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ABSTRACT

Minnesota Statute 239.791 Subd. larequiresthat on
August 30, 2013, gasoline sold in the State of Minnesota
shall contain at least 20% denatured ethanol by volume.
If on December 31, 2010, however, it is determined that
20% of the State’ s gasoline volume is ethanol, then this
provision expires. 1f 20% volume replacement is not
achieved by 2010, then the 2013 requirement becomes
effective provided the United States Environmental
Protection Agency (US EPA) certifies E20 by December
31, 2010. In order to use E20 in non-Flex-Fuel vehicles,
it will be necessary that the US EPA certify E20 as a mo-
tor fuel through awaiver under section 211(f) (4) of the
Clean Air Act.

In order for E20 to be certified by the EPA, five main
areas of documentation must be presented in the process
of application for their consideration: driveability, mate-
rial compatibility, emissions, exhaust and evaporative
emission control systems durability, and health effects.

Three complementary projects were commissioned in
pursuit of thiswaiver: (1) the current project, ayearlong
demonstration and driveability project at the University
of Minnesota (UMN), Twin Cities; (2) amaterials com-
patibility project that is nearing completion at Minnesota
State University, Mankato; and (3) apreliminary emis-
sions study that is nearing completion by the Renewable
Fuels Association (RFA). Additional emissions testing,
emission systems durability and health effects testing will
require more work and will be addressed at the conclu-
sion of these studies.

In pursuit of the EPA waiver, the State of Minne-
sota contracted the University of Minnesota to conduct
adriveability evaluation of avehicle test fleet consisting
of 80 university vehicles, comprising 40 pairs of similar
vehicles with similar usage patterns. One of each pair
of vehicles was fueled with the baseline fuel for the test
program (EO) and the other was fueled with the project
test fuel (E20). Vehicledrivers were asked to complete
daily log sheets indicating any driveability problems that
occurred. These lay driver evaluations were compiled
throughout the study along with maintenance and fuel
consumption data. In addition, trained vehicle driveability
raters were contracted to conduct industry standard drive-
ability tests on a subset of the vehicle fleet, with atest
seriesin each season: fall, winter, spring, and summer.

Although some differences in performance were
observed between vehicles fueled by EO and E20 by
both lay drivers and trained raters, the differences were
small, inconsistent, and not statistically significant. Minor

mechanical failures occurred but they are not believed to
be fuel- related. The difference between the fuel con-
sumption of matched pairs of EO and E20 vehicles was
very small and not statistically significant. In summary,
no significant differences between paired EO and E20
vehicles were observed in driveability, reliability, or fuel
economy.

I. INTRODUCTION

Minnesota Statute 239.791 Subd. larequires that on
August 30, 2013, gasoline sold in the State of Minnesota
shall contain at least 20% denatured ethanol by volume.
If on December 31, 2010, however, it is determined that
20% of the State’ s gasoline volume is ethanol, then this
provision expires. Thisvolume replacement could be ac-
complished by an average of the increased use of E85 and
E10 blends, but that would require alarge increase in the
use of E85 vehicles. If 20% volume replacement is not
achieved by 2010, then the 2013 requirement becomes
effective provided the United States Environmental
Protection Agency (US EPA) certifies E20 by December
31, 2010. In order to use E20 in non-Flex-Fuel vehicles,
it will be necessary that the US EPA certify E20 as amo-
tor fuel through awaiver under section 211(f) (4) of the
Clean Air Act.

In pursuit of the EPA waiver, the State of Minne-
sota contracted the University of Minnesota to conduct
adriveability evaluation of avehicle test fleet consisting
of 80 university vehicles, comprising 40 pairs of similar
vehicles with similar usage patterns. One of each pair
of vehicles was fueled with the baseline fuel for the test
program (EO) and the other was fueled with the project
test fuel (E20). Vehicle drivers were asked to complete
daily log sheets indicating any driveability problems that
occurred.

The starting date for the project was initialy sched-
uled for March 15, 2006; however, due to delaysin final-
izing the contracts, the project was not started until May
24, 2006. The complete driveability study required just
over one year to complete.

The underground fuel tanks at the UMN Fleet Servic-
esfacility were emptied, cleaned, and filled with the two
fuels (EO and E20). Thedrivers of the 80 test vehicles
were issued new fuel keys, or “chips,” which gave them
access to only the appropriate fuel for their particular
vehicle. Fuel usage was e ectronically monitored.



Drivers were asked to complete adaily vehicle
driveability log sheet. The log sheets were collected and
reviewed each week. Driver training meetings were
scheduled at various times early in the project to explain
the project itself and completion of the log sheets. The
drivers were requested to attend one of the meetings at a
convenient time for them. Instructions, procedures, and
definitions were discussed at the training meetings. Ap-
pendix A shows the instruction sheet given to the drivers.

In addition to the driveability evaluations by the lay
drivers, professional driveability raters evaluated a subset
of anominal twelve pairs of vehicles over four separate
Seasons.

Il. SUMMARY AND CONCLUSIONS

The principal results of the thirteen-month University
of Minnesota E20 fleet demonstration and driveability
evauation are listed below. The vehicle test fleet consist-
ed of 80 university vehicles, comprising 40 pairs of simi-
lar vehicles with similar usage patterns. One of each pair
of vehicles was fueled with the baseline fuel for the test
program (EO) and the other was fueled with the project
test fuel (E20). Vehicle drivers were asked to complete
daily log sheets indicating any driveability problems that
occurred. These lay driver evaluations were compiled
throughout the study aong with maintenance and fuel
consumption data. In addition, trained vehicle drivability
raters were contracted to conduct industry standard drive-
ability tests on a subset of the vehicle fleet, with atest
seriesin each season: fall, winter, spring, and summer.

* Anaysisof vehicle driveability data generated by
the lay driversreveals that seasonal performance
differences between EO and E20 are inconsi stent
and not statistically significant. All statistical test-
ing is based on the requirement of a 95% confidence
level.

* Anaysisof vehicledriveability evaluations per-
formed by the trained raters shows that seasonal
performance differences between EO and E20 are
not statistically significant at the 95% confidence
interval.

e Thetrained raters’ evaluations show that there is not
asignificant difference in performance between EO
and E20 throughout the year when exposed to the
extreme cold and heat of Minnesota weather.

e Thetrained raters evaluations also show that both
EO and E20 performed the worst in the winter.

»  Study of the maintenance records of the forty E20
test vehicles reveal thereto be two instances of

vehicle operability failure. In one case, the fuel
system pressure regul ator failed and, upon inspec-
tion, it was determined to be afairly common
hardware-related problem. The other caseinvolved
the electronic control unit.

* The properties of the EO and E20 fuels used in the
program were monitored through regular testing.
The main properties are summarized below:

o Ethanol content of the nominal E20 fuels
ranged from 18.7 to 22.8 volume % through-
out the thirteen-month vehicle driveability
study.

o Thedriveability index (DI) of the E20 fuels,
adjusted for actual ethanol content, ranged
from 973 (winter) to 1046 (summer). The
DI of the EO fuels ranged from 1042 (win-
ter) to 1199 (summer). ASTM specifica
tions for Minnesota call for DI maximums
of 1200 during winter and 1250 during sum-
mer.

o TVL20s of the E20 fuels ranged from 104°F
(winter) to 127°F (summer), whereas the EO
fuelsranged from 106°F (winter) to 142°F
(summer). ASTM specifications for Min-
nesota call for TVL20 minimums of 105°F
during winter and 124°F during summer.

o T50s of the E20 fuels ranged from 155°F
(winter) to 159°F (summer), whereas the EO
fuels ranged from 192°F (winter) to 220°F
(summer). ASTM specifications for Minneso-
tacall for T50s of 150°F minimum and 230°F
maximum during winter; and 170°F minimum
and 250°F maximum during summer.

lll. TEST VEHICLES

For the test fleet, 40 pairs of vehicles were chosen
from UMN Fleet Services. The vehicles were chosen as
pairs of the same year, make, and model that would have
similar usage patterns.

There were no carbureted vehiclesin this program,
but hybrids were included. The vehicle model years
ranged from 2000 to 2006. Engine displacement ranged
from 1.5to0 8.1 liters. Starting odometer reading ranged
from 2,271 to 44,753. The fleet consisted of 14 passen-
ger cars and 66 light-duty trucks or vans. Vehicles were
manufactured by DaimlerChrysler, Ford, General Motors,
and Toyota. A complete description of the 80 vehiclesis
presented in Appendix B.



IV. TEST FUEL

The study and analysis of fuel characteristics are
an integral component of afuel by vehicle driveability
research program. Indeed, vehicle driveability perfor-
mance is directly related to fuel volatility characteristics.
The Minnesota — Renewabl e Fuels Association E20 Fuel
Research Program includes a one-year study of the cor-
relation between vehicle driveability demerits, or lack
thereof, fuel volatility measurements and ethanol content.
Specifically, fuel volatility characteristics can predict
whether or not the fuel will provide optimum vehicle
driveability.

The vehicle driveability study utilized two fuels,
one containing 0% ethanol and the other fuel containing
nominal 20 volume % ethanol. The EO fuel was commer-
cially available hydrocarbon-only, regular octane grade
gasoline. The E20 fuel was comprised of commercially
available E10 up-blended with ethanol to E20.

The automotive and petroleum industries have con-
ducted and continue to conduct fuel volatility research
programs. Excellent vehicle driveability is demanded by
consumers and is the driving force for auto-oil coopera-
tiveresearch. Fuel volatility is defined by a combination
of measurements obtained by precise analytical testing.
Tests include distillation, vapor pressure, vapor-liquid
ratio and driveability index. Complete volatility specifi-
cations are detailed in ASTM document D 4814, “ Stan-
dard Specification for Automotive Spark—Ignition Engine
Fuel.”?

Various portions of the gasoline distillation curve
have been correlated with engine performance. For
example, vapor pressure and the initial approximately 5%
(al percentages are volume based) distilled are related to
acceptable cold start, the next 15% distilled is associated
with cold driveaway and warm up, the next 35% impacts
hot start and hot driveaway, the remaining approximate
45% is associated with higher energy content and fuel
economy. A more comprehensive discussion is presented
in Chevron Products Company document “Technical
Review of Motor Gasolines.”?

In addition to distillation requirements, there are
additional volatility-related specifications. Two of these
specifications are adjusted throughout the seasonal chang-
es of the year and are referred to as driveability index and
vapor-liquid ratio.

Driveability index is a predictive measurement as-
sociated with acceptable cold engine start-up and drive-
away at low temperatures. Driveability index (DI) is
derived from an empirical mathematical model which
incorporates distillation temperatures at which 10%, 50%,

and 90% volume are evaporated (distilled). Driveability
indices are adjusted seasonally. A fuel possessing a Dl
less than the seasonal maximums specified within ASTM
gasoline specifications would be expected to provide
greater assurance of acceptable vehicle cold-start and
driveaway.

Vapor-liquid ratio is also adjusted throughout the sea-
sons of the year, and it is ameasure of gasoline vaporiza-
tion at a given temperature. It is commonly expressed as
TVL20, the temperature at which the fuel forms twenty
volumes of vapor per one volume of liquid. Seasonal
TVL20s are a so specified within ASTM gasoline specifi-
cations. TVL20 is associated with acceptable hot engine
start-up and driveaway during hot ambient temperatures.
A TVL20 greater than that specified within ASTM gaso-
line specifications would be expected to provide greater
protection against fuel system vapor-lock-type opera-
tional problems.

In summary, the more important gasoline volatility
characteristics are T10, T50, T90, DI, and TVL20. These
characteristics of the test fuels are discussed below. The
reader should be aware the preceding discussion does not
represent the entire consideration of fuel volatility charac-
teristics and analyses. Rather, it is a snapshot of several
of the more important volatility quality measurements of
the fuels.

Throughout the nominal one-year vehicle drive-
ability study, the UMN Fleet Services Facility received
24 deliveries of EO and 10 deliveries of E20. The fuel
shipment dates are presented in Table 1, and the ASTM
fuel specifications are detailed in Table 2. Tables 3aand
3b present T10, T50, T90, DI, and TVL20 anayses of EO
and E20 fuels as reported by the Minnesota Weights and
Measures Laboratory. Tables 44, 4b, 4c, and 4d pres-
ent the subject inspections of a number of fuel samples
from tankage after drops of the shipments of E20 and EO,
both delivered on the same date or very close to the date
of the E20 deliveries. Table 4a presents averages of the
inspections for the fall of 2006, Table 4b for the winter of
2006/2007, Table 4c for the spring of 2007, and Table 4d
for the summer of 2007.

Samples of the fuels used in this program were col-
lected regularly for analysis. Each of the fuelslisted in
Table 1 were analyzed for the following characteristics:
distillation curve, vapor pressure, TLV 20, content of
ethanol, MTBE and benzene, and density. API gravity
and driveability index (DI) were calculated; the former
from density, and the latter from the distillation curve.
An adjusted DI was calculated for the E20 fuel using the
distillation curve and ethanol content. Initialy, the fuel
analysis did not include the TVL20 measurement. The



testing agency, the State of Minnesota Department of
Commerce, Weights and Measures Division, did not ini-
tially have the equipment for this test and had to purchase
and install it. Thisdelayed the TVL20 measurements by
about nine months. The backup fuel sample from each

of the shipments was retained in dark refrigerated storage
for eventual testing; however, those stored samples might
have lost some volatility over time.

The distillation curves are plotted in Figures 1 and
2 for E20 and EO fuels, respectively. Figure 1a shows
curves for each of the E20 fuels tested, while Figure 1b
shows average curves for summer, Class A and winter,
Class D and Class E fuels. Also shown are the ASTM
standards for Class A, D, and E fuels. Fuelsarerequired
to have distillation temperatures below the standard
temperature at 10% (T10) and 90% (T90) evaporated and
between temperature limits for 50% evaporated (T50).
The E20 fuels shown in Figure 1a all meet T10 and T90
standards, but all the summer fuelsfall below the Class A
lower T50 limit of 170°F; that is, their midpoint volatil-
ity istoo high. All the EO fuels shown in Figure 2a meet
these standards.

The detailed results of the fuel analyses are shown
in Tables 3aand 3b. Also shown arethe ASTM require-
ments for T50, DI, vapor pressure, and TLV 20 cor-
responding to each delivery date (Class A, C, D, and E
fuels). The cells highlighted in cyan indicate results that
are out of specification by more than 1% conditions. The
sampleslisted in red in Table 3awere compromised. For
sample 33768 (11/22/06), the test started before the test-
ing laboratory was rel ocated, and most of the sample was
lost. For sample 33769, the sample cap came off before
testing. The lower part of Table 3a shows the classes of
TVL20 for vapor lock protection and the monthly require-
ments for Minnesota. The TVL20 temperature should not
fall below the values indicated; therefore, TVL20s that
were higher than specified would be expected to provide
greater protection against fuel system vapor-locking
problems.

Examination of Table 3 shows that the T50 values
for al the summer E20 fuels fell below ASTM (Class
A) specifications. Thisis also apparent from the plots of
Figure 1. Total vapor pressure and Reid vapor pressures
of most EO and E20 samples were above the specification,
also indicating excessive fuel volatility for that time of
theyear. TVL20 valuesfor most of the E20 fuels were
borderline, and two samples were below the standard.

Table 3 aso shows driveability indices calculated in
two ways. The traditional calculation was devel oped for
hydrocarbon-only gasoline and bases the index entirely

on the ASTM distillation curve. Here, DI isdefined as
follows:

DI =1.5*T10 + 3*T50 + 1*T90

The addition of ethanol tends to increase the volatil-
ity of the fuel and depress T50. To compensate for this, a
driveability index has been developed from CRC research
programs applicable for ethanol blends up to E10. Itis
given by:

DI =1.5*T10 + 3*T50 + 1*T90 + 2.403*vol%EtOH

Although the above-modified DI equation has not
been validated for ethanol blends higher than E10, it
should still be better than the hydrocarbon-only DI for the
E20 blends. For the EO blends, the DI has been calcu-
lated utilizing the hydrocarbon-only DI equation. For the
E20 fuels, DIs have been calculated utilizing both of the
above-described driveability index equations. There-
ported driveability indices for the E20 fuels which contain
the ethanol term are calculated utilizing the modified DI
equation and the actual ethanol content of the E20 fuels.
These are shown in Table 3. It isrecommended that DI
for Minnesota not exceed 1250 in warm weather and 1200
in cold weather. All fuels tested meet these standards.

Table 3 also shows the ethanol and benzene content
of the fuels. The EO fuels were ethanol-free, and the E20
fuels ranged from 18.7 to 22.8 volume % ethanol. Ben-
zene content of the EO fuels ranged from 0.7 to 2.2 vol-
ume %, and for the E20 fuelsfrom 0.8 to 1.1 volume %.

Caution must be exercised to fully understand the
discussion of fuel analyses. The EO and E20 fuel sam-
plestested and recorded in Tables 3 and 4 represent the
product of commingling the fresh gasoline pumped into
the underground storage tank with each new fuel delivery
plus the gasoline remaining in the tank from previous
loads. Each tank was then sampled through the dis-
penser hose after the commingled fuel had been alowed
to purge the dispensing system of the residua fuel asit
existed before the delivery. This commingled fuel as
tested then represents the fuel that would be used in the
vehicles subsequent to each delivery. The commingled
fuel, therefore, would not necessarily be expected to meet
specifications as would the fuel dropped fresh at each
delivery event. UMN Fleet Services effortsto minimize
commingling by way of inventory control were persistent
throughout the study so that the vehicles were operating
to that extent possible on appropriate seasonal volatility
fuels. These characteristics might suggest hot-weather
driveability problems not necessarily related to the
ethanol content, but to the trailing volatility of the gaso-
line portion of the fuel caused by the relative infrequent
deliveries of the E20.



The effects of the above described commingling are
revealed upon study of the fuel volatility characteristics.
For example, the significant drop in vapor pressure of the
E20 fuel following the 3/28/07 fuel delivery should be
noted. It isthisfuel which wasin the test vehicles during
the trained raters' driveability evaluations which occurred
4/14/07. Attention is also directed to the volatility char-
acteristics of the E20 fuel evaluated by the trained raters
during the summer and yet represents the higher vapor
pressure, cold-weather volatility fuel which was delivered
during May. The preceding represents but afew exam-
ples of the importance of sampling and analyzing the EO
and E20 fuels exactly representative of the respective fuel
dispensed into the test vehicles and asiit relates to analysis
of fuel by vehicle driveability analyses.

A study of the fuel inspections presented in Tables 44,
4b, 4c, and 4d reveals ASTM specification failures for the
E20 fuels as measured by T50. Such was not unexpected.
The primary technical concern was related to a spark-
ignited automotive motor fuel containing 20 volume % of
asingle boiling point component, ethanol. It was known
the continuum of a hydrocarbon-only gasoline distilla-
tion curveisinterrupted with 10 volume % ethanol. The
continuum would be expected to be disrupted to a greater
degree with 20 volume % ethanol. This pronounced
disruption occurs beginning approximately at the T20
point up to and including the T50 point. The correspond-
ing “flattening” of the distillation curve occurs beginning
at approximately 125°F up to approximately 160 — 170°F.
The ethanol (boiling point 173°F) thus significantly
depresses T50. The depression of T50 for the E20 fuels
isreadily apparent as graphically presented in the distil-
lation curves contained in Figures 1aand 1b compared to
the curves for the EO fuels shown in Figures 2a and 2b.

V. TESTSITE

The lay drivers went about their normal routines
while driving the test vehicles such that there was no par-
ticular test site for that portion of the program. Much of
the normal vehicle operation took place on the University
of Minnesota’' s Minneapolis and St. Paul campuses, with
low miles and frequent engine starts and stops. Several of
the vehicles involved were part of UMN Fleet Services
rental pool and could have been driven essentialy any-
where. The temperatures recorded on Figures 5a, b, ¢ and
d were measured inside city limits at the Minneapolis/St.
Paul campus of the University of Minnesota where most
of the lay driverslogged their miles.

For the evaluations by the trained raters, an ac-
ceptable “test track” was required. A closed course was
necessary where the 20 vehicles could be parked over-

night safely, and the test track needed to be immediately
accessible to the parked vehicles to allow cold engine
driveability to be evaluated. The initial test site used for
the fall rating session was located in Arden Hills, Min-
nesota, and was being used by the Minnesota Department
of Transportation (MnDOT) for training, along with Ram-
sey County and others. The property was owned by the
Minnesota National Guard. There was a straight section
of paved roadway that is slightly over ahalf-milelong. It
was rougher than desired, but had no significant potholes
or other characteristics that significantly interfered with
the testing.

Because of the rough pavement at the MnDOT facil-
ity, several alternate test sites were investigated, and the
UMN’s UMORE campus in Rosemount, Minnesota, was
selected and used for the final three seasonal evaluations
by the trained raters. Since the trained rater evaluations
were located at test sites in the suburbs well outside the
city limits, portable temperature recording devices were
used to record local ambient temperatures during the
overnight soak periods and the driveability test maneu-
vers.

VI. TEST PROGRAM

A. Test Procedure

The procedures for the lay drivers were explained
during the drivers' training meetings conducted but weeks
after the test fuels were introduced into the vehicles. Four
different meeting times were scheduled so that driv-
ers could choose the most convenient time to attend the
meeting. Terminologies and definitions of malfunctions
were based upon CRC Report Numbers 6383 and 6484,
but were slightly modified to make it easier for the drivers
to complete the log sheets and to avoid putting drivers
at risk intraffic. During the training meetings, all the
drivers were asked if they had noticed any change in the
operation of their vehicles compared to the normal fuel
(E10) they had used. Driversdid not report noticing any
difference in vehicle performance.

For the trained rater evaluations, the test techniques
were used as described in the CRC reports3,4. This
included an overnight cold soak for the vehicles during
thefall, winter, and spring sessions, and a pre-test vehicle
warm-up and three hot soaks during the summer testing.

B. Fueling

There is an automatic fueling system at UMN Fleet
Services that allowed the driversto fill with only the as-
signed fuel for the vehicles they were using. This ensured
that no vehicle could be filled with a different kind of fuel



other than the rental vehicles driven to another location
and requiring an emergency fueling.

C. Log Sheet

Feedback from the lay drivers was collected, re-
viewed, and entered into the database weekly. This
included the date, odometer reading, idle quality, and
driving quality for both cold and warmed-up conditions.
Daily climate data from the UMN St. Paul Campus Cli-
matol ogical Observatory website were also entered.

VIl. DISCUSSION OF RESULTS

A. Lay Driver Data Analysis

Table 5 shows a sample log sheet that the lay drivers
were asked to complete. The log sheets were collected
and reviewed weekly. Driver training meetings were
scheduled at several times early in the project to explain
the project and completion of the log sheets. The drivers
were requested to attend one of the meetings at a conve-
nient time for them. Instructions, procedures, and defini-
tions were discussed at the training meetings. Approxi-
mately half of the drivers attended a training meeting.
During the training meetings, al the drivers were asked if
they noticed any change in the operation of their vehicles
during the previous month, especially those who had
filled with “test” fuel (E20). None of the drivers reported
any initial driveability issues.

Table 6 shows the frequency of the lay driver feed-
back measured on adaily basis. Because some of the
vehicles were being operated seven days aweek (al-
though by different drivers), the number of responses
was divided by the number of days assuming full seven-
day weeks in the specific season. The lay driver survey
covered thirteen months; thus, the extra month of testing
in the summer of 2007 was added to the summer of 2006
and presented in the summer category. This method was
used throughout the tables and figures for the lay driver
data. The lay driver response rate for completing the log
sheets was disappointing throughout the thirteen-month
vehicle driveability study, averaging 30 — 40%.

Table 7 details the responses to the driver surveys
submitted through the middle of August 2007. Many of
the vehicles for which events had been reported earlier
in the program did not report any events after about the
middle of the fall season, while some other drivers started
turning in their log sheets later in the program. In ad-
dition, there were drivers submitting their log sheet for
agroup of weeks at one time, instead of on aweekly
basis. Table 8 summarizesthe lay driver response rates

for completing the log sheets. Results are shown only for
vehicles for which both vehiclesin the vehicle pair have
submitted responses during a given season. The overall
fractional rates for the thirteen-month study were disap-
pointingly low, 32% and 39% for EO and E20 vehicles,
respectively.

The results of the driveability evaluation log sheets
were converted to anumerical scoring system to alow
guantitative analysis of the results. Table 9 shows the
scoring values used, which are the same values for both
acold and warm engine. All the dates were categorized
seasonally to calculate the averages and 95% confidence
intervals. summer (July through September 2006 and
2007); fall (October through December 2006); winter
(January through March 2007); and spring (April through
June 2007). Table 10 presents the results after they were
converted to the numerical scoring system. Statistical re-
sults have been calculated in two ways. In thefirst, all of
the reported demerits for a given season and fuel are used.
Thisis the count-weighted method. This method, how-
ever, may be biased in that the drivers of some vehicles
reported the same problems over and over, while for other
vehicles which may have had similar problems, reports
were not submitted as often. Thus, vehiclesin which the
drivers were more diligent in completing reports will be
more heavily weighted. In the second method, the aver-
age demerits for each vehicle are calculated and statistics
are based upon performance of individual vehicles. This
is the vehicle-weighted method. Table 10aand Figure 3
show the averages and 95% confidence intervals based
on count-weighting, while Table 10b and Figure 4 show
the corresponding statistics using the vehicle-weighted
method. Table 11 listsindividua vehicle averages, as
well as the number of reportsincluding those turned in,
but reporting no events.

Table 10 and Figures 3 and 4 show that seasonal
performance differences between EO and E20 determined
by the lay driver surveys are inconsistent and, except for
two cases, not statistically significant. For example, on a
vehicle-weighted basis, EO performs less well than E20
during the fall and winter seasons, while the reverseis
trueif the count-weighted basisisused. Thisillus-
trates the limitations of using evaluations of drivers
not specifically trained in driveability evaluation. On
the other hand, the inconsistency and lack of statisti-
cal significance suggests that differencesin perfor-
mance of the two fuels were not great. There was no
“smoking gun.” Itisstill useful, however, to consider
individual driveability events.



B. Driveability Events

The overall response rates are summarized in Table 8.
The total number of vehicle drivability events reported is
1,342 for EO and 1,355 for E20, with more events re-
ported for EO during the spring, summer, and winter, and
more for E20 during the fall. None of the vehicles used
an engine block heater during the project. Figure 5 shows
daily temperatures for these periodsto help interpret the
results.

Throughout the project, only two vehicles had a
check-engine light illuminate. One was Vehicle License
Number 911297, which ran on E20. The fuel pressure
regulator failed; however, the shop manager does not
believe this was due to the fuel being used. Heindi-
cated thisis acommon hardware failure for that specific
make and model. The other vehicle was License Num-
ber 914209 which aso ran on E20. It appears that mice
had eaten the wiring around the Electronic Control Unit
(ECU).

C. Trained Rater Evaluation

To assist in scientifically validating the test, trained
driveability raters evaluated a subset of anominal twelve
pairs of vehicles over four separate seasons. Although the
program began in the summer of 2006, the first test ses-
sion with the trained raters was held in the fall, on Octo-
ber 21, 2006. The winter test session was conducted on
January 20, 2007, the spring test on April 14, 2007, and
the summer session took place on July 28-29, 2007.

The trained rater evaluations used industry-recog-
nized procedures and practices developed and used by the
Coordinating Research Council (CRC). It must be clearly
understood; however, that CRC is not associated with the
Minnesota — Renewable Fuels Association (MN-RFA)
E20 Research Program, has provided no funding, and has
not reviewed or endorsed the MN-RFA E20 Research
Program.

Vehicle driveability evaluations were performed by
two trained raters using a cold-start and warm-up drive-
ability procedure3 during the fall, winter, and spring test-
ing. A hot-start hot-fuel-handling procedure4 was used
during the summer testing. Because hot-fuel-handling
testing requires long soak times within the test, two days
were needed for the summer testing. The trained raters
are knowledgeable and experienced with vehicle drive-
ability testing.

Of the nominal twelve pairs of vehicles assigned for
driveability testing, one of each pair was operated on EO
and the other was operated on E20. Each vehicle was
assigned to the same rater throughout four seasonal tests.

10.

Because of the logistical difficultiesin making these same
vehicles available for al four testing sessions, there were
some substitutions and omissions during each testing
session; however, there is a core set of paired vehicles
that were tested in all four testing sessions. Three ve-
hicles that were tested during the fall session were sold
and replaced with vehicles of the same make and model.
The replacement vehicles had already been part of the
overall 80-vehicletest fleet. Thelist of vehicles tested
and in which of the four sessions they were evaluated is
presented in Table 12. Fuel samplesfor analysis of etha
nol content were taken from the fuel tanks of randomly
selected vehicles during the spring and summer trained
raters’ evaluations. The results of these analysis are listed
in Tables 13 and 14.

The timing of the fall session was scheduled to take
advantage of ambient temperaturesin the 30°F — 40°F
range since this can potentially be a critical calibration
range for vehicles. Somewhere in this ambient tempera-
ture range, vehicles typically adjust their calibration from
being enriched to operate in cold weather to operating in
aleaner condition for warmer weather. This 30°F — 40°F
rangeis often called a*“ shoulder temperature,” because of
its position on the edge of both types of calibration. The
fall testing all took place within atight optimal 34°F —
36°F band.

The goal for scheduling the winter session was the
coldest weather of the season. Thistypically occurs
sometime between the second weekend of January and
the first weekend of February. On the date of the winter
testing session (January 20, 2007), the temperature ideally
reached the single digits below zero °F overnight, and the
test finished at +7°F.

The date for the spring session was selected due to
the vapor pressure regulations, rather than weather. Per
Minnesota ASTM guidelines, the vapor pressure must
be lower for spring (a maximum of 13.5 psi) thanitis
for winter (amaximum of 15 psi). Thistransition occurs
during the month of March. Thisrelatively small vapor
pressure reduction is then followed in April by the spring
to summer transition, resulting in a maximum of 9.0 psi.
Thus, the spring testing session was scheduled for April
14, 2007, when the intermediate vapor pressure was
available. In order to ensure that the desired fuel with
the proper vapor pressure characteristicswas used in
the vehicles before and during the trained rater evalu-
ation, fuel storage tank levels were closely monitored,
and shipments were ordered at the appropriate times.

The summer session was scheduled for the warmest
weather of the year, which typically occurs beginning the
second half of July to early August in Minnesota. All



vehicle tests on July 29th were performed in the ambient
temperature range of 90°F — 98°F. All testing on July
30th was conducted in the ambient temperature range of
87°F — 100°F. A single vehicle evaluation occurred at
87°F when the sun was temporarily blocked by several
clouds. All remaining testing on July 30th was conducted
within the ambient temperature range of 93°F — 100°F.

The cold-start and warm-up driveability procedure
that was used is presented in detail in Reference 3. The
procedure consists of a series of light, moderate, and
wide-open-throttle maneuvers mixed with idles to obtain
as many evaluations as possible of driveability in acold
engine at cold temperatures. Malfunctions such as hard-
starting, idle roughness, hesitation, stumble, surge, back-
fire, and stalls are recorded. Severity levels are evaluated
astrace, moderate, heavy, or extreme.

The hot-fuel-handling procedure that was used is
detailed in Reference 4. Immediately prior to testing, the
vehicleisdriven for 20 miles during which the vehicle
isoperated at 15 mph, 25 mph, 35 mph, 45 mph, and 55
mph. The vehicleisthen immediately parked in aroof-
less soak shed for 20 minutes with the ignition off. This
roofless soak shed isintended to simulate a parking lot
condition with very little air flow around the vehicle and
the sun beating down upon it. The engineisthen re-start-
ed after the 20-minute engine-off soak, and the vehicleis
accelerated at wide-open-throttle to 35 mph. Malfunc-
tions such as hard-starting, idle roughness, hesitation,
stumble, surge, backfire, and stalls are recorded. Severity
levels are evaluated as trace, moderate, heavy, or extreme.
The vehicleis then parked in the roofless soak shed with
the engine on for 20 minutes, followed by alight-throttle
acceleration during which malfunctions are evaluated.
After another engine-off 20-minute soak, the vehicleis
re-started and accelerated at light-throttle, during which
malfunctions are eval uated.

The data for both procedures are quantified by numer-
ical demerits, and the summary score for each vehicle/
fuel test is calculated as total weighted demerits (TWDs),
where low TWDs represent better vehicle driveability,
and high TWDs represent poorer vehicle driveability
performance. Typically, 15— 20 TWDs are considered
to be experimental noise in the data, with levels above
that considered to legitimately distinguish between the
fuels. TWDs are often reported as alog transform,
log (TWD+1), asthis provides a more normal data set.
Natural log transform minimizes the skew associated with
extremely low and extremely high TWDs by presenta-
tion of an exponential function in alinear fashion. The
“TWD+1" eliminates the problem of taking the natural
log transform if a vehicle has zero TWDs.

The average log (TWD+1) was the highest for the
winter rating session, as expected under the cold-tempera-
ture conditions. Figures 6a and 6b summarize the results
of the driveability evaluations performed by the trained
raters during the fall, winter, spring, and summer. Figure
6a plotslog (TWD+1) averages, while Figures 6b plots
the linear TWD averages. The error bars plotted in Fig-
ure 6 are the 95% confidence intervals. Average demerits
and confidence intervals are also tabulated in Table 12.
Statistical tests were conducted on seasonal averages.
These tests showed that none of the seasonal differ-
ences between fuels was significant at a 95% confidence
level. All averages and confidence intervals are based on
vehicle pairs. If onevehicle of apair wasmissingin a
given season, the other was excluded from the statistics.
Figures 7a, 7b, 7c, and 7d show individua vehicle TWD
scores for summer, fall, winter, and spring, respectively.

A review of theraw datafor al four test seasons
reveals that the fleet operated satisfactorily on both fuels.
Relatively few objectionable malfunctions were detected,
and there were no obvious differences between the fuels.
The highest raw demerit scores for the fleet occurred in
the winter which, as mentioned above, is not unexpected.

During the fall test session, the TWDs of al but one
vehicle fell within the data noise range if datanoiseis
defined as 20 TWDs or less. The one observation above
the experimental noise level is avehicle fueled with
EO. Almost all malfunctions, with the exception of idle
quality, would not be noticeable to average drivers. By
definition, virtually all of the maneuvering malfunctions
rated would only be noticeable to atrained rater. There
were multiple instances in which degraded idle quality
would be noticeable to the average driver; however, these
instances were split between the vehicles fueled with EO
(42% of the instances) and those fueled with E20 (58% of
the instances).

In the winter test session, there were about 35% of
the observations that fell within the data noise level, as
defined by 20 TWDs or less. There were maneuvering
malfunctions with both the EO and E20 fuels that would
be noticeable to the average driver. Asinthefall evalua-
tions, the idle quality is the predominant noticeable mal-
function. Inthe winter testing, there were considerably
more instances of noticeable degraded idle quality than
in the fall, and the vehicles fueled with E20 had degraded
idle quality more often than those fueled with EO. Of the
total observations of noticeable degraded idle quality,
62% were from vehicles fueled with E20, and 38% were
from vehicles fueled with EQ. The overall performance
of the entire test fleet was poorer than the fall evaluations,
but there was no clear evidence other than idle quality
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that one fuel performed better than the other. The overall
TWDs do not indicate a performance trend of one fuel
versus the other.

In the spring test session, there were about 25% of
the observations that fell within the data noise level, as
defined by 20 TWDsor less. Idle quality was the pre-
dominant source of noticeable malfunctions, although
there were some maneuvering malfunctions that would be
noticeable to average drivers. The maneuvering malfunc-
tions that would be noticeable to the average driver were
fairly evenly split between the two fuels. The instances
of noticeable degraded idle quality were evenly split
between the two fuels: 48% for EO, and 52% for E20.
Noticeable degraded idle quality occurred more fre-
quently than in the fall session, but considerably less fre-
guently than in the winter. In four pairs of the vehicles,
the vehicles fueled with EO performed poorer than the
vehicles fueled with E20. In one pair, the vehicle fueled
with E20 performed poorer than the vehicle fueled EO. In
that one case, the results from the spring evaluations were
areverse from the winter evaluations, but they confirmed
thefall results with that pair of vehicles. In some cases,
the spring results for paired vehicles were similar to the
fall findings, and in some cases, they were similar to the
results seen in winter.

In the summer test session, there were about 62%
of the observations that fell within the data noise level,
as defined by 20 TWDs or less. Whileidle quality
contributed heavily to the malfunctions that would
be noticeable to average drivers, there were some
occurrences of maneuvering malfunctions that would
be noticeable to average drivers. The noticeable
maneuvering malfunctions were split evenly (50%
each) between EO and E20. In fact, all maneuvering
malfunctions, whether noticeable to the average driver
by definition or not, were split almost evenly between
the two fuels (49% for EO, and 51% for E20). All the
degraded idle quality recorded, whether noticeable to
the average driver by definition or not, was split evenly
between the two fuels: 49% for EO, and 51% for E20. Of
the degraded idle quality noticeable to the average driver,
47% belonged to EO, while 53% belonged to E20.

D. Fuel Economy Measurements

This study was not designed to examine fuel econo-
my. For such astudy, careful matching of driving condi-
tions and driving patterns is necessary; however, dataon
fuel consumption and miles driven were available from
fleet headquarters. It was decided to present these data not
because they are useful for comparing EO and E20 (condi-
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tions were not well enough matched for that), but rather
because they give insightsinto fuel use by a university
fleet in anorthern climate.

Table 15 lists the average fuel economy observed
for the entire thirteen-month study for each of the test
vehicles. Two of the vehicles were sold, leading to
unmatched pairs. Consequently, neither vehiclein such
pairs was considered in the averages. The average fuel
economy for the test fleet over the course of the project
was relatively low: 11.9 mpg for the vehicles operating
on EO, and 11.8 mpg for the vehicles operating on E20.
This represents a 0.6% decrease in average fuel economy
for the E20 vehicles. If the differencein fuel economy
of individual pairs of vehiclesis averaged, however, fuel
economy is 1.7% higher for the E20 vehicles; athough
the 95% confidence interval for the paired fuel economy
changesis +/- 6.6%. Thus, neither of these resultsis sta-
tistically significant. Further analysis of the datain Table
15 reveals that the results for two of the vehicle pairs can
be considered outliers. In this case, outliers are defined
as results that are more than two standard deviations from
the mean. The outliers are highlighted in yellow. When
these outliers are removed, the E20 vehicles show an
average fuel economy decrease of 1.4%. Energy content
per gallon of E20 is 6.5% than that of EO, so all of these
results would be surprising in a controlled fuel economy
study. Thisisnot that sort of a study; the statistical
uncertainty islarge, and the driving patterns were not
matched. These results suggest, however, that although
not quite at a 95% level, the fuel economy loss with E20
might not be as large as the decrease in energy content
per gallon.

None of the reservations above apply to overall fleet
fuel economy figures. According to the US EPA’sfuel
economy website5, the average city fuel economy for late
model pickups and vansis about 15 mpg. The university
fleet contains many heavy pickups and vans operating in
astart/stop driving cycle and in a cold climate, so that the
12-mpg average is not unexpected. The smaller and hy-
brid vehiclesin the fleet delivered the best fuel economy,
while the large heavy-duty pickups delivered the worst.
Clearly, downsizing and additional use of hybrids, where
the application alows, should be encouraged.

Reductions of petroleum consumption and of emis-
sions of global greenhouse gases are primary drivers for
the introduction and expanded use of ethanol, biodiesdl,
and other renewable fuels. Gains associated with these
renewable fuels will be further enhanced if these fuels are
used in more fuel-efficient vehicles.
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APPENDIX A

DAILY LOG SHEET PROCEDURES

1. Writedownyour ‘LICENSE PLATE#’ (or vehicle#), ‘MONTH’and ‘DATE’ (Mondays’s
date of the week).

NOTE: You could leave the temperature — blank. Write it down if known.
2. Fillinthe ‘ODOMETER READING?’ daily.

NOTE: Cold engine means vehicle that has not been USED for more than 6 hours. And,
only valid for about 10 minutes from the first second of idle. The rest of the day you will
have warm engine. In short, most of you will only have 1 cold engine and many warm
engine of at least 1.

3. Turn key to on position for 2 seconds, meanwhile, turn on defrost and fan in low position.
Then, start up the engine and record the time it takes you to crank up the engine on the
‘START TIME (SEC)’ with 5 seconds max.

4.  There may be a total of 3 attempts recorded. When the engine fails, give 5 seconds interval
between each attempt. After the 3 unsuccessful attempt, turn the key to off position
before attempting to restart. Once the engine start, record the ‘4 ATTEMPTS’

5. Let the engine run on idle while transmission is on park or neutral for 5 seconds. Record
the idle quality in “IDLE QUALITY (P/N)’. G=Good; S=Stall; 1-2-3 = measure of
quality with 3 being the worst.

6. Next, step on the brake and shift the transmission to drive. Let the engine idle in that
position for 5 seconds. Record the idle quality in ‘IDLE QUALITY (D)’. G=Good,;
S=Stall; 1-2-3 = measure of quality with 3 being the worst.

7. Record all abnormal driving behavior in the engine ‘DRIVEAWAY’. Cold engine only
applicable for the 1 10 minutes. Anything beyond the 1% 10 minutes of the day will fall to
warm engine. If everything is normal, there is a ‘NORMAL’ box and please put a check
mark.

Please fill the log sheet up accurately and daily. Mostly when it comes to abnormalities. Use
pump #1, #2 or #6 at Como facility for test vehicles. Don’t fill up your vehicle elsewhere unless
you are far from base and running out of fuel. Fuels from other sources may be quite different
from the test fuels. If it is necessary to obtain fuel elsewhere only take enough to get you back
to base. Report incorrect fueling immediately.
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TABLES AND FIGURES

Table 1 - Fuel Shipment Dates

Table 2 - Fuel Specifications

EO

E20

6/22/2006
7/6/2006
7/19/2006
8/10/2006
8/24/2006
9/8/2006
9/28/2006
10/27/2006
11/6/2006
11/22/2006
12/5/2006
1/4/2007
1/31/2007
2/21/2007
2/28/2007
3/13/2007
3/23/2007
4/23/2007
5/2/2007
5/21/2007
6/11/2007
6/22/2007
7/20/2007
8/7/2007

6/22/2006
7/6/2006
8/24/2006
9/13/2006
10/31/2006
1/8/2007
2/28/2007
3/28/2007
5/23/2007
8/8/2007

Vapor Lock Protection

Vapor Lock | Distillation TVL=20 (F)
Month Protection Class 1 140
Jan 5 E 2 133
Feb 5 E 3 124
Mar 5-4 E/D 4 116
April 4 DIA 5 105
May 4 A 6 95
June 3 A
July 3 A
Aug 3 A Volume Percent by ASTM D4815
Sep 3 A/C Note: Summer Class A limits apply May 1 through September 15
Oct 3-4 C/D RVPE is referenced in ASTM D4814
Nov 4-5 D/IE P absolute = P total - P gas
Dec 5 E RVPE = 0.965(P total) - 0.0(P gas) - 0.055
Vapor Distillation Temperature, at % Evaporated, max Distillation
Distillation |Pressure, max 10% 50% 90% End Point, max | Residue, Volume | Driveability
Class (psi) min max %, max Index
AA 7.8 158 170 250 374 437 2 1250
A 9.0 158 170 250 374 437 2 1250
B 10.0 149 170 245 374 437 2 1240
C 11.5 140 170 240 365 437 2 1230
D 13.5 131 150 235 365 437 2 1220
E 15.0 122 150 230 365 437 2 1200
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Table 3a - Fuel Detail: Summer and Fall
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Winter and Spri

Table 3b - Fuel Deta
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Table 4a - FALL 2006 EO AND E20 INSPECTIONS

INSPECTIONS FALL EO FALL E20 ASTM
Delivery Dates 9/08 and 9/28/07 9/13 and 10/31/07 —
Vol % Ethanol 0 21.1 —
T10°F 126 117.0 131
Ts0°F 207 154.0 150/235
Too°F 325 317.0 365
DI®, max 1136 950.0 1220
TVL 20, min 137 121.0 116

@ Dls of E20 samples were calculated according to the following equation:
DI = (1.5)(T,,) + (3.0)(T,,) + (1.0)(T,,) + (2.404)(Vol % Etoh)

Table 4b - WINTER 2006/2007 EO AND E20 INSPECTIONS

INSPECTIONS WINTER EO WINTER E20 ASTM
Delivery Dates 1/04 and 2/21/07 1/08 and 2/28/07 —
Vol % Ethanol 0 194 —
T10°F 106 105.0 122
Tso°F 199 156.0 150/230
Too°F 318 306.0 365
DI®, max 1074 976.0 1200
TVL 20, min 10 105.0 105

® DlIs of E20 samples were calculated according to the following equation:
DI = (1.5)(T10) + (3.0)(T50) + (1.0)(T90) + (2.404)(Vol % Etoh)



Table 4c - SPRING 2007 EO AND E20 INSPECTION

INSPECTIONS SPRING EO SPRING E20 ASTM
Delivery Dates 3/23/07 3/28/07 —
Vol % Ethanol 0 19.2 —
TI10°F 106 111.0 131
T50°F 196 158.0 150/235
TO°F 316 313.0 365
DI®, max 1064 999.0 1220
TVL 20, min 106@ 115.09 16

® DlIs of E20 samples were calculated according to the following equation:

DI = (1.5)(T10) + (3.0)(T50) + (1.0)(T90) + (2.404)(\ol % Etoh)
@ The noted TVL 20’s are not transposed nor are they typographical errors.°Refer to the discussion on page

11°beginning at paragraph three.

Table 4d - SUMMER 2006 EO AND E20 INSPECTIONS

INSPECTIONS SUMMER EO SUMMER E20 ASTM
Delivery Dates 6/22 and 7/06/06 6/22 and 7/06/06 —
Vol % Ethanol 0 19.7 —
T10°F 129 121.0 158
T50°F 208 155.0 170/250
TI0°F 333 311.0 374
DI®, max 1151 1006.0 1250
TVL 20, min 140 126 124

® DlIs of E20 samples were calculated according to the following equation:

DI = (1.5)(T10) + (3.0)(T50) + (1.0)(T90) + (2.404)(Vol % Etoh)
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Table 8 - Summary of Lay Drivers’ Reports and Driveability Events

Events reported Fuel Type

EO E20

Total weekly report forms submitted
Summer 490 424
Fall 242 386
Winter 383 357
Spring 220 188
Overall 1335 1355
Number of vehicles reporting events (%)

Summer 17 43% 15 38%
Fall 12 30% 14 35%
Winter 23 58% 14 35%
Spring 7 18% 8 20%
Average Quaterly Rep. Events 15 37% 13 32%

Summary of response rates

% response.

EO E20
Through Summer 31.6% 36.0%
Through Fall 35.0% 40.8%
Through Winter 33.7% 39.1%
Through Spring 31.8% 39.2%
Overall summary of response rates
Number of sheets completed 724 893
Possible Sheets (57 wks *40) 2280 2280
% response. 31.75% 39.17%
Table 9 - Lay Driver Demerit Score Conversion
Crank Time] # Attempt| P/N & D | Drivaway
Blank 2 4 2 3
Good — — 0 0
1 0] 0] 2 -
2 1 8 4 -—
3 2 16 8 -—
4 4 24 - ———-
5 8 32 -—— -——
6 - 40 ——— -
7 - 48 - -
8 e 56 — —
Hesitation - ---- ---- 2
Stumble - -—-- ---- 4
Surge - ——— - 8
Stall-A -——— - 12 12
Stall-B - -—— - 16
Backfire ——— S -—-- 24
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Table 10a - Average and 95% Confidence Intervals of Lay Driver

Demerit Scores: Results are weighted by total number of reports.
Results shown only for paired vehicles, both reporting. Shaded results are

statistically different at a 95% confidence level.

Fuel EO E20
Season |Ave. demerits| 95% CI| Ave. demerits| 95% CI
Summer 5.84 0.51 5.89 0.46
Fall 5.29 0.59 6.49 0.58
Winter 4.59 0.49 5.13 0.58
Spring 2.95 0.41 4.97 0.56

Table 10b - Average and 95% Confidence Intervals of Lay Driver

Demerit Scores: Results are weighted by averages for individual
vehicles. Results shown only for paired vehicles, both reporting. None of
the differences between EO and E20 are statistically significant.

Fuel EO E20
Season | Ave. demerits| 95% CI] Ave. demerits| 95% CI
Summer 7.09 3.36 7.15 3.23
Fall 5.94 3.72 5.40 3.30
Winter 5.70 3.35 5.48 2.80
Spring 3.28 2.84 5.76 3.42




Table 11 - Average Lay Driver Demerit Scores Grouped by Vehicle and Season
Count denotes number of reports received. Results are only shown for paired vehicles in each season.

Summer Fall Winter Spring
Pair Fuel Score | Count Score | Count Score | Count Score | Count

2 EO 26.0 1

2 E20 0.0 10

3 EO 8.0 13 0.7 43 2.3 56 9.0 64
3 E20 8.0 18 14.0 42 15.4 58 14.4 53
4 EO 2.1 88 0.0 56 0.0 62 0.0 56
4 E20 1.0 73 0.0 39 0.0 60 0.0 63
5 EO 13.4 29

5 E20 15.6 21

8 EO 8.3 78 6.9 55 6.9 56 8.0 62
8 E20 6.5 77 6.6 58 4.3 55 6.5 51
9 EO 0.0 81 0.0 58 0.0 55 0.0 59
9 E20 5.9 63 2.0 56 2.0 63 3.4 56
11 EO 2.0 37
11 E20 4.4 23

A EO 23.7 31

A E20 1.4 65

E EO 15.0 4 11.1 15

E E20 26.0 5 5.6 20

F EO 0.0 14 1.0 35 1.4 57 1.0 49
F E20 0.4 87 0.3 60 1.0 60 0.3 60
G EO 7.3 52 11.1 39 11.4 8
G E20 9.4 36 8.2 55 10.2 39
H EO 1.9 72 0.6 61 1.6 49 2.0 49
H E20 0.0 81 0.0 60 0.0 52 0.3 63
| EO 4.8 51 4.0 40 3.1 34

| E20 8.1 30 6.8 43 5.4 7

J EO 3.5 71 1.4 78 5.7 59 0.0 3
J E20 6.1 67 6.6 39 18.5 50 4.7 44
K EO 1.2 60 0.3 38 0.0 44 0.4 49
K E20 11.6 61 7.6 54 10.1 55 13.5 51
L EO 8.9 50 5.9 43 11.4 35

L E20 11.1 43 1.0 46 7.0 15

M EO 26.0 57 26.0 15

M E20 22.6 62 26.0 19

N EO 11.2 18 13.1 48 20.5 4

N E20 4.1 57 0.0 41 0.0 52

(0] EO 4.8 75 11.7 36 3.9 51 4.3 42
(0] E20 7.2 81 18.2 43 6.6 30 6.4 37
P EO 0.0 52 0.1 49 0.0 57 0.0 48
P E20 3.8 80 5.5 36 7.8 16 3.6 61
T EO 6.1 51 5.7 16

T E20 6.3 64 0.0 46

\ EO 0.0 53 17.8 59

\Y E20 2.8 58 1.4 62

Y EO 0.5 55 0.8 32 0.0 20

Y E20 0.0 1 1.2 46 0.0 51

Z EO 7.5 26 7.2 19

Z E20 0.0 53 0.0 55
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Table13- Random Samples Taken from Vehicle Fuel
Tanks During Spring Trained Raters Evaluation on

April 19, 2007

Vehicle # |Lab ID Volume % ETOH
2823 33796 20.17
2820 33797 0.00
42405 33798 18.74
42406 33799 0.00
2464 33800 19.75
2465 33801 0.00
2765 33802 19.70
2766 33803 0.00

Table 14- Random Samples Taken from Vehicle Fuel
Tanks During Summer Trained Raters Evaluation on

July 29, 2007

Vehicle # |Lab ID Volume % ETOH
32225 33826 8.06
209 33827 0
32224 33828 0
22472 33829 18.24
2460 33830 0
2465 33831 18.62

Possible contaminated sample for Vehicle 32225
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Table 15 - Summary of Fuel Economy Measurements: Differences refer to percentage
change in fuel economy with EO the base case. Outliers are highlighted in yellow.

EO E20

Pair |VID YEAR MAKE MODEL MPG VID YEAR MAKE MODEL MPG %Ch

A 100230212001 FORD FOCUS 18.9]2320 12001 FORD FOCUS SOLD --
AA 102140112002 DODGE RAM 1500 10.2]021402 12002 DODGE RAM 1500 8.5] -16%
B 1051046 {2005 TOYOTA PRIUS hybrid 40.7]051047 12005 TOYOTA PRIUS hybrid 38.5] -6%
BB 1022403 {2002 DODGE_RAM 1500 10.0]022404 12002 DODGE RAM 1500 7.2] -28%
C 105105812005 CHEVROLET MALIBU 25.9]051059 |2005 CHEVROLET MALIBU 26.3 2%
CC 10424052004 CHEVROLET ASTRO 12.3]1042406 12004 CHEVROLET ASTRO 11.9 -4%
D 1051085 (2005 CHEVROLET IMPALA 22.6]051086 |2005 CHEVROLET IMPALA 22.8 1%
DD 052402 {2005 CHEVROLET ASTRO 9.7]052403 {2005 CHEVROLET ASTRO 11.2) 15%
E__ 1053096 {2005 FORD CROWN VICTORIA 6.9]053097 |2005 FORD CROWN VICTORIA 7.1 4%
EE 100246412000 FORD E350 6.6]002465 |2000 FORD E350 6.3]  -5%
F__ 1022020 (2003 FORD FOCUS 14.7]022021 12003 FORD FOCUS 18.2) 24%
FE 1002477 {2001 CHEVROLET EXPRESS 3500 9.3]002478 {2001 CHEVROLET EXPRESS 3500 7.6] -18%
G 103203312003 FORD FOCUS 17.6]032034 12003 FORD FOCUS 18.6 6%
GG 1002535 ]2000 CHEVROLET EXPRESS 2500 7.2]002539 {2000 CHEVROLET EXPRESS 2500 8.5] 19%
H 1032644 (2003 FORD F350 6.7]032674 {2003 FORD F450 4.2] -37%
HH 100247912001 FORD E250 7.6]002480]2001 FORD E250 7.2) -6%
| 073500 [2005 FORD RANGER 14.7]073501 12005 FORD RANGER 12.7] -13%
1] 002481 (2001 FORD E250 6.0]002482 {2001 FORD E250 6.6] 11%
J 073502 [2005 FORD RANGER 17.1]073503 [2005 FORD RANGER 13.8] -19%
JJ 10024702001 FORD E250 7.5]002501 {2001 FORD E250 8.2] 11%
K 1033542 (2003 DODGE DAKOTA 8.4]033543 (2003 DODGE DAKOTA 7.8] -6%
KK 1022471 (2002 FORD E250 9.2]022472 {2002 FORD E250 13.5)] 47%
L 032574 {2003 FORD F250 8.3]032575 2003 FORD F250 8.2] -1%
LL ]061265[2006 CHEVROLET EXPRESS 3500 13.3]061266 |2006 CHEVROLET EXPRESS 3500 135 2%
M__ 1062570 (2006 CHEVROLET K2500 7.4]062571 {2006 CHEVROLET K2500 6.4] -13%
N 1002961 |2001 CHEVROLET K2500 4.11002962 |2001 CHEVROLET K2500 6.8] 66%
NN 1051292 (2005 CHEVROLET EXPRESS 3500 11.7]051293 12005 CHEVROLET EXPRESS 3500 11.1) -6%

O 123572 12002 CHEVROLET K2500 -- 023573 {2002 CHEVROLET K2500 7.5] --
P 00277012000 FORD F450 4.1]002771]2000 FORD_ F450 5.2] 28%
Q 103222412003 FORD E150 9.1]032225 2003 FORD E150 9.3 2%
R 10421682004 DODGE_GRAND CARAVAN 13.1]042169 2004 DODGE _GRAND CARAVAN 12.7]  -3%
S 105118412005 DODGE GRAND CARAVAN 17.2]051185 2005 DODGE _GRAND CARAVAN 15.2) -11%
T _1002820[2001 FORD EXPLORER 14.9]002823 [2001 FORD EXPLORER 11.7] -21%
U 1051316 {2005 FORD ESCAPE hybrid 23.7]051317 12005 FORD ESCAPE hybrid 24.4 3%
V__ 100276512000 WORKHORSE UCBC 6.4]002766 {2000 WORKHORSE UCBC 7.8] 22%
W__ 002767 12000 WORKHORSE UCBC 7.1]002768 2000 WORKHORSE UCBC 5.8] -18%
X_ 100276912000 WORKHORSE UCBC 6.6]002772 {2000 WORKHORSE UCBC 7.2] 10%
Y__ 10020402000 CHEVROLET ASTRO 11.2]002041 ]2000 CHEVROLET ASTRO 13.3] 19%
Z ]002096 |2000 CHEVROLET ASTRO 9.4]002099 {2000 CHEVROLET ASTRO 9.9 6%

min 4.1 min 4.2
max 40.7 max 38.5

Paired Average 11.9 Paired Average 11.8] -0.6%
Average difference between pairs 1.7%
Standard deviation 19.9%
95% confidence interval 6.6%)
Average difference outliers removed -1.4%
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Figure 1a - Distillation Data for E20 Fuels. Summer fuels are plotted in warm colors, winter fuels in cool
colors. Also shown are ASTM limits for fuels Class A (summer, May 1 — September 15), Class D (fall, spring,
September 16 — November 15, March 16 - April 30), and Class E (winter, November 15 — March 15).
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Figure 1b - Average Distillation Data for E20 Fuels. Also shown are ASTM limits for fuels Class A
(summer, May 1 — September 15), Class D (fall, spring, September 16 — November 15, March 16 - April 30),
and Class E (winter, November 15 — March 15).
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Figure 2a - Distillation Data for EO Fuels. Summer fuels are plotted in warm colors, winter fuels in
cool colors. Also shown are ASTM limits for fuels Class A (summer, May 1 — September 15), Class D (fall,
spring, September 16 — November 15, March 16 - April 30), and Class E (winter, November 15 — March 15).
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Figure 2b - Average Distillation Data for EO Fuels. Also shown are ASTM limits for fuels Class
A (summer, May 1 — September 15), Class D (fall, spring, September 16 — November 15, March 16 -
April 30), and Class E (winter, November 15 — March 15).



12.0

BEO
BE20

10.0

8.0

6.0

4.0

Count weighted average demerits

2.0

0.0 -
Summer Fall Winter Spring

Season

Figure 3 -Average Lay Driver Demerit Scores weighted by total number of reports. Error
bars show 95% confidence intervals. Results shown only for paired vehicles both reporting. Differences
between EO and E20 reported for summer and winter seasons are not statistically different at a 95%
confidence level.
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Figure 4 -Average Lay Driver Demerit Scores weighted by vehicle. Error bars show 95%
confidence intervals. Results shown only for paired vehicles both reporting. None of the differences
between EO and E20 are statistically different at a 95% confidence level.
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Figure 5a - Daily Temperature Data (recorded at St. Paul Campus), Summer Period
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Figure 5b - Daily Temperature Data (recorded at St. Paul Campus), Fall Period
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Figure 5¢ - Daily Temperature Data (recorded at St. Paul Campus), Winter Period
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Figure 5d - Daily Temperature Data (recorded at St. Paul Campus), Spring Period
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Figure 6a - Average Trained Raters’ Log Transformed Weighted Average Demerits. Error
bars show 95% confidence intervals. Results shown only for paired vehicles both reporting. None of the
differences between EO and E20 are statistically different at a 95% confidence level.
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Figure 6b - Average Trained Raters’ Weighted Average Demerits. Error bars show 95% confidence
intervals. Results shown only for paired vehicles both reporting. None of the differences between EO and E20
are statistically different at a 95% confidence level.
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Figure 7a - Individual Vehicle Trained Rater Weighted Demerits for Summer Rating Session.
Both paired and unpaired vehicles shown.
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Figure 7b - Individual Vehicle Trained Rater Weighted Demerits for Fall Rating Session.
Both paired and unpaired vehicles shown.
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Figure 7c - Individual vehicle trained rater weighted demerits for winter rating session.
Both paired and unpaired vehicles shown.
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Figure 7d - Individual Vehicle Trained Rater Weighted Demerits for Spring Rating Session.
Both paired and unpaired vehicles shown.
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