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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 
Cloud (°F) 

Tested Cloud 
(°F) 

Density 
(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 
Cloud Point 

(°F) 

Tested Cloud 
Point 
(°F) 

n Density 
(g/mL) 

Low Cloud, 
Non-distilled 

NA +27.5 2 0.8792 

Low Cloud, 
Extruded 

+32.0 +28.4 2 0.8793 

Low Cloud, 
Distilled 

+32.0 +29.3 2 0.8775 

Mid Cloud 
 

+53.6 +33.8 2 0.8783 

Mid-High 
Cloud A 
 

NA +44.6 2 0.8711 

Mid-High 
Cloud B  

+50.0 +46.4 2 0.8699 

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   
-40°F 

% Blend for   
-30°F 

% Blend for   
-15°F 

% Blend for 
+10°F 

#1 ULSD 90% 80% 57% -- 
#2 ULSD 10% 20% 43% 10% 

High Cloud #2 -- -- -- 90% 
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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 
Value (°F) 

Result  
(°F) 

n 

Cloud Point    
 +39.2°F +39.2  ±  0 4 
 +10.4°F +9.5  ±  1.1 4 
 -5.8°F   -7.6  ±  0 4 

CFPP    
 +1.4°F +3.2  ±  0 2 
 -25.6°F -23.8  ±  0 2 

Pour Point    
 21.2°F  +21.2  ±  0 2 
 5°F +5  ±  0 2 

 

 

 

 

 

 

 

 

 



RESULTS 

Figure 2.  Cloud point temperatures. 
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Cloud Points with -15°F ULSD
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Cloud Points with -30°F ULSD
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Cloud Points with -40°F ULSD
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Figure 3.  CFPP temperatures. 
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Figure 4.  LTFT temperatures. 
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LTFT with -15°F ULSD
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LTFT with -30°F ULSD
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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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Methods:  Low Cloud, Distilled with -30 °F ULSD
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Figure 8.  Methods comparison for Low Cloud, Extruded product. 
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Methods:  Low Cloud, Extruded with -15 °F ULSD
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Methods:  Low Cloud, Extruded with -30 °F ULSD
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Methods:  Low Cloud, Extruded with -40 °F ULSD
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Figure 9.  Methods comparison for Low Cloud, Non-Distilled product. 
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Methods:  Low Cloud, Non-Distilled with -15 °F ULSD
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Methods:  Low Cloud, Non-Distilled with -30 °F ULSD
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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. 

 

Methods:  Mid-High Cloud, A with 10 °F ULSD
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Methods: Mid-High Cloud, A with -15°F ULSD
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Figure 12.  Methods comparison for Mid-High Cloud, B product. 

 

Methods:  Mid-High Cloud, B with 10 °F ULSD
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Methods:  Mid-High Cloud, B with -15 °F ULSD

0 10 20 30 40 50 60 70 80 90 100

CP
CFPP
LTFT

Blend Ratio (% Biodiesel)

Te
m

pe
ra

tu
re

 (D
eg

re
es

 F
ah

re
nh

ei
t)

59

-13

-4

5

14

23

32

41

50

-58

-49

-40

-31

-22

Methods:  Mid-High Cloud, B with -30 °F ULSD
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Figure 13.  Methods comparison for High Cloud product. 

 

Methods:  High Cloud with 10 °F ULSD

0 10 20 30 40 50 60 70 80 90 100

CP
CFPP
LTFT

Blend Ratio (% Biodiesel)

Te
m

pe
ra

tu
re

 (D
eg

re
es

 F
ah

re
nh

ei
t)

59

-13

-4

5

14

23

32

41

50

-58

-49

-40

-31

-22

Methods:  High Cloud with -15 °F ULSD

0 10 20 30 40 50 60 70 80 90 100

CP
CFPP
LTFT

Blend Ratio (% Biodiesel)

Te
m

pe
ra

tu
re

 (D
eg

re
es

 F
ah

re
nh

ei
t)

59

-13

-4

5

14

23

32

41

50

-58

-49

-40

-31

-22

Methods:  High Cloud with -30 °F ULSD

0 10 20 30 40 50 60 70 80 90 100

CP
CFPP
LTFT

Blend Ratio (% Biodiesel)

Te
m

pe
ra

tu
re

 (D
eg

re
es

 F
ah

re
nh

ei
t)

59

-13

-4

5

14

23

32

41

50

-58

-49

-40

-31

-22

Methods:  High Cloud with -40 °F ULSD

0 10 20 30 40 50 60 70 80 90 100

CP
CFPP
LTFT

Blend Ratio (% Biodiesel)

Te
m

pe
ra

tu
re

 (D
eg

re
es

 F
ah

re
nh

ei
t)

59

-13

-4

5

14

23

32

41

50

-58

-49

-40

-31

-22

a b

c d

 

 

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 A1:  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 -41.8 -45.4 -50.8 -47.2 -38.2 -38.2 -59.8 -49.0 
-30 -29.2 -29.2 -29.2 -29.2 -25.6 -27.4 -54.4 -59.8 
-15 -14.8 -14.8 -14.8 -18.4 -13.0 -14.8 -49.0 -43.6 
10 10.4 10.4 12.2 10.4 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, 
Non-Distilled 26.6 28.4 26.6 26.6 28.4 28.4 26.6 26.6 

Low Cloud, 
Extruded 28.4 28.4 26.6 26.6 28.4 28.4 32.0 32.0 

Low Cloud, 
Distilled 28.4 30.2 28.4 28.4 30.2 30.2 32.0 32.0 

Mid Cloud 33.8 33.8 32.0 32.0 33.8 33.8 37.4 37.4 

Mid-High 
Cloud A 44.6 44.6 44.6 44.6 46.4 46.4 50.0 48.2 

Mid-High 
Cloud B 46.4 46.4 46.4 46.4 48.2 48.2 48.2 48.2 

High Cloud 53.6 53.6 53.6 51.8 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 

Low Cloud, 
Non-Distilled 

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 
  B11 -20.2 -18.4 -23.8 -23.8 -20.2 -16.6 
  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 

Low Cloud, 
Extruded 

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 
  B11 -18.4 -18.4 -23.8 -23.8 -16.6 -14.8 
  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 

Low Cloud, 
Distilled  

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 
  B11 -18.4 -16.6 -20.2 -22.0 -18.4 -20.2 
  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 

Mid Cloud 

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 
  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 10.4 

Mid-High 
Cloud A 

B2 -32.8 -32.8 -41.8 -43.6 -34.6 -34.6 
  B5 -23.8 -23.8 -25.6 -25.6 -25.6 -25.6 
  B11 -14.8 -11.2 -13.0 -11.2 -9.4 -9.4 
  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 

Mid-High 
Cloud B 

B2 -31.0 -31.0 -36.4 -34.6 -31 -31.0 
  B5 -22.0 -22.0 -22.0 -22.0 -22.0 -22.0 
  B11 -9.4 -9.4 -7.6 -7.6 -7.6 -5.8 
  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 

High Cloud 

B2 -29.2 -27.4 -31.0 -31.0 -22.0 -20.2 
  B5 -16.6 -16.6 -13.0 -14.8 -13.0 -9.4 
  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 

Low Cloud, 
Non-Distilled 

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 
  B11 -14.8 -16.6 -20.2 -20.2 -13.0 -7.6 
  B20 -7.6 -7.6 -11.2 -9.4 -5.8 -5.8 
  B50 8.6 10.4 6.8 8.6 8.6 12.2 5.0 5.0 

Low Cloud, 
Extruded 

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 
  B11 -14.8 -16.6 -22.0 -22.0 -14.8 -2.2 
  B20 -7.6 -7.6 -13.0 -13.0 -7.6 -7.6 
  B50 8.6 10.4 6.8 6.8 10.4 12.2 5.0 5.0 

Low Cloud, 
Distilled 

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 
  B11 -16.6 -16.6 -16.6 -16.6 -16.6 -14.8 
  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 

Mid Cloud 

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 
  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 

Mid-High 
Cloud A 

B2 -25.6 -23.8 -29.2 -29.2 -23.8 -23.8 
  B5 -20.2 -20.2 -20.2 -20.2 -18.4 -20.2 
  B11 -13.0 -13.0 -13.0 -11.2 -9.4 -9.4 
  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 

Mid-High 
Cloud B 

B2 -23.8 -23.8 -27.4 -25.6 -23.8 -23.8 -23.8 
 B5 -18.4 -18.4 -16.6 -16.6 -18.4 -18.4 -18.4 
 B11 -7.6 -7.6 -7.6 -7.6 -5.8 -5.8 -5.8 
 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 

High Cloud 

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 
  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 

Low Cloud, 
Non-Distilled 

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 
  B11 -7.6 -7.6 -9.4 -9.4 -7.6 -7.6 
  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 

Low Cloud, 
Extruded 

B2 -13.0 -13.0 -14.8 -14.8 -11.2 -11.2 
  B5 -11.2 -11.2 -13.0 -13.0 -9.4 -5.8 
  B11 -7.6 -7.6 -13.0 -11.2 -7.6 -4.0 
  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 

Low Cloud, 
Distilled 

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 
  B11 -9.4 -7.6 -9.4 -9.4 -7.6 -7.6 
  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 

Mid Cloud 

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 
  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 

Mid-High 
Cloud A 

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 
  B11 -7.6 -5.8 -5.8 -5.8 -5.8 -5.8 
  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 

Mid-High 
Cloud B 

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 
  B11 -2.2 -4.0 -2.2 -2.2 1.4 NA 
  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 

High Cloud 

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 
  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 

Low Cloud, 
Non-Distilled 

B2 10.4 10.4 12.2 12.2 12.2 12.2 
  B5 10.4 10.4 12.2 12.2 14.0 15.8 
  B11 12.2 12.2 14.0 12.2 14.0 15.8 
  B20 14.0 12.2 14.0 14.0 19.4 17.6 
  B50 19.4 19.4 15.8 15.8 19.4 19.4 15.8 15.8 

Low Cloud, 
Extruded 

B2 10.4 10.4 12.2 12.2 10.4 10.4 
  B5 12.2 10.4 14.0 12.2 14.0 15.8 
  B11 12.2 12.2 14.0 12.2 15.8 15.8 
  B20 14.0 14.0 14.0 15.8 15.8 17.6 
  B50 19.4 19.4 14.0 15.8 21.2 19.4 15.8 15.8 

Low Cloud, 
Distilled 

B2 10.4 10.4 12.2 12.2 10.4 10.4 
  B5 12.2 10.4 12.2 12.2 10.4 10.4 
  B11 12.2 10.4 12.2 12.2 12.2 12.2 
  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 

Mid Cloud 

B2 10.4 10.4 12.2 12.2 10.4 10.4 
  B5 10.4 10.4 12.2 10.4 12.2 12.2 
  B11 10.4 10.4 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 

Mid-High 
Cloud A 

B2 10.4 10.4 12.2 12.2 12.2 10.4 
  B5 10.4 10.4 12.2 12.2 12.2 10.4 
  B11 12.2 12.2 14.0 14.0 12.2 10.4 
  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 

Mid-High 
Cloud B 

B2 12.2 12.2 12.2 12.2 12.2 10.4 
  B5 12.2 10.4 12.2 14.0 14.0 12.2 
  B11 14.0 14.0 14.0 14.0 14.0 19.4 
  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 

High Cloud 

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 
  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. 

 



Figure B2.  Certificate of Analysis for #2 ULSD. 

 



Figure B3.  Certificate of Analysis for Low Cloud biodiesel. 

 



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

 



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

 



Figure B6.  Certificate of Analysis for Mid Cloud biodiesel. 

 



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

 



Figure B8.  Certificate of Analysis for High Cloud biodiesel. 

 


