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This  document  is  a  guide  for  those  who  blend,  store,  distribute,  and  use  biodiesel  and  biodiesel  blends.  It  provides  

basic  information  on  the  proper  and  safe  use  of  biodiesel  and  biodiesel  blends  in  compression-­ignition  engines  

activities  understand  procedures  for  handling  and  using  biodiesel  fuels.  

Biodiesel  is  manufactured  from  plant  oils,  animal  fats,  and  recycled  cooking  oils.  Biodiesel’s  advantages  are    

as  follows:

In  this  report,  biodiesel  refers  to  the  fuel  produced  from  renewable  sources  that  meets  ASTM  International  

D6751,  the  standard  for  biodiesel.  A  number  following  the  “B”  indicates  the  percentage  of  biodiesel  in  a  gallon  of  

-­

  

-­

These  issues  can  potentially  be  managed  with  heaters  and/or  changing  engine  seal  and  gasket  materials.  However,  

-­

-­

1.0 Introduction
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2.0 Biodiesel Basics

2.1 What Is Biodiesel?
-­

renewable.  Animal  fats  are  produced  when  the  animal  consumes  plants  or  animals,  and  these  too  are  renewable.  

and  renewable.  

The  biodiesel  manufacturing  process  converts  oils  and  fats  into  chemicals  called  long-­chain  mono  alkyl  esters,  or  

and  can  reduce  engine  life.  These  problems  are  caused  mostly  by  the  greater  viscosity,  or  thickness,  of  the  raw  oils  

Vegetable Oil/
Animal Fat/Waste

Crude
Biodiesel

Crude Glycerin

Biodiesel

Glycerin

Methanol
plus Catalyst Transesteri!cation

Glycerine
Re!ning

Methanol
Recovery

Re!ning

Figure 1. Basic Transesteri!cation Process
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    and  does  not  

testing  and  demonstrations,  are  mislabeled  as  “biofuels.”  If  you  purchase  methyl  ester  that  does  not  meet  ASTM  

to  operate  on  diesel  fuel.  Methyl  esters  are  used  as  an  industrial  lubricant  and  solvent  in  some  applications,  so  be  

ASTM  International
3

-­

from  researchers,  engine  manufacturers,  petroleum  companies  and  distributors,  and  many  other  fuel-­related  enti-­

  

fatty  acids  derived  from  plant  oils  or  animal  fats.  The  term  mono-­alkyl  esters  indicates  that  biodiesel  contains  

biodiesel.  Biodiesel  can  be  made  from  methyl,  ethyl,  isopropyl,  and  other  alcohols,  but  most  biodiesel  research  

-­

-­

place.  Therefore,  in  this  document  we  will  consider  only  methyl  esters.  

A  fuel  comprised  of  mono-­alkyl  esters  of  long  chain  fatty  acids  derived  from  vegetable  oils  or  animal  fats,  desig-­
nated  B100,  and  meeting  the  requirements  of  ASTM  D  6751.  

-­

-­

created  a  market  for  biodiesel.  

2.2 Bene!ts of Biodiesel Use

its  production,  and  because  very  little  petroleum  is  used  in  its  production,  its  use  displaces  petroleum  at  nearly  a  

1-­to-­1  ratio  on  a  life-­cycle  basis.
5,6,7

-­

leum  supplies.
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5
  When  plants  such  as  

  and  other  emissions  

  concentration  in  the  air  because  

  as  it  grows.  When  fossil  fuels  such  as  coal  or  diesel  fuel  are  burned,  

  concentration  levels  in  the  air.  

-­

-­

shows  that  the  effect  of  biodiesel  can  vary  with  engine  design,  calibration,  and  test  cycle.  At  this  time,  the  data    

very  close  to  zero.

In  contrast,  when  biodiesel  is  used  in  boilers  

to  decrease  because  the  combustion  process  

cylinder  with  high-­pressure  spray  combustion  

biodiesel  blends  used  in  boilers  appears  to  be  

independent  of  the  type  of  biodiesel  used.  In  

-­

two  fuels  were  blended,  because  biodiesel    

contains  much  less  sulfur  than  typical  heating  
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Figure 2. Average Emission Impacts of Biodiesel Fuels in CI Engines12
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-­

Even  in  very  low  concentrations,  biodiesel  improves  fuel  lubricity  and  raises  the  cetane  number  of  the  fuel.  

Diesel  engines  depend  on  the  lubricity  of  the  fuel  to  keep  moving  parts,  especially  fuel  pumps,  from  wearing  

sulfur  to  only  15  ppm  and  lowered  aromatics  content,  has  been  to  reduce  the  lubricity  of  petroleum  diesel.  The  

hydrotreating  processes  used  to  reduce  fuel  sulfur  and  aromatics  contents  also  reduces  polar  impurities  such  

2.3 Other Biodiesel Attributes

per  pound.  The  difference  between  these  two  measurements  is  due  to  the  higher  density  of  biodiesel  compared  

with  diesel  fuel.  All  biodiesel,  regardless  of  its  feedstock,  provides  about  the  same  amount  of  energy  per  gallon  or  

per  pound.  Typical  values  are  as  follows:  

   Btu/lb   Btu/gal

diesel  and  biodiesel  both  freeze  or  gel  at  common  winter  temperatures;;  however,  biodiesel’s  freeze  point  may  be  
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-­

cantly  reduces  or  eliminates  the  effects  of  these  property  differences  for  use  as  an  engine  fuel.  However,  since  

  

and  using  it.

gel,  the  viscosity  also  begins  to  rise  to  much  higher  levels  than  most  diesel  fuel  does,  which  can  increase  the  

13
  showed  that,  

or  in  the  fuel  tank  of  a  backup  generator.  If  the  fuel  will  be  stored  for  more  than  a  few  months,  a  stability  additive  

is  recommended,  and  acidity  should  be  measured  monthly.

spills  in  the  environment,  this  is  a  positive  attribute  because  it  biodegrades  more  rapidly.  However,  microbial  con-­

unheard  of  for  petroleum  diesel,  but  anecdotal  evidence  suggests  it  is  a  greater  problem  for  biodiesel  blends.  The  

-­

ing  and  monitoring,  especially  minimizing  water  in  contact  with  the  fuel.  Water  bottoms  must  be  removed  from  

tanks,  and  standing  tanks  should  be  sampled  and  tested  for  microbial  contamination.

3.0 Biodiesel (B100)
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-­

Table 1. Select Properties of Typical No. 2 Diesel and Biodiesel Fuels

Fuel Property Diesel Biodiesel

Fuel Standard ASTM D975 ASTM D6751

Higher Heating Value, Btu/gal ~137,640 ~127,042

Lower Heating Value, Btu/gal ~129,050 ~118,170

Kinematic Viscosity, @ 40ºC (104ºF) 1.3–4.1 4.0–6.0

Speci!c Gravity kg/l @ 15.5ºC (60ºF) 0.85 0.88

Density, lb/gal @ 15.5ºC (60ºF) 7.1 7.3

Carbon, wt % 87 77

Hydrogen, wt % 13 12

Oxygen, by dif. wt % 0 11

Sulfur, wt % 0.0015 max 0.0–0.0024

Boiling Point, ºC (ºF) 180–340 (356–644) 315–350 (599–662)

Flash Point, ºC (ºF) 60–80 (140–176) 100–170 (212–338)

Cloud Point, ºC (ºF) -35 to 5 (-31 to 41) -3 to 15 (26 to 59)

Pour Point, ºC (ºF) -35 to -15 (-31 to 5) -5 to 10 (23 to 50)

Cetane Number 40–55 48–65
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3.1 B100 Quality Speci!cation

Sulfated Ash D874 0.020 max. % mass

Sulfur D5453 0.0015 max. (S15) 
0.05 max. (S500) % mass

Copper Strip Corrosion D130 No. 3 max.

Cetane Number D613 47 min.

Cloud Point D2500 Report to customer ºC

Carbon Residuea D4530 0.050 max. % mass

Acid Number D664 0.50 max. mg KOH/g

Free Glycerin D6584 0.020 max. % mass

Total Glycerin D6584 0.240 max. % mass

Phosphorus Content D4951 0.001 max. % max.

Distillation Temperature, 90% Recovered (T90)b D1160 360 max. ºC

Na and K Combined EN14538 5 max. ppm

Oxidation Stability EN14112 3 min. h

Cold Soak Filterability Annex A1 360 max.c s

a Carbon residue shall be run on the 100% sample.
b Atmospheric equivalent temperature.
c  B100 intended for blending into diesel fuel that is expected to give satisfactory vehicle performance at fuel temperatures at or below 10ºF (-12ºC) 

shall comply with a cold soak !lterability limit of 200 s maximum.

Table 2. Requirements for Biodiesel (B100) Blend Stock as Listed in ASTM D6751

Property Test Method Limits Units

Calcium and Magnesium Combined EN14538 5 max. ppm

Flash Point D93 93.0 min. ºC

Alcohol Control - One of the following must be met:
 1. Methanol Content
 2. Flash Point

EN14110
D93

0.2 max.
130 min.

vol % 
ºC

Water and Sediment D2709 0.050 max. vol %

Kinematic Viscosity, 40ºC D445 1.9–6.0 mm2/s
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D6751  is  based  on  the  physical  and  chemical  properties  needed  for  safe  and  satisfactory  diesel  engine  operation.    

-­

  noun,    a  fuel  comprised  of  mono-­alkyl  esters  of  long  chain  fatty  acids  derived  from  vegetable  oils  or  

High levels of Group I and II metals.

combination,  the  limit  is  5  ppm.  

Flash point.
-­

Alcohol. -­

ing  process.  Residual  methanol  in  the  fuel  is  a  safety  issue,  because  even  very  small  amounts  reduce  the  

-­

gas  chromatography.

Water and sediment.

-­

Viscosity

as  well  as  higher  in-­cylinder  penetration  of  the  fuel  spray,  which  can  result  in  elevated  engine  oil  dilution  



14    Biodiesel Handling and Use Guide (Fourth Edition)    2008

Sulfated ash test.  This  test  measures  the  amount  of  residual  alkali  catalyst  in  the  biodiesel  as  well  as  any  

Sulfur. -­

lyst  systems  when  they  are  deployed  on  diesel  engines  in  the  future.  Sulfur  content  of  15  ppm  or  lower  is  

Copper strip corrosion test.

biodiesel  fuel,  but  prolonged  contact  with  these  catalysts  can  degrade  the  fuel  and  cause  sediment  to  form.  

Cetane number.

-­

sel  than  for  petroleum  diesel.  

Cloud point.  This  is  the  most  commonly  used  measure  of  low-­temperature  operability;;  fuels  are  generally  

performance  of  biodiesel  blends  are  discussed  in  more  detail  in  later  sections.

Carbon residue. -­

  

Acid number.
-­

Free and total glycerin.  These  numbers  measure  the  amount  of  unconverted  or  partially  converted  fats  and  
by-­product  glycerin  in  the  fuel.  Incomplete  conversion  of  the  fats  and  oils  into  biodiesel  can  lead  to  high  

total  glycerin.  Incomplete  removal  of  glycerin  can  lead  to  high  free  glycerin  and  total  glycerin.  If  these  

-­

may  damage  the  column.  Thus,  many  labs  are  unable  to  determine  free  and  total  glycerin  by  this  method  in  

Phosphorus content. -­

generally  has  phosphorus  levels  of  about  1  ppm.
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T90 distillation speci!cation. -­

-­

carbons  that  have  similar  boiling  point  temperatures.  The  atmospheric  boiling  point  of  biodiesel  is  generally  

Oxidation stability.

Cold soak !lterability. 

cloud  point,  is  needed  to  predict  low-­temperature  operability.  

The  biodiesel  fuel  shall  be  visually  free  of  undissolved  water,  sediment,  and  suspended  matter.  

3.2 Variation in Biodiesel Properties

from  a  variety  of  oils  and  fats:

Animal fats.  Edible,    inedible,  and  all  other  variations  of  tallow,  lard,  choice  white  grease,  yellow  grease,  

Plant oils.
Recycled greases.

Biodiesel  can  also  be  made  from  other  oils,  fats,  and  recycled  oils  such  as  mustard,  palm,  coconut,  peanut,  olive,  

fats  and  oils  typically  used  for  biodiesel  are  very  similar.  Each  fat  or  oil  molecule  is  made  up  of  a  glycerin  back-­

bone  of  three  carbons,  and  on  each  carbon  is  attached  a  long-­chain  fatty  acid  that  reacts  with  methanol  to  make  

the  methyl  ester,  or  biodiesel.  The  glycerin  backbone  is  turned  into  glycerin  and  sold  as  a  by-­product  of  biodiesel  

-­

sel  fuel  properties.  

Each  feedstock  is  set  apart  from  the  others  because  it  is  made  of  different  proportions  of  saturated,  monounsatu-­
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are  trends  only;;  other  factors  such  as  additives  may  modify  these  trends.

As  with  conventional  diesel  fuel,  the  best  type  of  biodiesel  for  your  applications  will  be  based  on  several  factors.  

may  be  best  for  a  December  in  Minnesota.  The  considerations  and  trade-­offs  are  like  those  made  for  petroleum  

3.3 Energy Content

to  winter.  This  variability  is  due  to  changes  in  its  composition  determined  by  the  petroleum  feedstock,  as  well  as  

blend  values  are  somewhere  in  between.  

Canola

Saf!ower

Sun!ower

Corn

Olive

Soybean

Peanut

Cottonseed

Yellow Grease

Lard

Beef Tallow

Palm

Coconut

0 20% 40% 60% 80%10% 30% 50% 70% 90% 100%

Saturated Monounsaturated Polyunsaturated

Figure 3. Composition of Various Biodiesel Feedstocks in Order of Increasing Saturated Fatty Acid Content

Table 3. Fuel Properties as a Function of Fuel Composition in Diesel Engines

Saturated Monounsaturated Polyunsaturated

Cetane Number High Medium Low

Cloud Point High Medium Low

Stability High Medium Low
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The  energy  content  of  biodiesel  blends  and  diesel  fuel  is  proportional  to  the  amount  of  biodiesel  in  the  blend  and  

3.4 Low-Temperature Properties

gasoline,  petroleum  diesel  and  biodiesel  can  freeze  or  gel  as  the  temperature  drops.  Different  diesel  fuel  formu-­

tanks  for  blending  in  winter.  Important  low-­temperature  performance  metrics  for  handling  and  blending  of    

Cloud point.

fuels  can  usually  be  pumped  at  temperatures  below  cloud  point.

Pour point.  The  temperature  at  which  the  fuel  contains  so  many  agglomerated  crystals  that  it  is  essentially  a  

be  pumped,  even  if  it  would  not  be  suitable  for  use  without  heating  or  taking  other  steps.

-­

temperatures.

Table 4. Heating Value of Diesel and Some Biodiesel (B100) Fuels14 

Fuel Heat of Combustion

Typical No. 2 Diesel About 18,300 Btu/lb

Soy Methyl Ester 15,940 Btu/lb

Canola Methyl Ester 15,861 Btu/lb 

Lard Methyl Ester 15,841 But/lb 

Edible Tallow Methyl Ester 15,881 Btu/lb 

Inedible Tallow Methyl Ester 15,841 Btu/lb 

Low Free Fatty Acid Yellow Grease Methyl Ester 15,887 Btu/lb 

High Free Fatty Acid Yellow Grease Methyl Ester 15,710 Btu/lb
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-­

should  be  protected  with  insulation,  agitation,  heating  systems,  or  other  measures  if  temperatures  regularly  

biodiesel  begins  to  freeze,  gelling  can  proceed  rapidly  if  the  temperature  drops  only  a  few  degrees  further.

  

above  the  fuel  cloud  point.

bottom  of  the  tank  and  begin  to  build  up  a  gel  layer.  Slow  agitation  can  prevent  crystals  from  building  up  on  the  

components  if  the  fuel  needs  to  be  used  immediately.  Lower  temperatures  can  be  used  if  there  is  more  time  to  

were  below  detection  levels.  

the  additive  manufacturers  on  this  issue.

Table 5. Cold Flow Data for Various B100 Fuels15

Test Method for B100 Fuel
Cloud Point (ASTM D2500) Pour Point (ASTM D97)

(ºF) (ºC) (ºF) (ºC)

Soy Methyl Ester 32 0 25 -4

Canola Methyl Ester 26 -3 25 -4

Lard Methyl Ester 56 13 55 13

Edible Tallow Methyl Ester 66 19 60 16

Inedible Tallow Methyl Ester 61 16 59 15

Yellow Grease 1 Methyl Ester – – 48 9

Yellow Grease 2 Methyl Ester 46 8 43 6
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3.5 Cetane Number

are  believed  to  provide  easier  starting  and  

-­

canola-­based  biodiesel  will  have  cetane  

cetane  numbers  of  various  biodiesel  samples  

and  compares  them  with  those  of  diesels.

3.6 Transport and Storage

Stability  can  refer  to  two  issues  for  fuels:  long-­term  storage  stability  or  aging  and  stability  at  elevated  tempera-­

-­
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Inedible Tallow
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Figure 4. Cetane Number of Two Petroleum Diesels and Several Biodiesels
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chelating  additives,  which  deactivate  these  metals,  may  reduce  or  eliminate  their  negative  impact.  

oil  from  degradation.  Bleaching,  deodorizing,  or  distilling  oils  and  fats,  either  before  or  as  part  of  the  biodiesel  

-­

cially,  this  is  done  by  using  a  nitrogen  blanket  on  storage  tanks  or  storing  biodiesel  in  sealed  drums  or  totes.

-­
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under  these  storage  conditions,  and  even  a  nearly  eight-­hour  induction  time  sample  can  be  reduced  to  less  than  

-­

-­

dizing  storage  conditions  in  containers  with  little  head  space  or  under  a  nitrogen  blanket  will  also  be  helpful.  In  

Biocides  are  recommended  for  conventional  and  biodiesel  fuels  wherever  biological  growth  in  the  fuel  has  been  

a  problem.  If  biological  contamination  occurs,  water  contamination  should  be  suspected  and  will  need  to  be  

water  interface.  Anaerobic  colonies,  which  usually  reduce  sulfur,  can  be  active  in  sediments  on  tank  surfaces  

and  cause  corrosion.  Because  the  biocides  work  in  the  water  phase,  products  that  are  used  with  diesel  fuels  work  

-­

D6751,  it  will  dissolve  the  accumulated  sediments  in  diesel  storage  and  engine  fuel  tanks.  These  dissolved  sedi-­

-­

  

and  lower  blends.

Biodiesel  spills  should  be  cleaned  up  immediately,  because  biodiesel  can  damage  some  types  of  body  and  engine  

paint.  Biodiesel  can  also  remove  decals  from  tanks  or  vehicles  near  fueling  areas.  All  materials  that  are  used  to  

absorb  biodiesel  spills  should  be  considered  combustible  and  stored  in  a  safety  can.  

-­

on  the  wide  variety  of  grades  and  variations  of  compounds  that  can  be  found  in  these  systems,  particularly  with  

-­

-­
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-­

ment  once  a  month  for  leaks,  seeps,  and  seal  decomposition.  It  would  be  wise  to  continue  these  inspections  even  

www.biodiesel.org

steel,  or  aluminum.  

-­

ing  dispensers,  aboveground  steel  tanks,  underground  steel  tanks,  nonmetallic  tanks,  aboveground  and  below-­

procedures  are  recommended  for  trucks  and  railcars  and  are  used  by  distributors  and  transporters  of  petroleum-­

derived  diesel:

-­

lowing  ways:

-­

-­   In  a  blend  with  winter  diesel,  kerosene,  or  another  low-­cloud-­point  fuel  in  either  railcars  or  trucks.

  

its  cloud  point  must  be  used  to  store  and  handle  it.  The  cloud  point  of  the  biodiesel,  ambient  temperatures,  and    

  

not  freeze.  
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4.0 Biodiesel Blends

4.1 Speci!cations 

-­

biodiesel  blend  percentage.

-­

3.7 Use of B100 and High Blend Levels

some  recommendations.  

Ask  other  users  what  they  did,  how  they  did  it,  how  long  it  took,  how  much  it  cost,  what  problems  they  

-­

16
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Table 6. ASTM D7467 Speci!cation for Diesel Blends B6 to B20

Property Test Method
 Grade 

B6 to B20 S15 B6 to B20 S500 j B6 to B20 S5000 k

Acid Number, mg KOH/g, max. D664 0.3 0.3 0.3

Viscosity, mm2/s at 40ºC D445 1.9–4.1 a 1.9–4.1 a 1.9–4.1a

Flash Point, ºC, min D93 52 b 52 b 52 b 

Cloud Point, ºC, max D2500 c c c

Sulfur Content, (μg/g)d
mass %, max.
mass %, max.

D5453
D2622 e

D129

15
–
–

-
0.05

–

-
-

0.50

Distillation Temperature, ºC,  
90% evaporated, max. D86 343 343 343

Ramsbottom carbon residue on  
10% bottoms, mass %, max. D524 0.35 0.35 0.35

Cetane Number, min. D613 f 40 g 40 g 40 g

One of the following must be met:

(1) Cetane index, min. D976-80 e 40 40 40

(2) Aromaticity, vol %, max. D1319-88 e 35 35 -

Ash Content, mass %, max. D482 0.01 0.01 0.01

Water and Sediment, vol %, max. D2709 0.05 0.05 0.05

Copper Corrosion, 3 h @ 50ºC, max. D130 No. 3 No. 3 No. 3

Biodiesel Content, % (V/V) DXXXX h 6–20 6–20 6–20 

Oxidation Stability, hours, min. EN14112 6 6 6 

Lubricity, HFRR @ 60ºC, micron, max. D6079 520 i 520 i 520 i

a if Grade No. 1-D or blends of Grade No. 1-D and Grade No. 2-D diesel fuel are used, the minimum viscosity shall be 1.3 mm2/s.
b  If Grade No. 1-D or blends of Grade No. 1-D and Grade No. 2-D diesel fuel are used, or a cloud point of less than -12ºC) is speci!ed, the 

minimum "ash point shall be 38ºC.
c  It is unrealistic to specify low-temperature properties that will ensure satisfactory operation at all ambient conditions. However, satisfactory 

operation below the cloud point (or wax appearance point) may be achieved depending on equipment design, operating conditions, and the use 
of "ow-improver additives as described in X3.1.2. Appropriate low-temperature operability properties should be agreed upon between the fuel 
supplier and purchaser for the intended use and expected ambient temperatures. Test Methods D4539 and D6371 may be useful to estimate 
vehicle low temperature operability limits when "ow improvers are used, but their use with Bxx blends from a full range of biodiesel feedstock 
sources has not been validated. Because of fuel delivery system, engine design, and test method differences, low-temperature operability tests 
may not provide the same degree of protection in various vehicle operating classes. Tenth percentile minimum air temperatures for U.S. locations 
are provided in Appendix X3 as a means of estimating expected regional temperatures. The tenth percentile minimum air temperatures may be 
used to estimate expected regional target temperatures for use with Test Methods D2500, D4539, and D6371. Refer to X3.1.3 for further general 
guidance on test application.

Footnotes d through k for Table 6 continued on next page.

blend  these  properties  into  compliance.
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4.2 Low-Temperature Properties 
-­

effective  in  the  petroleum  portion  of  the  blend.  Research  is  ongoing  to  develop  additives  that  are  more  effective  

variables  are  the  properties  of  the  diesel  fuel,  the  properties  of  the  biodiesel,  the  blend  level,  and  the  effectiveness  

Cloud point

temperature  operability  limit.  However,  fuels  can  usually  be  pumped  at  temperatures  below  the  cloud  point.  

Pour point.  The  temperature  at  which  the  fuel  contains  so  many  agglomerated  crystals  that  it  is  essentially  a  

an  indicator  of  whether  the  fuel  can  be  pumped,  even  if  it  would  not  be  suitable  for  use  without  heating  or  

taking  other  steps.

Cold !lter plugging point (CFPP)

low  temperature  operability  limit.  The  test  simulates  the  performance  of  an  average  or  typical  vehicle  and  

is  not  protective  of  the  most  challenging  fuel  system  designs  from  a  low-­temperature  operability  standpoint,  

Low-temperature "ow test (LTFT).  This  test  also  reports  a  temperature  under  a  standard  set  of  conditions,  

low-­temperature  operability.

-­

d Other sulfur limits can apply in selected areas in the United States and in other countries.
e These test methods are speci!ed in 40 CFR Part 80.
f Calculated cetane index approximation, Test Method D 4737, is not applicable to biodiesel blends.
g  Low ambient temperatures as well as engine operation at high altitudes may require the use of fuels with higher cetane ratings. If the diesel fuel 

is quali!ed under Table 1 of D 975 for cetane, it is not necessary to measure the cetane number of the blend. This is because the cetane number 
of the individual blend components will be at least 40, so the resulting blend will also be at least 40 cetane number.

h Where speci!ed, the blend level shall be +/- 2% volume unless a different tolerance is agreed to by the purchaser and the supplier. 
i  If the diesel fuel is quali!ed under Table 1 of D 975 for lubricity, it is not necessary to measure the lubricity of the blend. This is because the 
lubricity of the individual blend components will be at least 520 microns, so the resulting blend will also be at least 520 microns.

j  Under U.S. regulations, if Grades B20 S500 are sold for tax-exempt purposes, then, at or beyond terminal storage tanks, it is required by 26 
CFR Part 48 to contain the dye Solvent Red 164 at a concentration spectrally equivalent to 3.9 lb per thousand barrels of the solid dye standard 
Solvent Red 164, or the tax must be collected.

k  Under U.S. regulations, Grades B20 S5000 are required by 40 CFR part 80 to contain a suf!cient amount of the dye solvent Red 164 so its 
presence is visually apparent. At or beyond terminal storage tanks, they are required by 26 CFR Part 48 to contain the dye Solvent Red 164 at a 
concentration spectrally equivalent to 3.9 lb per thousand barrels of the solid dye standard Solvent Red 26.

Footnotes for Table 6 continued from previous page
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Figure 6.  Biodiesel/Diesel Blend Cloud Point Test Results 
(abbreviations in graphs are de!ned in reference 18). 

Figure 8.  Biodiesel/Diesel Blend Pour Point Test Results

Figure 10.  Biodiesel/Diesel Blend Cold Filter Plugging Point  
Test Results

Figure 7.  Biodiesel/Diesel Blend Cloud Point Test Results  
(0%–10% Biodiesel Blend Range)

Figure 9.  Biodiesel/Diesel Blend Pour Point Test Results  
(0%–10% Biodiesel Blend Range)

Figure 11.  Biodiesel/Diesel Blend Cold Filter Plugging Point Test  
Results (0%–10% Biodiesel Blend Range)
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o

at  even  lower  temperatures.
17

better  predictor  of  low-­temperature  operability.

-­

-­

or  with  additives  can  modify  the  cloud  and  pour  

diesel  typically  delivered  in  your  area  and  testing  

point,  but  the  cloud  point  should  be  provided  to  

the  customer.  This  can  be  confusing  to  someone  

new  to  using  diesel  fuel  or  biodiesel.  How  can  

they  rely  on  their  distributors  to  make  sure  the  low-­temperature  operability  is  managed  for  their  location.

of  low-­temperature  operability  that  tends  to  predict  an  operability  limit  lower  than  the  cloud  point  and  may  not  

-­

tives  are  available  for  diesel  fuel.  Most  reduce  the  size  of  crystals  or  inhibit  crystal  formation  in  some  way.  Most  
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80/20 is an 80% blend of No. 2 diesel with No. 1 diesel (or kerosene)
60/40 is a 60% blend of No. 2 diesel with 40% No. 1 diesel.
Cloud point of No. 2 is 12°F; cloud point of No. 1 is –54°F.

B100 B20 w 80/20 B20 w D2 B20 w 60/40

Figure 12.  Adjusting Cloud Points of B20 Fuels with Blends of No. 1 and   
No. 2 Diesel (YG=yellow grease, Veg=vegetable oil)
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Figure 13. Cold Flow Properties of Some Soy Biodiesel Blends, ºF 
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-­

-­

saturated  feedstocks  in  the  summer  to  a  more  unsaturated  feedstock  in  the  winter.  If  low-­temperature  operability  

problems  occur,  a  possible  solution  is  to  lower  the  biodiesel  content  in  the  blend  during  the  coldest  months.  Most  

-­

tractual  language.  A  purchase  contract  could  specify  that  a  fuel  must  remain  crystal  free  at  temperatures  as  low  

independently  with  the  biodiesel  and  diesel  suppli-­

4.3 Lubricity
Blending  biodiesel  into  petroleum  diesel  even  

at  low  levels  can  increase  the  lubricity  of  diesel  

increase  fuel  lubricity.

to  determine  if  diesel  fuels  meet  the  ASTM  lubric-­

-­

-­

4.4 Blending, Storage, and Transport 

  

marketers.  In  this  case,  the  distributor  is  responsible  for  ensuring  that  the  biodiesel  has  been  properly  blended    

  

time  of  year.  Specify  in  your  purchase  contract  or  agreement  that  the  fuel  must  meet  certain  low-­temperature  

diesel  applications  only  and  is  not  to  be  blended  with  gasoline.  

  

  

-­

ensures  complete  blending.
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Figure 14.  HFRR Lubricity as a Function of Biodiesel Content for a  
No. 1 and a No. 2 Diesel Fuel



30    Biodiesel Handling and Use Guide (Fourth Edition)    2008

The  chemical  nature  of  biodiesel  allows  it  to  be  blended  with  any  kind  of  distillate  or  diesel  fuel.  This  includes  

is  blended  thoroughly  with  diesel  fuel,  it  stays  together  as  one  fuel  and  does  not  separate  over  time  provided  it  is  

maintained  at  temperatures  above  its  cloud  point.  

In  the  early  days  of  biodiesel  blend  use,  volumes  were  too  low  for  the  conventional  petroleum  infrastructure  to  

-­

diesel  in  separate  compartments  in  one  truck  and  blend  the  two  on  the  customer’s  site  as  the  truck  was  unloaded.  

stable  than  petroleum  diesel  blends,  and  cloud  point  considerations  are  less  of  a  concern  with  blends  during  cold  

some  underground  or  in  heated  tanks,  depending  on  your  climate,  and  blending  the  rest  as  soon  as  possible.  

arise,  these  samples  will  help  you  determine  whether  they  were  caused  by  the  fuel  or  by  something  else.

Recently,  petroleum  terminals  and  pipeline  racks  have  been  responding  to  increasing  demand  by  installing  a  

applications  that  have  some  type  of  on-­site  storage.  An  increasing  number  of  public  pumps  and  key  card  pumps  

Many  blending  options  are  available,  depending  on  your  area.  As  the  market  matures  and  volumes  continue  to  

increase,  the  point  of  blending  will  likely  occur  further  and  further  upstream  in  the  distribution  system,  where  it  

The  blending  process  is  usually  done  by  splash  blending  or  in-­line  blending.  

Splash blending.  Splash  blending  is  appropriate  for  locations  where  the  biodiesel  and  diesel  fuel  are  loaded  
separately.  In  some  cases,  however,  this  is  appropriate  when  the  fuels  are  loaded  at  the  same  time  through  

-­

the  entire  load  is  then  pumped  into  a  customer’s  tank,  this  action  will  usually  be  enough  to  cause  complete  

better  to  load  half  the  diesel,  then  the  biodiesel,  and  then  the  rest  of  the  diesel  fuel.  
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In-line blending.  In-­line  blending  occurs  when  the  biodiesel  is  added  to  a  stream  of  diesel  fuel  as  it  travels  
-­

bulent  movement  through  the  pipe.  The  biodiesel  is  added  slowly  and  continuously  into  the  moving  stream  

-­

ties  spread  evenly  throughout  the  time  the  petroleum  diesel  is  being  loaded.  This  is  similar  to  the  way  most  

additives  are  blended  into  diesel  fuel  today,  and  it  is  most  commonly  used  at  pipeline  terminals  and  racks.  

through  in-­line  blending  as  they  are  loading  fuel  into  a  customer’s  tank.  

and  generally  cannot  handle  both  types  of  blends.  

  

contain  high  concentrations  of  biodiesel.  The  problems  generally  manifest  themselves  in  cold  months,  as  the  high-­  

-­

summer,  and  any  adverse  effects  on  hoses  and  gaskets  associated  with  higher  blends  may  take  some  time  to  

develop,  users  may  go  for  many  months  without  a  problem.  Another  problem  occurs  when  a  concentrated  layer    

-­

the  fuel  in  one  sample  begins  to  crystallize.  Record  that  temperature.  Then,  check  every  few  minutes  until  

-­

each  other.

agitates  the  two  fuels  during  blending.  That  agitation  helps  disperse  the  fuels  and  crystals  more  uniformly  and  

can  provide  some  energy  to  help  the  crystals  dissolve.  
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-­

Blends  should  be  stored  in  tanks  that  can  ensure  that  the  fuel  temperature  will  remain  above  the  cloud  point  of  

depending  on  the  cloud  and  pour  points  of  the  blended  fuel  and  the  local  ambient  weather  conditions.  

-­

-­
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up  to  one  year.  However,  as  biodiesel  is  still  a  rela-­

tively  new  fuel,  we  recommend  that  you  consider  

condition  of  the  fuel  periodically  if  you  store  B5    

for  longer  than  a  few  months.

some  increase  in  acid  value  for  one  of  the  blends  

although  this  may  be  within  the  repeatability  of  the  

feasible  under  these  conditions.  Again,  because  

biodiesel  is  still  a  relatively  new  fuel,  and  until  

-­

odic  monitoring  until  more  data  are  available.

As  biodiesel  ages  in  storage,  the  induction  period  decreases,  the  acid  number  tends  to  increase  and  go  out  of  

-­

-­

fouling  or  corrosion.  Data  suggest  that  thermal  stability  should  not  be  a  concern  with  biodiesel.  

blends.  The  cleaning  effect  should  not  be  an  issue  with  B5  and  lower  blends.
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years  indicate  compatibility  with  all  elastomers  in  diesel  fuel  systems,  even  those,  such  as  nitrile  rubber,  that  are  

should  be  checked  for  these  materials  and  they  should  be  replaced  with  biodiesel-­compatible  parts.  Typically,  

carbon  steel,  and  aluminum  are  good  replacements.  Data  on  the  materials  compatibility  of  biodiesel  blends  are  

5.0 BQ-9000 Program for Supply Chain Management

-­

are  followed  to  prevent  contamination  and  degradation  during  distribution,  storage,  and  blending.  It  is  managed  

through  proper  sampling,  testing,  storage,  sample  retention,  and  shipping  protocols,  and  these  protocols  must  

the  transport  vehicles  are  clean  and  of  appropriate  construction  for  distributing  biodiesel.

www.bq-­9000.org.
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6.0 Engine Warranties

7.0 Taxes and Incentives

Among  the  variety  of  statements  about  biodiesel  use  from  engine  or  vehicle  manufacturers,  some  refer  to  war-­

ranty.  Engine  and  vehicle  manufacturers  provide  a  materials  and  workmanship  warranty  on  their  products.  Such  

-­

-­

-­

tion  is  underway  in  the  diesel  engine  industry  related  to  biodiesel  and  its  effects  on  diesel  engines.  

by  the  fuel  supplier’s  general  liability  insurance.  New  biodiesel  users  should  be  sure  their  biodiesel  suppliers  

-­

ments,  visit  the  NBB  Web  site  at  www.biodiesel.org/resources/fuelfactsheets/standards_and_warranties.shtm.  

-­

-­

tive  fuels  at  www.eere.energy.gov/cleancities/vbg/progs/laws.cgi.  Another  good  resource  for  information  about  
federal  incentives  is  the  NBB  Web  site  at  www.biodiesel.org.  
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8.0 Safety, Health, and Environmental Issues

Biodiesel  contains  no  hazardous  materials  and  is  generally  regarded  as  safe.  A  number  of  studies  have  found  that  

petroleum  diesel  with  biodiesel.

-­

-­

8.1 Signs, Labels, and Stickers

-­

-­

for  signage  on  storage  containers,  but  typically,  

combustible.

8.2 Fire Safety Considerations
,  or  water  spray,  although  the  water  

are  not  handled  properly.  Before  disposal,  wash  rags  with  soap  and  water  and  dry  them  in  well-­ventilated  areas.  

Figure 17.   Placards for Transport of Combustible and Flammable Liquids

  7.1 Off-Road Diesel

-­

diesel  fuel  or  kerosene.
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9.0 Frequently Asked Questions 

What is biodiesel made from?
-­

Which feedstock is best?

can  be  managed  with  additives  or  diesel  fuel  blending  strategies.  

Does biodiesel affect how my engine operates?
-­

Does using biodiesel void my warranty?

www.biodiesel.org

Do I need to modify my vehicle to use biodiesel?

Although  a  primary  focus  of  NBB  and  NREL,  detailed  long-­term  engine  durability  data  have  not  been  estab-­

Do I need to modify my dispensing equipment to use biodiesel?

dispensing  systems  may  need  protection  from  freezing  in  cold  climates.  Tank  cleaning  is  recommended  before  

How do biodiesel (B20 and B100) emissions compare with diesel emissions? 
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Does biodiesel use raise NOx emissions?

  

the  blend.

How much biodiesel is used and produced in the United States? 

Can I use biodiesel in a cold climate?

  

applicable  with  biodiesel  blends.  

-­

potential  problems  and  take  reasonable  steps  to  prevent  them.  

10.0 Information Resources

A  number  of  resources  provide  additional  details  and  technical  information  in  support  of  these  guidelines.  They  

include  the  following:

The  National  Biodiesel  Board’s  online  documents  library  and  information  number:    

www.biodiesel.org/resources/reportsdatabase/    

The  National  Renewable  Energy  Laboratory’s  technical  publications  on  biodiesel:    

www.nrel.gov/vehiclesandfuels/npbf/pubs_biodiesel.html  

  

http://www.eere.energy.gov/afdc/

  

www.eere.energy.gov/biomass/document_database.html    

  

www.epa.gov/otaq/renewablefuels/index.html    

-­

ment  and  provides  an  online  tutorial  on  biodiesel:    

www3.me.iastate.edu/biodiesel/Pages/biodiesel1.html.  

www.eere.energy.gov/cleancities/
for  more  information.
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11.0 Glossary 

Additive:
characteristics.

Antioxidant

Biodiesel:

Biodegradable:

Boiling range:

Cetane index: -­

-­

Cetane number:

CI:

Cloud point

ECRA:

Elastomer:

Energy content:
value  or  heat  of  combustion.

EPAct:
transportation.

FAME:
animal  fats,  and  recycled  greases.

Fatty acid: -­

Flash point:
standard  test  conditions.

Free fatty acids:

technology  to  convert  into  biodiesel.

HC:  Hydrocarbon,  a  compound  composed  of  hydrogen  and  carbon.  Hydrocarbons  can  refer  to  fuel  components  

Kerosene:
into  diesel  fuel,  and  as  fuel  for  aviation  turbine  engines.

Lubricity:  The  ability  of  a  fuel  to  lubricate.

Microbial contamination:
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OEM:

Oxidation:

Oxidative stability:

Oxygenate:

PM:

Polyunsaturated fatty acids:

Pour point:

Saturation or saturated compound:
double  or  triple  bonds.

Solvent:
composed  of  two  or  more  substances.

Speci!c gravity:  The  ratio  of  the  density  of  a  substance  to  the  density  of  water.

Splash blending:  The  fuels  to  be  blended  are  delivered  separately  into  a  tank  truck.

Strati!cation:  To  separate  into  layers.

Storage stability:

Torque:  A  force  that  produces  rotation.

Viscosity:
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Appendix A: Sample Biodiesel Material Safety Data Sheet

Chemical Product

  

  

Composition/Information On Ingredients

This  product  contains  no  hazardous  materials.

Hazards Identi!cation

mucous  membranes  and  cause  irritation,  dizziness,  and  nausea.  Remove  to  fresh  air.

-­

tion  if  symptoms  persist.

sometimes  encountered  at  elevated  temperatures.  Thermal  burns  are  possible.

First Aid Measures

Fire Fighting Measures

Accidental Release Measures Spill Clean-Up Procedures

Remove  sources  of  ignition,  contain  spill  to  smallest  area  possible.  Stop  leak  if  possible.

Recover  large  spills  for  salvage  or  disposal.  Wash  hard  surfaces  with  safety  solvent  or  detergent  to  remove  
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Handling and Storage

Store  and  use  in  well-­ventilated  areas.

Do  not  puncture,  drag,  or  slide  this  container.

Drum  is  not  a  pressure  vessel;;  never  use  pressure  to  empty.

Exposure Control /Personal Protection

respirator.

of  skin  several  times  daily  and  laundering  contaminated  clothing  before  re-­use.

Physical and Chemical Properties

Stability and Reactivity

with  thick  smoke.

Disposal Considerations

Transport Information

Appendix A: Sample Biodiesel Material Safety Data Sheet
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Regulatory Information

  

  

  

Other Information

combination  with  any  other  materials  or  in  any  other  process.  Such  information  is  to  the  best  of  the  company’s  

knowledge  and  believed  accurate  and  reliable  as  of  the  date  indicated.  However,  no  representation,  warranty  or  

responsibility  to  satisfy  himself  as  to  the  suitableness  and  completeness  of  such  information  for  his  own  particu-­

lar  use.

Appendix A: Sample Biodiesel Material Safety Data Sheet
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Appendix D: Density and Viscosity as a Function of Temperature

Because  the  density  of  biodiesel  varies  with  temperature,  and  biodiesel  is  typically  sold  by  volume,  the  density  of  

biodiesel  as  a  function  of  temperature  can  be  an  important  factor  in  biodiesel  commerce.  The  density  of  biodiesel  

decreases  linearly  with  temperature.  Table  D-­1  shows  soy  biodiesel  density  by  temperature.  At  the  same  tempera-­

ture,  biodiesels  from  different  sources  have  different  densities,  so  these  values  should  not  be  used  for  any  fuel  

other  than  soy  biodiesel.

Appendix B: Renewable Identi!cation Number 

www.epa.gov/otaq/renewablefuels/index.htm.

Appendix C: Biodiesel Use as an EPAct Alternative Fuel

  

www.eere.energy.gov/vehiclesandfuels/deployment/fcvt_epact.shtml  
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Appendix D: Density and Viscosity as a Function of Temperature

Table D-1. Density of Soy Biodiesel as a  
Function of Temperature23

Temperature Density

°F °C Speci!c 
Gravity lb/gal

35 1.7 0.896 7.48

36 2.2 0.896 7.48

37 2.8 0.896 7.48

38 3.3 0.895 7.47

39 3.9 0.895 7.47

40 4.4 0.895 7.47

41 5.0 0.894 7.46

42 5.6 0.894 7.46

43 6.1 0.894 7.46

44 6.7 0.893 7.45

45 7.2 0.893 7.45

46 7.8 0.892 7.45

47 8.3 0.892 7.44

48 8.9 0.892 7.44

49 9.4 0.891 7.44

50 10.0 0.891 7.44

51 10.6 0.891 7.43

52 11.1 0.890 7.43

53 11.7 0.890 7.43

54 12.2 0.890 7.42

55 12.8 0.889 7.42

56 13.3 0.889 7.42

57 13.9 0.888 7.41

58 14.4 0.888 7.41

59 15.0 0.888 7.41

60 15.6 0.887 7.40

61 16.1 0.887 7.40

62 16.7 0.887 7.40

63 17.2 0.886 7.40

64 17.8 0.886 7.39

65 18.3 0.885 7.39

66 18.9 0.885 7.39

67 19.4 0.885 7.38

Table D-1. Density of Soy Biodiesel as a  
Function of Temperature (cont.)

Temperature Density

°F °C Speci!c 
Gravity lb/gal

68 20.0 0.884 7.38

69 20.6 0.884 7.38

70 21.1 0.884 7.37

71 21.7 0.883 7.37

72 22.2 0.883 7.37

73 22.8 0.883 7.36

74 23.3 0.882 7.36

75 23.9 0.882 7.36

76 24.4 0.881 7.36

77 25.0 0.881 7.35

78 25.6 0.881 7.35

79 26.1 0.880 7.35

80 26.7 0.880 7.34

81 27.2 0.880 7.34

82 27.8 0.879 7.34

83 28.3 0.879 7.33

84 28.9 0.878 7.33

85 29.4 0.878 7.33

86 30.0 0.878 7.33

87 30.6 0.877 7.32

88 31.1 0.877 7.32

89 31.7 0.877 7.32

90 32.2 0.876 7.31

91 32.8 0.876 7.31

92 33.3 0.876 7.31

93 33.9 0.875 7.30

94 34.4 0.875 7.30

95 35.0 0.874 7.30

96 35.6 0.874 7.29

97 36.1 0.874 7.29

98 36.7 0.873 7.29

99 37.2 0.873 7.29

100 37.8 0.873 7.28
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Appendix D: Density and Viscosity as a Function of Temperature

of  pumps  for  the  transfer  of  stockpiled  biodiesel.  

-­
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Figure D-1. Kinematic Viscosity of Three Biodiesel Blends

Table D-2. Constants for Best Fit Regression Equation

Biodiesel Type A B C

Canola Methyl Ester -0.341 -498 338301

Soy Methyl Ester 0.076 -1078 469,741

Fish-Oil Ethyl Ester -0.453 -739 415238
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Appendix E: Biodiesel Materials Compatibility Summary Tables

  

-­

Elastomers

Table E-1. Elastomer Compatibility with Biodiesel

Material Compatibility with Fresh, Unoxidized Methyl Oleate Unless Noted Reference

Buna-N Not Recommended 3,4

Butadiene Not Recommended 2

Butyl Mild Effect 2,4

Chemraz Satisfactory 4

Ethylene propylene (EPDM) Moderate Effect 2,4

Fluorocarbon Satisfactory 2,4,5

Fluorosilicon Mild Effect; increase swelling 1

Fluorosilicone Mild Effect 2,4

Hi"uour Satisfactory 2

Hypalon Not Recommended 2,4

Natural Rubber Not Recommended 2,4

Neoprene Not Recommended 3,4

Neoprene/Chloroprene Not Recommended 2

Nitrile Not Recommended 1,2

Nitrile, high aceto-nitrile Mild Effect with B20, swelling and break strength affected 5

Nitrile, hydrogenated Not Recommended 2,4

Nitrile, peroxide-cured Mild Effect with B20, swelling and break strength affected 5

Nordel Moderate to Severe Effect 3

Nylon Satisfactory 1

Per"uoroelastomer Satisfactory 2

Polypropylene Moderate Effect; increased swelling, hardness reduced 1

Polyurethane Mild Effect; increased swelling 1

Styrene-butadiene Not Recommended 2,4

Te"on Satisfactory 1,3,4

Table E-1 continues on following page
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Appendix E: Biodiesel Materials Compatibility Summary Tables

Metals

and  terne  coated  sheet  metal  are  not  compatible  with  biodiesel  at  any  blend  level.

Table E-1. Elastomer Compatibility with Biodiesel (cont.)

Material Compatibility with Fresh, Unoxidized Methyl Oleate Unless Noted Reference

Viton Satisfactory; type of cure affects compatibility with oxidized biodiesel see 
speci!c types of Viton below 1,3

Viton A-401C Satisfactory with fresh RME; not recommended for oxidized blends B20 
and above 6

Viton F-605C Satisfactory with fresh RME; not recommended for oxidized blends B20 
and above 6

Viton GBL-S Satisfactory with RME and with all oxidized blends 6

Viton GF-S Satisfactory with RME and with all oxidized blends 6

Wil-Flex Moderate to Severe Effect 3
1Bessee, G.B. and J.P. Fey. Compatibility of Elastomers and Metals in Biodiesel Fuel Blends. SAE 971690. 1997.
2Parker O-Ring Handbook, Parker Hannilin Corporation, O-Ring Division, Lexington, KY, 2007. 
3Chemical Resisitance Guide, Wilden Pump & Engineering Co., Grand Terrace, CA, 2005.
4O-Ring Chemical Compatibility Guide, www.efunda.com. accessed July 12, 2008.
5Terry, B., R.L. McCormick, M. Natarajan. Impact of Biodiesel Blends on Fuel System Component Durability. SAE 2006-01-3279, 2006.
6Thomas, E., R.E. Fuller, K. Terauchi. Fluoroelastomer Compatibility with Biodiesel Fuels, SAE 2007-01-4061, 2007.
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Appendix F: BQ-9000 Sample Certi!cate of Analysis
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Appendix F: BQ-9000 Sample Certi!cate of Analysis
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