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Standards: 
Raw material or Process (1)

ASTM D-6751-07a EN 14214:2003 Units
Application FAMAE FAME
Density at 15°C - 0.86 -0.90 g/cm³
Viscos. 40°C 1.9-6.0 3.5-5.0 mm²/sec.
Distillat.Temperature, AET, 95% 90% @ 360°C - °C
Flash Point >130 (150 av.) or methanol <0.20 %mass >120 °C
Flash Point (closed cup) >93 - °C
CFPP - *country specific °C
Pour point - - °C
Cloud point report customer - °C

Raw material dependent
Process dependent
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Standards: 
Raw material or Process (2)

ASTM D-6751-07a EN 14214:2003 Units
Application FAMAE FAME
Sulfur <0.0015 (S15), <0.05 (S500) <10 mg/kg % mass
CCR 100% - - % mass
10% dist. resid. - <0.3 % mass
Sulfated ash <0.02 <0.02 % mass
(Oxid) Ash - - % mass
Water mg/kg <0.050% vol. (water & sediment) <500 mg/kg
Total contam. mg/kg - <24 mg/kg
Cu-Corros. 3h/50°C <No.3 1
Oxidation stability hrs;110°C 3 hours min 6 hours min h
Cetane No. >47 >51
Neutral. No. (Acid Value) <0.50 <0.50 mg KOH/g

Raw material dependent
Process dependent
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Standards: 
Raw material or Process (3)

ASTM D-6751-07a EN 14214:2003 Units
Application FAMAE FAME
Methanol <0.20 or Flash Point 130 min <0.20 % mass
Ester content - >96.5 % mass
Monoglyceride - <0.8 % mass
Diglyceride - <0.2 % mass
Triglyceride - <0.2 % mass
Free glycerol <0.020 <0.02 % mass
Total glycerol <0.240 <0.25 % mass
Iodine No. - <120
Linolenic acid ME - <12 % mass
C18:3 and high. unsat.acids - - % mass
C(x:4) & greater unsaturated esters - <1 % mass
Phosphor <0.001% mass <10 mg/kg
Ramsbottom carbon residue <0.050 - % mass
Carbon residue <0.050% by mass -
Gp I metals (Na,K) mg/kg <5 <5 mg/kg
Gp II metals (Ca,Mg) mg/kg <5 <5 mg/kg
Alkalinity mg/kg - - mg/kg

Raw material dependent
Process dependent
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Standards (Summary)
Some Specifications are exclusively related to 
the Process, incl. Downstream or Upstream 
Treatment:

Presence of contaminants or residual raw material 
(fractions)

Other Specifications are Primarily Determined 
by the Raw Material Choice

Density, Viscosity, Cold Flow properties
Sulfur, Phoshorus, FAC, and Ester content
Iodine Value, Oxidation Stability, Cetane Number
Heat of Combustion, Emissions
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Biodiesel Fuel Blend Modeling
Calculation of

Cetane Number
Density
Viscosity
Combustion energy

Estimates for
CFPP = Cold flow behavior
OSI = Oxidation Stability

Always at the lowest cost

Critical Aspects
Lower energy 
content: higher 
consumption
Lower oxidation 
stability
Higher viscosity at 
lower temperature
Risk of crystallization 
and filter plugging
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Why are vegetable oil derivatives 
suitable as diesel fuel?

Conventional diesel fuel 
Boiling range: 180-340°C
Composition: n-alkanes, cycloalkanes, alkylbenzenes, 
polyaromatic compounds
Quality: Cetane Number (CN) range 40-100
The Cetane Number indicates which oils could be 
suitable as alternative diesel

Cetane Number (CN) is based on a linear set of blends of cetane in 
α-methyl naphtalene

Cetane or hexadecane (C16H34 = fast ignition) CN 100 
α-Methyl naphtalene (C11H10 = ignition delay) CN 0
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Iodine Value calculation

Based on AOCS Cd 1c-85; FAME ≈ TAG
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Oxidation stability modeling
FAME oxidation stability is directly linked to 
origin of raw materials, i.e. FAC and presence 
of natural antioxidants

PUFA FAME have a much lower oxidation stability 
than MUFA or SAFA FAME
Distilled FAME = low oxidation stability, since all 
natural antioxidants are removed

Problems: 
Oxidation is not a linear reaction
Natural [or added] antioxidants have limited capacity
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How to predict Oxidative Stability?

vi oxidation rate = different for saturated, mono-, di- and
tri-unsaturated fatty acids 

ai antioxidant factor = different for different raw materials
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CFPP Cold Filter Plugging Point
EN14214; only when used as B100

The market evolves to two types of B100 Biodiesel to 
be used in (B2-B30) blends with fossil diesel having 
the required CFPP after additivation

B100 for blends with CFPP =  0°C in Summer 
B100 for blends with CFPP =  -10°C for Winter
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How much saturates are acceptable 
to prevent crystallization?

LEFT: SME Winterization on lab scale in hexane 
to remove SAFA methyl esters [is not used in 
daily practice because of the poor yield]

BELOW: Winterization in hexane shows that 
around 10% SAFA from SME is close to the 
acceptable limit for stability at –20°C

Source: Reducing the Crystallization Temperature of Biodiesel by 
Winterizing Methyl Soyate lnmok Lee, Lawrence A. Johnson, and 
Earl C. Hammond, IAOCS. Vol. 73. no. 5 (1996)
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Crystallization Modeling Issues
Crystallization is a thermodynamic process driven by basic physical 
characteristics of FAME present
Nucleation onset is very difficult to predict
Presence of high melting minor components can severely affect 
crystallization onset and kinetics

Saturated MG
Sterol Glycosides (SG)

Haze formation
Combination of high melting FAME, Sterol Glucosides (SG), bound 
glycerine, and free sterols

Possible Strategies: 
1. Apply a pragmatic approach: e.g. SAFA+TFA limit
2. Fine-tuning possible for specific blend ranges 

using multivariate model predicting CFPP based 
on the FAME composition
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The Effect of Minor Components can 
at best be Studied, not Predicted

Saturated Monoglycerides (range 0-
1%) have melting point at 78°C
Sterol glycosides (range: 0-40 ppm) 
formed during alkaline transesterification 
of Soybean Oil or Palm Oil with 
Methanol have very high melting point
at 300-310°C (R = H, CH3) and low 
solubility

Soaps (range: 0-40 ppm) 
Water (range: 0-500 ppm)
Acylated Sterol glycosides (range: up 
to 3000 ppm) have high melting point 
(close to 200°C) but also high solubility

Source: Biorenewable Resources N°4
Inform supplement Sept. 2007
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Blend calculation: 
some background data

Data in italic defined by extrapolation
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Biodiesel Cost Optimizer ®
Least Cost Biodiesel Composition Calculation



29/11/2007 17

Blends of SBO, RSO and PaOil

[4.2 parts SBO + 1 part palm oil] behave as RSO
Price benefit is moderate

Prices 20 Sep 2007

Winter

Summer

$984 $1040 $828 $/MT $/MT
SAFA+TFA SBO RSO PaO IV CN Profit

7.2 0 101.5 0 116.2 50.3 1056
8.0 3.4 97.5 0.7 116.4 50.3 1053 3
9.0 8.6 90.8 2.2 116.4 50.3 1048 8

10.0 13.8 84.2 3.8 116.3 50.3 1042 14
12.0 24.3 70.8 6.8 116.2 50.2 1032 24
14.0 34.7 57.4 9.9 116.1 50.5 1021 35
16.0 45.2 43.9 13.1 116.0 50.5 1010 46
19.0 61.0 23.7 17.7 115.9 50.7 994 62
22.0 76.9 3.3 22.5 115.7 50.8 978 78
25.0 72.2 0.0 30.8 109.7 52.1 965 91
30.0 57.6 0.0 45.9 97.8 54.7 946 110
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Blend calculation (+oxidation stability)



29/11/2007 19

Blend calculation (+oxidation stability)
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Biodiesel Cost Optimizer
Biodiesel based on raw material blends can be much 
more economic than pure RME or pure SME and still 
comply with EN14214 or ASTM 6751
In summer conditions almost any raw material can be 
used for FAME production
Using low cost components can generate significant 
price benefits
Oxidation stability of the final product will affect raw 
material choice (OSI can be corrected with antioxidants!)
In winter, CFPP or SAFA+TFA constraint will limit raw 
material choice, but B2 or B30 allows plenty of flexibility; 
special additives can generate required Oxidation and 
Crystallization stability
Always: lowest cost blend of the day


