8420 0.032 1.853 0.798 469 3% 14.15 3/ B.473
CFLIETLE 1996 FORD EHELCRERE & 4.0 33312 FL Bomlwy TNC  AUTO LDTLI 8437 0,060 4. 354 0453 476,14 14,26 8.8 12.553
GFL98T18 199 FORT: EHFLORER & 4.0 319568 PL HooOwy THC  &UTO LDTI Add2  0.D37 2 671 0.208 472.14  14.83 il .4 .71
OFLSET1E 19398 FORD EXFLORER & 4.0 Z40Z3 PI HonmDuy TNC  AUTO 10Tl d454 0. D0=0 2.32012 0233 470.7= 13.71 1.4 9. 2393
OFLBET2? 1996 CHERY ELATER & 4.2 43&l0 PI Oy ToC ATO IDTl S8y O 007 L AN AT AN Sy JIFE N I LA IR
GFL98T2? 1996 CHEWY EL&ZER & 4.3 42675 FIL Oy THC AUTD LDTL 6656 0,121 6. 340 0.445 47745 17.54 8.8 29.397
CFL98T27 1994 CHENY EL4TER & 4.2 42738 PL Bomteey THC  &UTO  LDTL  @ee2  O.118  F.054  0.451 472,36 14.12 M. 29.220
OFL38TZT 1938 CHEWY ELATER -] 4.2 43730 FIL RomOwy THC AUTO LOTL HBE7  0O.028 4. 037 0.313 489.5% 14.64 28 .4 L7.530
OFIERRE JR8r SRy SREATERAN §F &4 JLARLT A Meebep JTRC 4T LOND SERF L AIF L AR LS ST LA EF 5 o JIF N
CFLIET2S 1937 FORT: EAFELITION & 5.4 14076 FI BomlPew 2TRC ATTO  LIETL 4701 0.021  1.301 0 458 552.3% 15.94 374 t 870
CFL98T29 1997 FORD EXPEDITION 2 &.4 14123 PI Romlwe 2TUC &0TO LDTL @706 0.016 1.348 0436 SR1.33  1s.03 X | B d19
GF198T29 19497 FORD EXPEDITION 2 6.4 14181 PI Owy ITWC APTOD  IDT1  @P12 0.025  2.650 0.471 54695 15.G8 X I
OFLBETZS 1957 FORD EXPEDITION 2 5.4 14Z58 PFI Ouy ITAC  AUTO 10Tl g717 0. 0zZ0 1. 808 0.276 E49.11 15.53 231 B 4ed
GFL98T2? 1937 FORT: EXIFECITION & 5.4 14314 PI  Omy 2TWC ATTO  IDTL 4722 0.022 1.775 0477 S552.95  15.42 37 6.953

Italicized & underlimed data oot wsesd in calculating averages

Ho, GO, Hdw, 0 are in scanssmals
FH iz reported ib ailligrams-mwila
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APPENDIX G

TEST STATISTICS for the
FEDERAL TEST PROCEDURE, UNIFIED CYCLE,

and REPO5
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