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ABSTRACT

Cloud point, cold filter plugging point (CFPP) and low temperature flow test (LTFT) methods were used to
assess the cold-flow properties for seven different biodiesel fuels blended with four different ULSD fuels
representing the span of the market in 2009. The pour point of the neat biodiesel and B50 blends were
also analyzed. This intent of this project was to provide the industry with an independently generated set
of cold flow information on a variety of fuels in the market today with the new Ultra Low Sulfur Diesel
Fuel (ULSD).

The neat fuels were tested in addition to biodiesel blends with ratios of 2% biodiesel (B2), 5% biodiesel
(B5), 11% biodiesel (B11), 20% biodiesel (B20) and 50% biodiesel (B50) for cloud point, CFPP, and LTFT.
Pour point was tested for the neat biodiesels and B50 blends only.

The petrodiesel and biodiesel collected were actual market fuels and were targeted to encompass the
range of fuels available in the market in 2009. Three petrodiesel fuels with cloud points of -53.5F, +3.2F,
and +12.2 F were used to produce petrodiesel having target cloud points of -40F, -30F, -15F, and +10F.
Seven biodiesel (B100) samples were selected. Three B100’s of low cloud point (i.e. vegetable oil base, in
this case soybean oil) from various manufacturing processes (distilled biodiesel, non distilled biodiesel
from hexane extracted oil, non distilled biodiesel from extruder-expeller oil) were collected from
commercial biodiesel producers. Four additional biodiesels of mid to mid-high to high cloud points from
commercial biodiesel producers representing mixed saturation levels (in this case blends of vegetable,
animal, and recycled oil based biodiesel). The cloud point values of the various B100 samples were
+27.5F, +28.4F, +29.3F, +33.8F, + 44.6F, +46.4F, and +53.6F.

The reader is cautioned not to associate the individual cloud point values of the fuels used in this study as
any sort of ‘average’ or ‘accepted’ value for those fuels. Actual values for #1 or #2 fuels or their blends, or
actual values for biodiesel made by various processes and oils or their blends, will vary in the market. The
user is advised to utilize actual test data on the fuels they plan to use rather than assume some sort of
generic value.

METHODS and MATERIALS
Fuel Procurement:

The study utilized four different ULSD fuels with cloud point temperatures of -40°F, -30°F, -15°F and
+10°F. The four blends were created from three different ULSD fuels sent in bulk shipments of 6, 55-
gallon drums of #1 ULSD with a reported cloud point temperature of -49.9°F; 6, 55-gallon drums of #2
ULSD with a reported cloud point temperature of +4.1°F; and 4, 55-gallon drums of #2 ULSD with a
reported cloud point temperature of +17.6°F. Cloud points for all three bulk fuels were determined in-
house using a Lawler model OL-14/DR-2L automated cloud and plug point bath and were found to be -
53.5°F, +3.2°F and +12.2°F; respectively (Table 1, average of 2 or more results). All fuel samples were
blanketed with nitrogen upon receipt and every time the fuel container was opened thereafter. Before
obtaining an aliquot of fuel, each barrel was re-circulated for 10 minutes using a standard electric fuel



pump to assure homogeneity. Stock ULSD fuel blends of -40°F, -30°F and -15°F cloud points were created
by blending appropriate amounts of the #1 ULSD and #2 ULSD fuels from the original shipment as
determined by constructing a blend curve using #2 ULSD with increasing amounts of #1 ULSD (see below).

Table 1. Fuel properties for ULSD stocks. The reported values were taken from the certificates of
analysis supplied with each fuel and are assumed to be from a single reading. The tested cloud points
were obtained in-house and represent the average of 2 independent determinations. The standard
deviation of in-house measurements was less than 2°F in all cases.

Fuel Reported Tested Cloud | Density
Cloud (°F) (°F) (g/mL)

#1 ULSD -49.9 -53.5 0.8039
#2 ULSD +4.1 +3.2 0.8394
High Cloud #2 +17.6 +12.2 0.8296

The study utilized seven different biodiesel stocks. Three B100’s of low cloud point (i.e. vegetable oil
base, in this case soybean oil) from various manufacturing processes (distilled biodiesel, non distilled
biodiesel from hexane extracted oil, non distilled biodiesel from extruder-expeller oil) were collected from
commercial biodiesel producers. Four additional biodiesels of mid to mid-high to high cloud points from
commercial biodiesel producers representing mixed saturation levels (in this case blends of vegetable,
animal, and recycled oil based biodiesel). The cloud point values of the various B100 samples were
+27.5°F, +28.4°F, +29.3°F, +33.8°F, + 44.6°F, +46.4°F, and +53.6°F.

Table 2. Fuel properties for biodiesel stocks. The reported values were taken from the certificates of analysis
supplied with each fuel and are assumed to be from a single reading. The tested cloud points were obtained in-
house and represent the average of 2 or 3 determinations. The standard deviation of in-house measurements was
less than 2°F in all cases. NA = not available.

Biodiesel Reported Tested Cloud n Density

Cloud Point Point (g/mL)
(°F) (°F)

Low Cloud, NA +27.5 2 0.8792

Non-distilled

Low Cloud, +32.0 +28.4 2 0.8793

Extruded

Low Cloud, +32.0 +29.3 2 0.8775

Distilled

Mid Cloud +53.6 +33.8 2 0.8783

Mid-High NA +44.6 2 0.8711

Cloud A

Mid-High +50.0 +46.4 2 0.8699

Cloud B

High Cloud +57.2 +53.6 3 0.8686




All fuel samples were blanketed with nitrogen upon receipt and every time the fuel container was opened
thereafter. The reported cloud points, along with in-house measurements are recorded in Table 2.

Fuel Blending:

A blend curve was constructed to determine the appropriate blend ratio of #1 and #2 ULSD for the -40°F, -
30°F and -15°F stock ULSD fuels (Figure 1). Based on this curve, the appropriate blend ratio for the -40°F
stock fuel was 90% #1 ULSD with 10% #2 ULSD, the -30°F stock fuel was 80% #1 and 20% #2, and the -15°F
stock fuel was 57% #1 and 43% #2 (Table 3). For the +10°F cloud point ULSD a blend of 10% #2 and 90%
“high cloud” ULSD was found to give the appropriate ratio; a full blend curve was not generated for this
stock fuel.

Table 3. Blend ratios for stock ULSD fuels.

Fuel % Blend for | % Blend for | % Blend for | % Blend for
-40°F -30°F -15°F +10°F
#1 ULSD 90% 80% 57% -
#2 ULSD 10% 20% 43% 10%
High Cloud #2 - - - 90%

Cloud Points of #1ULSD Blended with #2 ULSD

Cloud Point (Degrees Fahrenheit)

'67 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Percent #1 ULSD

Figure 1. Blend curve for ULSD fuels. #1 ULSD was blended with #2 ULSD in 2 or 5 degree increments. Error bars
represent the average + SD of 2 to 4 determinations.



The -40°F, -30°F, -15°F, and +10°F ULSD blends were made in approximately 20 L aliquots. The density of
the #1 and #2 ULSD stock fuels was taken by ASTM D 4052 and used to determine the appropriate mass of
each fuel for each blend with a mass precision of 0.1g. The blended ULSD fuels were then placed into
approved 20 L containers and blanketed with nitrogen initially and again every time after use.

The biodiesel blends were filtered through Whatman filters and prepared fresh daily in 92 mL aliquots for
the cloud point and CFPP tests, or 142 mL aliquots when doing the cloud point, CFPP and pour point tests.
The density of the ULSD fuel and biodiesel fuel was taken and used to determine the appropriate mass of
each fuel for each blend to the nearest 0.0001g. Mixing was assured by pouring the blend back and forth
several times between two containers. The blend was then poured into the appropriate test jars and used
immediately. The biodiesel blends used for the LTFT method were prepared in 800 mL aliquots in the
same manner but using mass precision to 0.1g. These blends were stored in 1 L amber glass bottles and
typically used within a day or two.

Instrument methods and accuracy:

Cloud point and CFPP determinations were performed according to ASTM D 2500 and D 6371,
respectively, using a Lawler model OL-14/DR-2L automated cloud and plug point bath (Lawler
Manufacturing Corporation, Edison, New Jersey). Briefly, fuel samples were poured into a test jar up to
the line indicating sample height (approximately 45 mL). For cloud point determinations, the samples
were cooled to approximately 18 degrees F above the anticipated cloud point and detection of the cloud
was performed by optical reflection. Sample cooling was continued and the procedure was repeated at
every 1.8 degree Fahrenheit increment until the detection of a cloud. Cloud point determinations were
done manually with the High Cloud biodiesel product because of interference with the optical sensor due
to the formation of crystalline structures.

For CFPP determinations, samples were cooled to approximately 9 degrees F above the anticipated
plugging point and drawn into a pipette under controlled vacuum through a standardized wire mesh filter.
Sample cooling was continued and the test procedure repeated until the sample could no longer fill the
pipette in 60 seconds.

Pour point determinations were performed according to ASTM D 97 using a Koehler model K46100
manual refrigerated bath (Koehler Instrument Company, Bohemia, New York). Briefly, fuel samples were
poured into a test jar up to the line indicating sample height (approximately 45 mL). For samples with an
expected pour point temperature above -27.4°F, the samples were heated in a water bath to +113°F and
then placed into the refrigerated bath. Beginning at 48.2°F above the expected pour point, and at every
5.4°F below that, the samples were tested for pour point by briefly removing the sample from the bath,
tilting to the side, and observing any movement of sample. The test was repeated until no movement of
sample was observed upon holding the sample horizontally for 5 seconds.

LTFT determinations were performed according to ASTM D 4539 using a Lawler model 265-12L
refrigerated bath with accessories. Briefly, fuel samples in 200 mL aliquots were filtered through dry,
lintless filter paper and placed into a refrigerated bath at a temperature no less than 9°F above the cloud
point of the sample. The sample temperature was lowered at a rate of +1.8°F per hour to the desired test



temperature at which time the sample was filtered through the apparatus. The minimum LTFT pass
temperature was determined as outlined in ASTM D4539 section 8.14 where subsequent aliquots of the
same sample were tested repeatedly at incrementally lower temperatures until a failing result was
obtained. The reported value represents the lowest passing temperature before a failed test was
obtained.

Commercial reference standards were used to determine instrument accuracy for the cloud point, pour
point and CFPP methods. The cloud point reference standards were purchased from Koehler Instrument
Company (Houston, Texas) and have a reported analytical uncertainty of + 3.6°F. The CFPP and pour point
reference standards were purchased from Spectrum Quality Standards (Sugarland, Texas) and have
reported analytical uncertainties of + 2.7°F and £ 5.4°F, respectively. A reference standard for the LTFT
method was not available. In all cases, the reported average result for each test is within two degrees F of
the stated reference value with a standard deviation less than one (Table 4).

Table 4. Instrument accuracy data for the cloud point, CFPP and pour point methods.

Reference Result n
Value (°F) (°F)
Cloud Point
+39.2°F | 4392 +0 | 4
+104°F | +95+ 11 | 4
-58°F| -76 0 4
CFPP
+1.4°F +3.2 0 2
-25.6°F | -23.8+0 |2
Pour Point
21.2°F| 4212 +0 |2
5°F +5 0 2




RESULTS

Figure 2. Cloud point temperatures.
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Figure 3. CFPP temperatures.
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Figure 4. LTFT temperatures.

LTFT with 10°F ULSD LTFT with -15°F ULSD
% 59 % 59
< s0{—& — | € 50 b —
g Pel = _g a1 /iE/ —
[ @
o / = | 5 7 ———— ]
2 / ////| 2 / //(a/ | — ¢
g = — — g 2 —
B e ——— 2w _j—
[a) [a) —
~ 5 ~ 5 4 —
£ Y=
A
o 4 & -4t
[ [
» -13 0 -1
% —=-Low Cloud, Distilled 8 —=~Low Cloud,|Distilled
a 22 o=ToWw Cloud,[EXtruded o 22 o=ToW Cloud; EXtruded
c 31 0 Low Cloud /Non-Distilled | c 31 o0 Low Cloud,|Non-Distilled |
s —A—Mid Cloud s —#— Mid Cloud
= 40 —7- Mid-High Cloud, A = a0 —v- Mid-High Cloud, A
L —+— Mid-High Cloud, B TR =+ Mid-High Cloud, B
'j 49 =s=High Ctoud Z -49 =s=HigpCtoud
58 5
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Blend Ratio (% Biodiesel) Blend Ratio (% Biodiesel)
LTFT with -30°F ULSD LTFT with -40°F ULSD
— =
= 59 = 59
) )
<€ 50 C € 50 d
[ 4 [
£Ean o L — Ea A o |_—
(] ©
L o3 = 4 L o3 / T e
2 > / T T g > 7 ] .
) ]
—
gu = gu —
s / | < s =
g 4 / e . = E -4 / ~
Pt /1 f/ — P
o -1 y/‘ o -134 ~
8 . f/ —=-Low Cloud,|Distilled ] ﬁ/ -=Low Cloud |Distilled
o - “'—!' Oo-TLow Cloud,[Extruded o 224 o-TLoW Cloud |Extruded
= 31 O Low Cloud,|Non-Distilled | c 31 O Low Cloud,Non-Distilled |
s —&—Mid Cloud s —&-Mid Cloud
| -40 —v— Mid-High Cloud, A = 40 v Mid-High Cloud, A
L —+—Mid-High Cloud, B 1N —— Mid-High Cloud, B
': -49 —s=Hign Cloua ': 49 —s=Hign Cloud
-58 -58
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Blend Ratio (%Biodiesel) Blend Ratio (% Biodiesel)



Figure 5. Pour points of neat ULSD and biodiesel fuels.
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Figure 6. Pour points of biodiesel B50 blends.
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Figure 7. Methods comparison for Low Cloud, Distilled product.
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Figure 8. Methods comparison for Low Cloud, Extruded product.
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Figure 9. Methods comparison for Low Cloud, Non-Distilled product.
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Figure 10. Methods comparison for Mid Cloud product.
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Figure 11. Methods comparison for Mid-High Cloud, A product.
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Figure 12. Methods comparison for Mid-High Cloud, B product.
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Figure 13. Methods comparison for High Cloud product.
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SUMMARY and CONCLUSIONS

Samples of commercially available petrodiesel and biodiesel representing the range of cloud points of
products in the market in 2009 were collected, blended and analyzed for cold flow properties.

Three petrodiesel samples were collected and ranged from -53.5°F to +12.2F in cloud point. This
represents a range of petrodiesel cloud points of over 65F in the market. The petrodiesel samples
collected were used to produce 4 petrodiesel samples with cloud points of approximately -40F, -30F, -15F,
and +10F. These were used for subsequent cold flow analysis and blending with biodiesel.



Seven biodiesel samples (B100) were collected and ranged from +27.5°F to +53.6°F in cloud point. This
represents a range of only 26.1°F. This is less than half the variation in cloud point than petrodiesel,
although the range is higher than that of petrodiesel. These were used for subsequent cold flow analysis
and blending with petrodiesel.

The neat fuels and blends of B2, B5, B11, B20 and B50 were analyzed and reported for Cloud Point, Cold
Filter Plugging Point (CFPP), and Low Temperature Flow Test (LTFT). The pour point of the neat biodiesel
and B50 blends were also analyzed. In some cases the impact on cold flow properties of blending
biodiesel with petrodiesel appeared to be mostly linear, while in others the impact was curvilinear. In all
cases except a few with low blends of biodiesel where the CFPP of the blend was slightly below that of the
petrodiesel, the blended fuel values fell between the pure petrodiesel and pure biodiesel values for all
three cold flow measurements.

This information was developed to provide an independent, updated database on ULSD and biodiesel
blends and cold flow impacts of the addition of biodiesel. The report does not provide data on the
beneficial impact of cold flow additives, but a second phase has been planned to provide independent
testing on the impact of cold flow improving additives on CFPP and LTFT of some commercial additives.

The reader is cautioned not to associate the individual cloud point values of the fuels or blends used in
this study as any sort of ‘average’ or ‘accepted’ value for those fuels. Actual values for #1 or #2 fuels or
their blends, or actual values for biodiesel made by various processes and oils or their blends, will vary in
the market. The user is advised to utilize actual test data on the fuels they plan to use rather than assume
some sort of generic value.



APPENDIX A

Table A1l: Raw data for neat ULSD fuels.

Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Neat ULSD °F | N=1 N=2 N=1 N=2 N=1 N=2 N=1 N=2
-40 418  -454 | -508 -472 | -382 382 | -59.8  -49.0
-30 292 292 | -292 292 | -256 274 | 544 5938
-15 148  -148 | -148  -184 | -13.0  -148 | -49.0  -43.6
10 10.4 10.4 122 104 10.4 10.4 5.8 5.8
Table A2: Raw data for neat biodiesel fuels.
Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Neat
Biodiesel N=1 N=2 | N=1  N=2 N=1 N=2 N=1 N=2
Low Cloud, 26.6 284 | 266 266 28.4 28.4 26.6 26.6
Non-Distilled
Low Cloud, 28.4 284 | 266 266 28.4 28.4 32.0 32.0
Extruded
Low Cloud, 28.4 302 | 284 284 30.2 30.2 32.0 32.0
Distilled
Mid Cloud 33.8 338 | 320 320 33.8 33.8 37.4 37.4
Mid-High 44.6 446 | 446 446 46.4 46.4 50.0 48.2
Cloud A
Mid-High 46.4 464 | 464 464 48.2 48.2 48.2 48.2
Cloud B
High Cloud 53.6 536 | 53.6 518 57.2 62.6 53.6 53.6




Table A3: Raw data for biodiesel blends using -40°F ULSD fuel.

-40°F ULSD Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Biodiesel Blend N=1 N=2 N=1 N=2 N=1 N=2 N=1 N=2
B2 -36.4 -34.6 -52.6 -52.6 -38.2 -32.8
B5 -29.2 -27.4 -32.8 -41.8 -31.0 -23.8
Low Cloud,
. B11 -20.2 -18.4 -23.8 -23.8 -20.2 -16.6
Non-Distilled
B20 9.4 -11.2 -11.2 -11.2 -11.2 -7.6
B50 8.6 8.6 8.6 8.6 8.6 12.2 5.0 -0.4
B2 -34.6 -36.4 -52.6 -54.4 -38.2 -32.8
B5 -31.0 -32.8 -31.0 -34.6 -27.4 -20.2
Low Cloud,
B11 -18.4 -18.4 -23.8 -23.8 -16.6 -14.8
Extruded
B20 -11.2 -11.2 -13.0 -13.0 9.4 -5.8
B50 8.6 8.6 6.8 6.8 10.4 12.2 5.0 5.0
B2 -36.4 -40.0 -45.4 -45.4 -38.2 -34.6
B5 -29.2 -27.4 -32.8 -32.8 -31.0 -27.4
Low Cloud,
. B11 -18.4 -16.6 -20.2 -22.0 -18.4 -20.2
Distilled
B20 -11.2 -11.2 -11.2 -11.2 -11.2 -11.2
B50 6.8 6.8 6.8 6.8 8.6 8.6 10.4 10.4
B2 -34.6 -34.6 -52.6 -52.6 -32.8 -34.6
B5 -27.4 -25.6 -31.0 -31.0 -23.8 -22.0
Mid Cloud B11 -18.4 -16.6 -18.4 -18.4 -11.2 -11.2
B20 -9.4 -7.6 -5.8 -5.8 -7.6 -4.0
B50 12.2 12.2 12.2 12.2 15.8 15.8 10.4 104
B2 -32.8 -32.8 -41.8 -43.6 -34.6 -34.6
o B5 -23.8 -23.8 -25.6 -25.6 -25.6 -25.6
Mid-High
B11 -14.8 -11.2 -13.0 -11.2 9.4 9.4
Cloud A
B20 -0.4 -2.2 1.4 -0.4 5.0 5.0
B50 23.0 24.8 24.8 24.8 26.6 26.6 26.6 26.6
B2 -31.0 -31.0 -36.4 -34.6 -31 -31.0
o B5 -22.0 -22.0 -22.0 -22.0 -22.0 -22.0
Mid-High
B11 -9.4 94 -7.6 -7.6 -7.6 -5.8
Cloud B
B20 3.2 3.2 3.2 5.0 5.0 NA
B50 26.6 26.6 26.6 26.6 26.6 NA 26.6 26.6
B2 -29.2 -27.4 -31.0 -31.0 -22.0 -20.2
B5 -16.6 -16.6 -13.0 -14.8 -13.0 94
High Cloud B11 10.4 -4.0 6.8 -0.4 15.8 NA
B20 44.6 17.6 21.2 41.0 59.0 42.8
B50 48.2 33.8 50.0 50.0 57.2 60.8 37.4 37.4




Table A4: Raw data for biodiesel blends using -30°F ULSD fuel.

-30°F ULSD Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Biodiesel Blend N=1 N=2 N=1 N=2 N=1 N=2 N=1 N=2
B2 -25.6 -25.6 -31.0 -31.0 -25.6 -23.8
B5 -22.0 -22.0 -29.2 -31.0 -23.8 -20.2
Low Cloud,
. B11 -14.8 -16.6 -20.2 -20.2 -13.0 -7.6
Non-Distilled
B20 -7.6 -7.6 -11.2 9.4 -5.8 -5.8
B50 8.6 104 6.8 8.6 8.6 12.2 5.0 5.0
B2 -25.6 -25.6 -32.8 -32.8 -23.8 -23.8
B5 -20.2 -20.2 -29.2 -31.0 -22.0 -22.0
Low Cloud,
B11 -14.8 -16.6 -22.0 -22.0 -14.8 -2.2
Extruded
B20 -7.6 -7.6 -13.0 -13.0 -7.6 -7.6
B50 8.6 104 6.8 6.8 104 12.2 5.0 5.0
B2 -27.4 -27.4 -29.2 -27.4 -23.8 -23.8
B5 -22.0 -22.0 -25.6 -25.6 -25.6 -22.0
Low Cloud,
. B11 -16.6 -16.6 -16.6 -16.6 -16.6 -14.8
Distilled
B20 -9.4 -9.4 -7.6 -7.6 -7.6 -9.4
B50 6.8 6.8 6.8 6.8 8.6 8.6 10.4 10.4
B2 -25.6 -25.6 -31.0 -29.2 -23.8 -23.8
B5 -13.0 -20.2 -23.8 -23.8 -20.2 -20.2
Mid Cloud B11 -14.8 -14.8 -13.0 -13.0 -7.6 -7.6
B20 -5.8 -5.8 -5.8 -5.8 -4.0 -0.4
B50 14.0 14.0 12.2 14.0 14.0 12.2 10.4 10.4
B2 -25.6 -23.8 -29.2 -29.2 -23.8 -23.8
S B5 -20.2 -20.2 -20.2 -20.2 -18.4 -20.2
Mid-High
B11 -13.0 -13.0 -13.0 -11.2 -9.4 -9.4
Cloud A
B20 -0.4 -2.2 3.2 1.4 5.0 5.0
B50 24.8 24.8 24.8 24.8 26.6 26.6 26.6 26.6
B2 -23.8 -23.8 -27.4 -25.6 -23.8 -23.8 -23.8
L B5 -18.4 -18.4 -16.6 -16.6 -18.4 -18.4 -18.4
Mid-High
B11 -7.6 -7.6 -7.6 -7.6 -5.8 -5.8 -5.8
Cloud B
B20 5.0 5.0 5.0 5.0 6.8 6.8 NA
B50 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6
B2 -22.0 -22.0 -25.6 -25.6 -16.6 -13.0
B5 -14.8 -14.8 -11.2 -11.2 -11.2 9.4
High Cloud B11 23.0 -2.2 30.2 28.4 24.8 NA
B20 46.4 12.2 42.8 21.2 59.0 42.8
B50 51.8 50.0 48.2 50.0 57.2 60.8 32.0 37.4




Table A5: Raw data for biodiesel blends using -15°F ULSD fuel.

-15°F ULSD Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Biodiesel Blend N=1 N=2 N=1 N=2 N=1 N=2 N=1 N=2
B2 -13.0 -13.0 -14.8 -14.8 -13.0 -13.0
B5 -11.2 -11.2 -13.0 -11.2 -11.2 -11.2
Low Cloud, — 5, ) 7.6 7.6 9.4 9.4 7.6 7.6
Non-Distilled o o e e o o
B20 -2.2 -2.2 -4.0 -4.0 -4.0 -4.0
B50 10.4 12.2 8.6 10.4 10.4 15.8 5.0 5.0
B2 -13.0 -13.0 -14.8 -14.8 -11.2 -11.2
B5 -11.2 -11.2 -13.0 -13.0 94 -5.8
Low Cloud,
B11 -7.6 -7.6 -13.0 -11.2 -7.6 -4.0
Extruded
B20 -2.2 -2.2 -5.8 -4.0 -2.2 3.2
B50 10.4 12.2 8.6 8.6 10.4 17.6 10.4 10.4
B2 -13.0 -13.0 -14.8 -14.8 -11.2 -13.0
B5 -11.2 -11.2 -13.0 -14.8 -11.2 -11.2
Low Cloud,
L. B11 -9.4 -7.6 -9.4 94 -7.6 -7.6
Distilled
B20 -4.0 -4.0 -4.0 -4.0 -4.0 -5.8
B50 8.6 10.4 8.6 8.6 10.4 10.4 10.4 10.4
B2 -14.8 -14.8 -14.8 -13.0 -13 -13.0
B5 -1.0 -13.0 -11.2 -11.2 -11.2 -11.2
Mid Cloud B11 -7.6 -7.6 -5.8 -5.8 -2.2 5.0
B20 -2.2 -0.4 -0.4 -0.4 -0.4 3.2
B50 15.8 14.0 14.0 14.0 14.0 14.0 10.4 15.8
B2 -13.0 -13.0 -14.8 -14.8 -11.2 -13.0
. . B5 -11.2 -11.2 -11.2 -13.0 -11.2 -11.2
Mid-High 51 7.6 5.8 5.8 5.8 5.8 5.8
Cloud A e e e e e e
B20 1.4 1.4 1.4 5.0 3.2 5.0
B50 24.8 23.0 24.8 24.8 26.6 26.6 26.6 26.6
B2 -13.0 -13.0 -13.0 -13.0 -11.2 -13.0
. . B5 -11.2 -11.2 9.4 -7.6 9.4 9.4
Mid-High
B11 -2.2 -4.0 -2.2 -2.2 1.4 NA
Cloud B
B20 6.8 6.8 5.0 5.0 6.8 NA
B50 28.4 26.6 26.6 26.6 28.4 30.2 32.0 26.6
B2 -11.2 -11.2 -14.8 -13.0 9.4 9.4
B5 -7.6 -7.6 1.4 3.2 3.2 8.6
High Cloud B11 1.4 1.4 3.2 17.6 24.8 NA
B20 41.0 14.0 42.8 21.2 60.8 44.6
B50 53.6 51.8 48.2 50.0 57.2 62.6 37.4 37.4




Table A6: Raw data for biodiesel blends using +10°F ULSD fuel.

+10°F ULSD Cloud Point °F Plug Point °F LTFT °F Pour Point °F
Biodiesel Blend N=1 N=2 N=1 N=2 N=1 N=2 N=1 N=2
B2 104 104 12.2 12.2 12.2 12.2
B5 10.4 10.4 12.2 12.2 14.0 15.8
Low Cloud,
. B11 12.2 12.2 14.0 12.2 14.0 15.8
Non-Distilled
B20 14.0 12.2 14.0 14.0 19.4 17.6
B50 194 194 15.8 15.8 194 194 15.8 15.8
B2 104 104 12.2 12.2 104 104
B5 12.2 10.4 14.0 12.2 14.0 15.8
Low Cloud,
B11 12.2 12.2 14.0 12.2 15.8 15.8
Extruded
B20 14.0 14.0 14.0 15.8 15.8 17.6
B50 194 194 14.0 15.8 21.2 194 15.8 15.8
B2 10.4 10.4 12.2 12.2 10.4 10.4
B5 12.2 104 12.2 12.2 104 104
Low Cloud,
. B11 12.2 10.4 12.2 12.2 12.2 12.2
Distilled
B20 12.2 12.2 14.0 14.0 12.2 12.2
B50 15.8 15.8 17.6 17.6 17.6 19.4 15.8 15.8
B2 104 104 12.2 12.2 104 104
B5 10.4 10.4 12.2 10.4 12.2 12.2
Mid Cloud B11 10.4 104 12.2 12.2 12.2 12.2
B20 14.0 14.0 15.8 15.8 14.0 14.0
B50 21.2 21.2 21.2 19.4 23.0 23.0 21.2 21.2
B2 10.4 10.4 12.2 12.2 12.2 10.4
o B5 104 104 12.2 12.2 12.2 104
Mid-High
B11 12.2 12.2 14.0 14.0 12.2 10.4
Cloud A
B20 14.0 14.0 14.0 15.8 14.0 14.0
B50 28.4 28.4 28.4 26.6 28.4 28.4 26.6 26.6
B2 12.2 12.2 12.2 12.2 12.2 104
. . B5 12.2 10.4 12.2 14.0 14.0 12.2
Mid-High
B11 14.0 14.0 14.0 14.0 14.0 194
Cloud B
B20 17.6 17.6 17.6 17.6 17.6 17.6
B50 32.0 33.8 30.2 30.2 30.2 30.2 32.0 32.0
B2 12.2 10.4 12.2 12.2 14.0 12.2
B5 14.0 12.2 14.0 15.8 14.0 17.6
High Cloud B11 15.8 15.8 17.6 17.6 23.0 23.0
B20 21.2 21.2 37.4 41.0 62.6 46.4
B50 35.6 37.4 42.8 37.4 62.6 57.2 37.4 37.4




APPENDIX B

Figure B1. Certificate of Analysis for #1 ULSD.

CountryMark.

COUNTRYMARK COOPERATIVE, L.L.P.
1200 Refinery Road, Mount Vernon, IN 47620

CERTIFICATE OF ANALYSIS

#1-Diesel
Kerosene
02/27/09

AP.L Gravity (ASTM D-287}

Sulfur, ppm (ASTM [-4294)

Flash, Penski-Martin, F (ASTM D-83)
Cetane Index (ASTM D-4737)

Cloud Point, F (ASTM D-2500)

Pour Point, F (ASTM D-97)

Distillation (ASTM D-86)
IBP
0%
0%
90%
EBP

L. Nathaniel Robertson

Chief Chenst/Laboriatory Supervisar
212-838-8173
512-838-8186 Fax

Robertsoniecountryimark. com
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Figure B2. Certificate of Analysis for #2 ULSD.

e CountryMark.

COUNTRYMARK COOPERATIVE, L.L.P.
1200 Refinery Road, Mount Vernon, IN 47620

CERTIFICATE OF ANALYSIS

#2-Diesel

Ultra Low Sulfur Diesel

02/27/09
APL Gravity (ASTM D-287) 358
Sulfur, ppm (ASTM D-4294) 10.1
Flash, Penski-Martin, F (ASTM D-93) 171
Cetane Index (ASTM D-4737) 46.0
Cloud Point, F (ASTM D-2500) 4.0
Pour Point, F (ASTM D-97) =15.0
Distillation (ASTM D-86) F:
IBP 379
10% 4035
5{}“51: 491
909, 601
EBP 631
L. Nathaniel Rpbertson
Chiel Chemist/ Laboratory Supervisor
812-838-8173

B12-B38-8186 Fax

Robersonid countrymark com



Figure B3. Certificate of Analysis for Low Cloud biodiesel.

”~
“REG

e

Form

Biodiesel Certificate of Analysis

FM.LB 21 Biodiese| Certficate of Analysis
{REG)

41872008

Current Version:

i
“REG

Lot Number: T01-50001-090524-T107

Product Type: REG-8000-1

Infet Seal Humber: JZ2E94

Cate Reported: 05-28-2009

ASTM D 6751 Analysis of REG-2000™ Biodiesel

Test Parameter Result NIRRT e | Deeee

Cloud point: 0°C (3206 [Repont Ropart "G |o 2500

[Free Giycerin: 0.008 D020, max D014 Sy — |o ss84

Total Giyoerin: 0143 0. 240, max 0. 160 % Mass |U a584
[Monopiyeerides' 0.483 rie fosa [ Mass  |D&584
[ATT—— 0,048 iz }u.zu % Mass |0 6584
Trigiycarides ™ 0 nin .15 % Mass  |D 6584
[Water & Sediment: o 0.050, mex  [0.020 % Volume  |D 2709

Acid Number: 0.337 0,50, max 40 |mg KOHIg  |D 684

Visual inspection: 1 2, max 1 Haze [ 4176, Procedure 2
[Retative Density at 60°F; neess e bes-oso ol 01268
I.Q'lmrl Stability (110 *C): B3 3.0, min 3.0 hrs bil’l 14112
[Fiash point (closed cup): 130 fo2. min s " o a3

Alcchol | Option 1: Mathanal nia 0.2 max |02 % voluma  [EN 14110
Contrel | gption 2: Flash point 130 130 130 "G Tnn

[Molsturs®: 0.030 b kbosw % Volume (203
|coid scak Fineation:= 82 360 200 leconds  |D 8751 Annex
[Suttur: 18 15 10 lppen D 2622
[sodium & Potassium Gombined: <1 5, max 15 Ippm (ugig)  [EN 14538
[caicium & Magnesium Combined: <” 5 e 1.0 ippm (ugig)  |EM 14538
[Phospharus: <0,0001* 000, max  |0.001 % Mass (D 4351
Carban Residue: <005*  fooso, max o050 % Mass  |D 4530
[Subfated Ash: <0005 020 max 0020 %Mass  |DAT4
[Kinemsatic Viscosity t 40°C: 431" 1980 318-50  |mm'sec.  [D 445
|Copper Carrosian (3 hrs at 50 °C): 1 No.3max  [No. 1 nia e
Distillation at 80% Recovered: 30 380, max " o 1180
Catane Numbar: a7 47 min 47 Inia o613

1214 Tessa mremol A5 TM O 6751 nor BOSO0D spacication "surnments.
* This rsl in thes most mcan! Ao sehs 107 s R o s pan In seOmmncs Wi BC-S00 mquismenls s Bl i primed perosmil

Please contact Inside Sakes at Renewable Energy Group, Inc. st (BBE]TI4-BERE with any questions or comments about this product.




Figure B4. Certificate of Analysis for Low Cloud, Distilled biodiesel first batch.

PETER CRE

NEXSOL BD-99.9 BIODIESEL

ASTM D 6751 (EPA 4627)
Lot #: PN02758336

MIER

Property ASTM Method Limits Results
Flash Point D93 130° C min ST TS
Water & Sediment D2709 0.050 % vol. max <1003
Kinematic Viscosity, 40° C D445 1.9-6.0 mm*/sec. 4.0
Sulfated Ash DE74 0.020 % mass max <0005
Sulfur D5453 13ppm max <]
Copper Strip Corrosion D130 No. 3 max la
Cetane Da13/ D68S0 47 min. 47
Cloud Point D2500 Report to customer 0°C
Carbon Residue, 100% sample D4530 0.050 % mass max <(,050
Acid Number D664 .50 mg KOH/gm max <0.05
Free Glycerine D6584 0.020 Y% mass max 0,006
Total Glycerine D534 0.240 % mass max <0.050
Phosphorus Content D4951 0.001 % mass max <0.000
Distillation temp., atmospheric D1160 360 °C max 3527¢
equiv. temp.. 90% recovered
Sodiom & Potassium Metals EN 14338 5ppm max combined <2.0
Calcium & Magnesium Metals EN 14538 Sppm max combined <20
Oxidation Stability EN 14112 3 hours minimum 6.4
Visual Inspection D 4176 (#2) 2 maximum 1
i . 200 winter/360 sammer

i F 75 7
Cold Soak Filtration D6751 Appendix e 57
Customer | | Invoice #
Customer PO#: [ [ Ship Dete: | TR T
Quantity _ - | Seaks =

e ey Loty L Tary Noc QC Laboratery Analyst
. 121208 P Name Position
Signature Dhate
Shipping Location _ Peter Cremer Nerth America, LP, Cincinnati, OH

This analysis is not 1o be constmued 25 & wamanty. Customer is responsible to verify the lot and code
numbers of product received with the numbers contained on this report znd perform any other analyses
necessary fo determine suitability of the produet described above for the use intended by the customer,

.ci'fl

_B
¥ nexsol

3117 Southside Avenus » Cincinnati, OH 45204
« (513) 471-T200 = Fax (513) 284-7775
Tall Freee (877) 801-T262




Figure B5. Certificate of Analysis for Low Cloud, Distilled biodiesel second batch.

PETER CREMER

NEXSOL BD-99.9 BIODIESEL

ASTM D 6751 (EPA 4627)
Lot #: PN02738366

Property ASTM Method Limits Results

Flash Point D93 ~ 130°C min ~160°C
Water & Sediment DIv09 0.050 "% wal. max <ih, (05
Kinematic Viscosity, 40° C D443 1.9:6.00 o’ (sec. 4.0
Sulfated Ash Dav4 (020 % s max <i.0035
Sulfur 05453 13ppm max =l
Capper Strip Corrosion D130 Kao: 3 max Tn
Cetane D613 Dasai A7 min. 51
Cloud Point D2500 Repart to cugtomer e
Carbon Residue, 100% sample Dasio 0,050 % mass max <050
Acid Namber DG4 .50 mg KOH/gm max 0.14
Free Glycerine DaSRS L0240 % mass max 0.003
Total Glyeerine D584 0,240 % mass max 0050
Phosphorus Content D551 (LO0] % mass max =<),000
Distillation temp., aimospheric D160 360 *C max EnE
equiv, temp., 9% recovered

Sadiom & Potassium Metals ENM 14538 Sppm max combined <30
Caleium & Magnesium Metals EN 14538 Sppm max combined <2.0
Oidation Stability EM 14112 3 howrs minimum B LERY)
Viszal Inspection D417e (#2) 2 maximum |

K . i g 200 wimter 360 semmer

Cold Soak Filtration DG75] Appendix e 32
Customer Ivoice 2

" Costomer POk ey Sl’l:rp [Hte - ==

—amu‘:' P - - 2 —— 1@5— e ———————————————————————

'y
= -'l:u-" _-"' Tary Meoe (M Lubormiory Anaiysa
Ly 0277 Name it
Alpusnire Thakr

Shippieg Losatinn _ Peter Cromer Morth Ameris, LT, Clncinnati, (H

This analyszs 15 not to be construed as & waranty, Customer is respensible o verify the lot md code
rumbers of product recerved with the numbers contained on this repor and perfonn aity other nnalyses
fbceiary b detzrmine suitabality of the product descrived above for the use mlended by the customer

il

!é@? -
v v ¥ nexsol

11T Boulhsade Avenus « Gincinnati, OH 45204
o (B13) 4797200 = Fax (513) 2487775
Tall Frea (87T} 901-7 262




Figure B6. Certificate of Analysis for Mid Cloud biodiesel.

{ cestral \ | b .| Biodiesel Certificate of Analysis -
1 Hnergy p’r-:n-d.ul:led a | 8 ) : REG
| SR & RO FiLLE.Z21 Biodiesel Certificate of Analysis- | Replaces:
F::E;' REG 20050701 FM.LB.14b
Lot Number: 803-80010-090720-T3 Product Type: REG-3000-10
Inlet Seal Number: 287215 Date Reported:  7/21/2008
ASTM D 6751 Analysis of REG-3000™ Biodiesel
Test Parameter Result t?;: RES:;:M Units i:-ﬁl;ﬂm:::ﬁg]
Flnud point: {_ I .'g 12°C (53.8'F) Repart Report “C 02500
IFI‘HE Glyeerin: 0.006 0.020, max 0.014, max % Mass D'6584
Total Glyeerin: 0.055 0240, manx 0160, max % Mass O 6584
|Menoglycerides : 0.28% va 0.50 % Mass |0 6584
|oigyesrides™ 0.071 nia 0,20 % Mass  |D G584
Trighycerides”; 0.020 nla 0.20 U, Mass |0 6584
ater & Sediment: 0 0.050, max 0,020, max % Volume |D 2708
|Acid Number: 024 050, max 0,40, max mg KOH/g ﬁ 664, Test Meihod A
|Visual Inspection: 1@ 738F 2, max 1, max Haze D 4176, Procedure 2
Relative Density at §0°F: 08770 nia 086-051 |nfa D1298
lOxidation Stability (110 *C); 13.0 3.0, min 3.0, friin hrs EN 14112
IFlash point (closed cup): 1310 93, min 93, min *C D &3
Alcohol Option 1. Methanol n'a 0.2, max 0.2, max % Volume (EN 147110
Control | gption 2: Flash point 131.0 130 130 c D o3 e
Maisture”: 0.032 nia 0040, max % Violume |E203
|Cold Soak Filtration: 130 360 200 f 360" seconds  |DETST Annex
Sulfur: 12 15 12 ppm [ 5453
|Sadium & Potassium Combined: <10* 5, max 1.5 ppm (palg) [EN 14538 |
Calcium & Magnesium Combinad: <1.0° 5, max 1.5 ppm {pg/g) [EM 14538
Phaspharus: =0,0001° 0.001, max 0.001, max  [% Mass D 4951
[ICarbon Residue: <0.05* 0.050, max 0.050, max % Mass D 4530
Sulfated Ash: <0.005" 0.020. max 0.020, max % Mass DET4
Kinematic Viscosity at 40 °C: 4,599 1880 38-50 mmisec. (0445
Copper Corrosion (3 hrs at 50 "C): 1a* Mo, 3, max Mo 1, max nia 0130
Distillation at 90% Recovered: 351 380, max 360, max be D 1180
Cetane Number: 58 3 47, min 47, min nia DE13

"B These ase not ASTM D BT51 or BOAGH soeciicatan sequirements

* This resut & iha most fecent acquired value for this product from s plant. In accordance with BO-0000 requirements, this test is perfomad ﬁl‘loﬂlﬁlly
= REG-8000-1 ard REG-ROD3-5 have 8 cold soak filstan imi of 200 sac. REG-PI00-10 has A coid soak firation imi of 383 sac

Frepared by.

Jolin Kiley, Quality Assurance Manager, Certral lowa Energy

y

First Mame Last Name , Title, Company

07,/21/2009

Please contact Inside Sales of Renewable Energy Group, Inc. al (388)7 348685 for all questions and comments about this product.




Figure B7. Certificate of Analysis for Mid-High Cloud B biodiesel.

Form

Biodiesel Certificate of Analysis

“REG

FM.LB.21 Biodiese| Certificate of Analysis (REG) 20081014

Lot Mumber: B02-80010-090402-T5 Product Type: REG-9000-10
Inlet Seal Number: 5524 Date Reported: 4-7-09
CFPP 8°C
ASTM D 6751 Analysis of REG-3000™ Biodiesel
Test Parameter Result ey RES:::M Units s
Cloud point: ey 10°C (50°F) Report Report °C D 2500
Free Glycerin: 0.007 0.020, max 0.014 % Mass D 6534
Total Glycerin: 0.082 0.240, max 0160 % Mass 6584
|Monoglycerides’: 0.276 nia 0.50 |% Mass D 6584
Diglycerides™ 0.071 nia 0.20 % Mass D 6584
Triglycerides™ 0.024 n/a 015 % Mass D 55684
Water & Sediment: <0005  |0.080.max |0.020 % Volume  |D 2709
Acid Number: 0.168 0.50, max 0.40 mg KOHig D 884
Visual Inspection: 1@751 2, max 1 Haze D 4176, Procedure 2
Relative Density at 60°F: 0.8775 nfa 0.85-0.90 n/a D1288
Oxidation Stability (110 °C}): 6.01 3.0, min 3.0 hre EM 14112
|Fiash point (closed cup): 151 83, min a3 s D93
Alcohol Cption 1: Methanol nia 0.2, max 0.2 % Mass EM 14110
Control | option 2: Flash point 151 130 130 e D3
Moisture: 0.018 n/a 0.040 % Volume  |E203
|Cold Soak Filtration: 8g 260 200 seconds D 6751 Annex
Sulfur: 75 15 10 ppm D 5453
Sodium & Potassium Combined: <1.0 5, max 15 ppm (Lg/g) EN 14538
Calecium & Magnesium Combinad: =1.0 S, max 1.0 ppm (pg/g) |[EN 14538 —=
Phosphorus: <0.0001 0.001, max 0.001 % Mass 0 4851
Carbon Residue: <0.05 0,050, max 0.0580 % Mass D 4530
Sulfated Ash: <(.005 0.020, max  |0.020 % Mass DE74
Kinematic Viscosity at 40 °C: 4523 1860 3.8 -50 mm’isec. D 445
Copper Corrosion (3 hrs at 50 *C): 1a Mo. 3, max Mo. 1 nia D130
Distillation at 80% Recaovered! 350 360, max 380 °C D 1180
Cetane Number: 59.5 47, min 47 nia D 6880

&M These are not ASTM D 8751 nor BRE00D spesification raquirements.
* This result is &0 average of e 3 pravials resalts far inis product from this plant. In sccordance with BO-2000 requirements {Section B), ihis test Is perormed penodically

Praparad by:

T T W S

Laboratory Coordinator

Western lowa Energy, LLC

4-7-09

Mame

Title Company

Date

Please contact Inside Sales at Renewable Energy Group, Inc. at (B28)734-8685 with any questions or comments about (his product.




Figure B8. Certificate of Analysis for High Cloud biodiesel.

e =

%

Biodiesel Certificate of Analysis

: “REG
i | Replaces:
70790010090425T501 J NA
Lot Number: T70790010090425T501 Product Type: REG-9000-10
Inlet Seal Number: N/A Date Reported: 042509
ASTM D 6751 Analysis of REG-9000™ Biodiesel
Test Parameter Result tlsn:?: RES :::D u Units ‘l"::ﬂmrﬂﬁ}
[Cloud point: [ 12\ @ (41°F)  |Report Report °C D 2500
IErae Glyrarin: =0,006 0,000 max - 0.014 5% Mace D &5fA
Total Glycerin: 0.063 0.240, max 0.160 % Mass D 6584
|Monoglycerides 0.170 nia 050 % Mass D 6584
Diglycarides®: 0.078 n/a 0.20 |5 Mass D 6584
Triglyoerides™: 0.071 nia 0.15 % Mass D 6584
Water & Sediment: <0.025 0.050, max 0.020 % Volume D 2709
Acid Number; 0.35 0.50, max 0.40 mg KOH/g O G54
Visual Inspection: 1 2, max 1 Haze D 4176, Procedure 2
Relative Density at 60°F: 0.8755 n'a 0.85 - 0.80 nia D1298
Oxidation Stability (110 °C): 58 3.0, min 3.0 5 hrs EM 14112
Flash point (closed cup): =150 93, min 93 °C Da3
Alcohol Option 1: Methanol nia 0.2, max 0.2 % Volume EM 14110
Control | gption 2: Flash point *150 130 130 g D83
Molisture®: 0.016 n/a 0.040 % Volume E203
Cold Soak Filtration: 80 360 200 seconds D 68751 Annex
Sulfur: 7.0 15 10 pPpm .D 5453
Sodium & Potassium Combined: <1 5. max 15 ppm (ua/g)  [EN 14538
Caleium & Magnesium Combined: <1 5, max 1.6 ppm (uglg) EM 14538
Phosphorus: <0001 0.001, max 0.001 % Mass D 4951
Carbon Residue: <(.08 0.050, max 0.050 % Mass D 4530
Sulfated Ash: <0005 0.020, max 0.020 % Mass Dav4
Kinematic Viscosity at 40 "C: 4 662 1.9-6.0 aa-50 mmeisac. D 445
Copper Corrosion (3 hre at 50 *C): 1a Ma. 3, max M. 1 nfa D130
Distillation at 90% Recovered: 354 360, max 360 e D 1160
Cetane Number: /5.8 47, min 47 nla D813
34 Thess are ot ASTM D 6751 nor BOBOOD specfication reguirements.
Prepared by: Jared Doiron Lak Manager REG-Houston 04-25-09
Narme Title Company Date

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




